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ABSTRACT

The period of grant activity {(June 1, 1977 through December 31, 1978) has seen
dynamic results from wise use of NASA "seed" dollars in the Northern Califor-
nia Remote Sensing and Technology Transfer Project at Humboldt State University.
The grant, while broad in its scope, has effectively provided the Northern
California community with the means to create, design and implement a strong
working model for remote sensing technoiogy transfer,

From the beginning, the northern California group has utilized a three-part
approach, essential to a comprehensive transfer program, including the univer-
sity and community college, the "community" at large, and potential/actual
direct user agencies, primarily state and local.

Each of three areas of approach, using the specific activities described in
th1s document, have addressed eiaht stated goals and objectives, and 1n mul-
tiple ways. Each of the stated eight barriers to technology transfer was
recognized as an initial guideline, which 1n removing, helped to achieve the
goals and objectives. A1l project activities were designed to help remove
traditional constraints, whether real or implied, that have hampered tech-
nology transfer efforts in the past.

The model, designed to serve Tocal, regional and national needs, 1s st1ll in
a formative stage, needing further development, testing and evaluation before
transfer to an operational mode.

Analysis of the activities and accomplishments within each of the three major
transfer effort areas has identified the essential next steps.

These steps include the following:

--Complete transfer of a remote sensing capability to Humboldt State
University.

* Integrate computer processing of remotely sensed data with a demonstration
course.
* Integrate remote sensing training with activities of the Office of Con-
tinuing Education.
--Conduct a northern California county training/orientation series.
* Provide information on what data products and services are currently
available

* Introduce remote sensing, both photo interpretation and computer pro-
cessing of remotely sensed data, as a new resource planning and manage-
ment tool.

* Help counties define their information needs and determine the best
mechanisms for meeting them. -



INTRODUCTION

To best document the activities and accomplishments of the grant, I will
restate the title and eight basic goals of the original proposal.

DEVELOPING AND DEMONSTRATING
AN INSTITUTIONAL MECHANISM FOR TRANSFERRING REMOTE SENSING
TECHNOLOGY TO 14 WESTERN STATES USING NORTHERN CALIFORNIA
AS THE TEST SITE

There is a strongly demonstrated and thoroughly documented
need for an ideal institutional mechanism to bring about the successfuil
and meaningful transfer of technology in the world today. It 1s an
acknowledged fact by many experts dealing in the various aspects of this
problem that no such mechanism exists. It 1s further acknowledged, and
documented, that the technology of remote sensing is, and can be, a fitting,
timely, cost-effective tool for inventory, assessment and monitoring of
the natural resource base of the nation.

A powerful example exists in the findings of the Pacific
Northwest Regional Commission's, Land Resources Inventory Demonstration
Project of the states of Idaho, Oregon, and Washington. Through this,
and other projects using remote sensing as an information gathering and
analytical tool, 1t has been shown that this technology, when used 1n
resource management and planning, can add significantly to the planning
and decision-making process at Federal, state, and Tocal Tlevels.

This proposal, and its related activities, will provide, on a
demonstration basis, a model for transfer of remote sensing technology
and the model 1nstitutional mechanism for transfer in 14 western states
of the United States.

The eight basic goals of the proposal are

1. To interact with the Pacific Northwest Regional Commission's
Land Resources Inventory Project, to make direct use of their
expertise and findings.

2. To create, design, and tmplement a model for remote sensing
technology transfer usina a small test site in northern
California for maximum efficiency, interaction between
participants, and economy 1n both human energy and doiilar
costs.

3. To transfer and disseminate knowledge of the techniques and
applications of remote sensing, as used in the test site,
to 14 western states in the western region.



4. To transfer and disseminate information and findings regarding
the transfer Model and 1ts tnstitutional mechanism to the
14 western states region, and nationally.

5. To establish and test a working communications model
(between progect participants, and between the project
and the public at-large) within the 14 western states
region, and nationally.

6. To establish an innovative and effective documentation .
system, and to test that system as used in the demonstration
project, arld 1n the 14 western states region.

7. To establish and document communication links from the project
to decision makers, individually, to decision making bodies
and processes at Federal, state, and local Tevels within
the 14 western state region, and on & national basis, where
appropriate, as to viability of use of remote sensing n
the decision-making process regarding the natural resources.

8. To formulate a series of recommendations and guidelines with
input from all particinants 1n the demonstration project
and that will incorporate all of the above 1tems, and will
also include such key elements as analyzing social 1mplications
and cost-effectiveness of the use of remote sensing as an
information gathering and analytical tool in resource based
problems of northern California.

The proposal, and its related activities, wil1 practically
address some specific resource based problems in the disciplines of Forestry,
Ocean and Coastal lands, River basins, and selected Tand use. In the
Inter-cooperative project, National Aeronautics and Space Administration
(NASA) personnel will participate with selected Federal, state, and local
agency personnel; Humboldt State University professors, schools, and
departments, The Center for Community Development; and, a Citizens Task
Force and study aroup. The testing site will be physically lTocated 1n
northern California in a demonstration area that has several overlapping
problems and projects already 1n existence, and w11l provide the ideal
testing situation to achieve the goals of the proposal.

Coordination, documentation, dissemination, and communications
regarding this test and demonstration site will be provided at the Center
for Community Development, Humboldt State University, under the direction
of the principal investigator, Donna B, Hankins, assisted by support staff
and Dr. Lawrence Fox, Humboldt State University Forestry and remote sensing
instructor. NASA will provide basic technical support (e.q., data needed
by project participants, imagery, image processing, orientation programs,



and so on) and training of project participants 1n the basics of remote
sensing and techniques of appTlication of the technology to the problems
at hand. NASA will also provide valuable assistance and cooperation in
the form of coordination, documentation, dissemination and communications
from the Tocal test site, to the western 14 state region.

These Tatter activities will take place at a facility near Ames
Research Center, Moffett Field, California, which w111 provide for the
training and coordination activities by use of a team of individuals
selected especially for their demonstrated capabilities in the fields
of remote sensing technoloqy, communications, education, administration,
and research. The entire multi-disciplinary team will interact either
at Humboldt State University or at NASA Ames Research Center, or 1n the
14 western states region, as necessary.

The length of the demonstration project is expected to be
approximately 3 years, with a start date of June 1, 1977, and an ending
date of May 31, 1980.

Second, from the "Introduction” section of the orignal grant
proposal, I will restate the portions which:

-~-0utTine the need for developing an institutional mechanism
for transfer of aerospace technology, and

-~State the major barriers to developing and implementing
such an institutional mechanism.

ko

There exists at present no 1nstitutional mechanism that permits
the large body of potential users--existing in federal agencies and in
state and Tocal governments, in industry and the business community,
and in educational institations--to express their needs and to have a
voice 1n matters leading to the definition of new systems. To date, it
1s the providers of space systems and 1nformation who devise what they
believe are useful requirements and proceed to build experimental systems.
They then find themselves 1n the position of trying to "sell" this technology
to prospective users. While this process works well {and needs to be
continued) for stimulating technology, it needs to be reversed with
regard to involvement of the users. There 1s then a perceived need for
some institutional mechanism designed to assure participation in defining
new applications.

The institutional problems are ones of organization, communication
and leadership--probiems which can only be ameliorated by establishing some
means 1n addition to those which the Nation has developed to date for
dealing with space technology. Such a mechanism (or mechanisms) is



required to serve the following functions-

A. Provide general policy direction

B. Set priormities

C. Provide for communication between users and providers
D. Encourage non-federal involvement and investment

To facilitate these functions, the utilization, with their
fullest consent possible, of the services, personnel, equipment, facilities,
and information {1ncluding statistical information) of public and private
agencies and organizations, and individuals, in order to avoid duplication
of effort and expense, will be a necessary component. This utilization
will also provide the necessary building blocks to 1dentify and define the
civilian problems at state, regional, and local Tlevels which science,
engineering, and technology may assist in resolving and/or ameliorating.

As a necessary component, these "buyilding blocks" will identify and

foster ways to facilitate the transfer and utilization of research and
development results to maximize their application to civilian-user needs.
Concommitantly, it will result in improved methods for effecting transfer,
innovation, and use of technology by users, and, by stimulating an

effective 1iason between Federal, state, and local agencies, and industry and
private user groups.

However, to achieve all of the fundamental and necessary components
menttoned above, it is well to recognize the barriers to the development
of an institutional mechanism. If these barriers are recognized and dealt
with 1n a positive manner, their potential for causing the failure of an
stitutional mechanism w11l be eliminated.

The major barriers are:
1. Lack of awareness on the part of the public at-large, the

business community, state and local agencies to utilization
of NASA and space technology--inertia barrier.

2. Too many federal agencies trying to transfer technology to
the private sector with no formal policies.

3. Federal agencies not equipped to directly transfer technology--
non-existent transfer mechanism.

4. No organized effort on the part of agencies who develop
the technoloqy to market or transfer it to others--
non-existent transfer management and organizational structure.

5. Communication barrier.



6. Limiting budgetary constraints on NASA's transfer prdgram
as well as other agencies--cost barrier,

/7 Time and geographic distance barrier.

8. Reluctance on the part of industry to take the risks involved
with developing the necessary products to disseminate the
technology.

A11 of the above barriers should be addressed 1mit1ally in any
program designed to transfer technology. Dr. Hans Mark, past Director
of NASA Ames Research Center, has stated the following:

The Teast successful way of "transferring technology from

one purpose to another is to have the federal government do

it directly....This 1s principally a result of the people within
the federal government not having the necessary skills to effect
the transfer. Successful transfer reqguires that a market for
the technological product be available,...is adapted well

enough to that market so that accurate cost projections can

be made, that...risk capital be accumulated, and that the special
organization be created to carry the new product successfully

to the market-place."

As to the role of the federal government in facilitating this
process:
"The process of technology transfer is an important one that must
be nurtured and encouraged. It is strongly recommended that,
in view of our experience in this field, proper incentives be
provided for private industry and for individual technical people
to encourage the transfer of appropriate technology to commercial
markets as soon as feasible. In addition, it is mmportant that
the Federal Government, in undertaking a technology development
program, understand thoroughly which part of the development 1s
best done by private industry and which’part 1s best accomplished
under federal direction.”

Mrs. Sally Bay, of the Task Force on Technology of the National
Council of State Legislatures in its 1977 report to the Council, stated:

"...the task force strongly emphasizes that the satellite
technology may not be transferred te the state and Tocal
governments--due to flaws 1n the transfer process, rather
than in the technology 1tself.”

Thus, the problems and barriers are present, but can be eliminated.
This proposal will deal in a real way with the problems from the very
beginning.



The "model" being proposed will gather together all the elements
necessary to bring about complete coordination between those who do the
technical application, and those who w111 disseminate and pubTicize the
results. 1In this way, the institutional mechanism will not only be developed,
but will be n operation from the start. It will coalesce into a standard
operating mechanism that will, with changes relevant to each region, facilitate
the transfer of the technology, and, insure that the model 1s applicable
to other areas as well.

In designing a comprehensive technology transfer program for
our model region, careful consideration was given to the major potential
transferring elements of this program. In other words, what are the
unique features of the region that w11l aid or facilitate transfer?

In Northern California {here described as Humboldt, Del Norte,
Mendocino, Siskiyou, Shasta, Modoc and Lassen Counties), Humboldt State
University and several community colleges were 1dentified as prime factors
for technology transfer. The two key places within the university and
community colleges where technology transfer can be facilitated are-

STUDENT BODY - University training in remote sensing 1n a multi-
disciplinary, well integrated program provides a core group of
trained and knowledgeable people that will more readily utilize

the technology as they go into their various discipline fields

to work. At Humboldt State University, over 2,000 persons are
enrolled as Natural Resource majors. By integrating remote sensing
technology into a wide range of curriculum areas at Humboldt State,
the technoiogy users of the near future are created. Furthermore,
this is an enhancement to the current offerings of the university,
and should create new FTE dollares for the schools as more students
become aware of the opportunity to add a valuable new skiil

to their regular discipline field.

ACADEMIC FACULTY/STAFF - By training of selected university
professors 1n remote sensing technology, integration of the
technolegy nto various curriculum areas can more quickly and
eas1ly take place. Furthermore, this training helps create

a core group of trained discipline scientists who can assist
n teaching and training those community and agency personnel
involved in projects using the technology. Finally, new
research in various discipline areas will take place after
such training, providing enrichment and personal development
for academic persons.

The report which follows documents the work of 1977-78 within
the university community.
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HSU Student Involvement

A.

Remote Sensing of the Environment. In conjunction with Continuing
Education, the NASA grant, Schools of Forestry, Science, Natural
Resources, Winter Quarter 1978, an introductory course on remote
sensing was offered. The course, designed to provide an overview

of the theory and applications of the technology, had a concurrent
enroliment of 80 University students and 22 Continuing Education
students. 1In an attempt to provide wide coverage of the applications
of the technology, the grant provided the foliowing speakers:

T. Nancy Grabinski-Young- Tacoma, Washington, Urban Project,
Applications in Land Use and Urban Analysis.

2. James Jeske: NASA Computer Applications Specialist; Applications
for Automated Image Interpretation.

3. Dr. Floyd Sabins: Research Scientist for Chevron Corporation;
Applications in Geology, Soils, Mineral Resources.

4. Ernest Daghir: National Environmental Satellite Service;
Applications in Climatology, Hydrology, Environmental Monitoring.

5. Dr. Robert Hodgson: Humboldt State University; Applications
in Oceanography.

6. Alan Snell: COMARC, Inc., Applications for Social Impact and
Technology Assessment.

This course was repeated as a regular University offering during
Spring Quarter 1978 at Humboldt State. (See Appendix I.)

In an effort to provide students with information and resources on
remote sensing, the Project office has compiled a T1sting of students
wanting to become 1fvolved. This 1isting can be broken down as
follows:

1. Volunteers: Those interested in offering free time and
unpaid energy (15 students).

2. Class Units: Those interested 1n gaining units under 199 Study
Serjes, Independent Research, Field Classes, etc. (23 students).

3. Part-Time/Full-Time Employment: (12 students).

4. Graduate Level Research: Interested in applications of remote
sensing to graduate research (15 students).

-7~
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Also, student requests for 1nformation that can be used for class
presentations of remote sensing applications (38 students).

NOTE- Three students in particular have been using remote sensing
materials to define class projects that will Tead to graduate level
study.

During Spring Quarter, March 27 - June 10, 1978, a student 1ntern
worked directly with the Project office to survey existing iegislation
regarding remote sensing technology. It is hoped that a state-Tevel
intern program w111 be developed from this research.

Career Development. The Project in conjunction with the Career
Development Center at HSU, held a one-day workshop on "Careers

in Remote Sensing." A brochure developed for the workshop has

begun distribution throughout 14 western states to colleges and
universities. It 1s hoped that other programs between Career
Dev&lopment and the Project will include conferences, workshops

and seminars to provide students with new ideas for future employment.

Throughout the past academic year, Donna Hankins, Joe Webster,

Dr. Lawrence Fox, and Kamila Plesmid have made numerous presentations
to classes and organizations on campus. This effort is viewed

by the Project as a necessary responsibility to keep students and
faculty fully informed and aware of remote sensing technology.

At the present time, two Graduate students, one in Forestry and one
in Natural Resources, are currently working with the grant on
demonstration projects. Ken Mayer, graduate in Natural Resources,

is working 1n cooperation with the Project and the 4.S. Fish and
Wildi1fe Service on an investigaticn of the Hoopa Square. Jeff Soto,
graduate 1n Forestry, 1s doing thesis work related to an overall
vegetation cover classification on the Hoopa Square. Other activities
of these two students include- Mayer providing lab assistance to

Dr. Fox 1n the remote sensing course, and Soto doing training 1n
photo-interpretation and mapping with Indian groups on the Klamath
River, both students are gaining valuable training in the use

of computer processing of Landsat data on-site at HSU and at NASA
Ames Research Center

Faculty Involvement

On December 3, 1977 and January 7, 1978, workshops were given to
provide ,faculty and staff with information on remote sensing
technology. Forty-ei1ght members of the faculty attended these
workshops and from them a series of action 1tems were developed.
From the action items, a steering group, headed by Drs. Fox and
Hodgson, have developed a proposal for summer training at NASA
Ames Resgarch Center. This advanced training is intended to



provide Humboldt State with a core group of professors well-versed
in the technology and represent a multi-disciplinary group of
concerned faculty members. It is hoped that through this training
the ntegration of remote sensing programs into existing curriculium
offerings can be accomplished.

Through arrangements and contacts at NASA Ames Research Center (ARC)
and in consultation with Dr. Joseph Leeper, a sabbatical for

Dr. Leeper to be spent at Ames has been given full approval (from
NASA Ames). We would hope that these types of arrangements, at
various times, could be provided other professors in the future.

Drs. Lawrence Fox {Forestry) and Robert Hodgson {Oceanography)
during the past summer were able to get further training in the

use of remote sensing and computer processing of the data. Through
this training, it is felt that the University has been able to
increase faculty awareness of the potentials of remote sensing
technology. Also, Dr. Hodgson was able to gain valuable knowledge
concerning the current "State of the Art" in remote sensing around
the United States. His input and documentation has Ted to a broader
outlook on the part of MASA Ames as to what changes are necessary
vis-a-vis the dissemination of the technology. (See Appendix II.)

Dr. Fox has continued his association with the grant through a
consultancy arrangement. His valuable input on technical matters
has been instrumental 1n providing for coordination and development
of the existing demonstration projects. This will benefit Humboldt
State by having at Teast one professor who is cognizant of the

full use and applicability of remote sensing technology. Dr. Fox
will be employed by the Project throughout the upcoming summer to
provide continuity to new projects and planning for the future.
Also, he will be 1nvolved with insuring that the summer program for
professors 1s carried out effectively.

Various professors on campus have consulted with the Project on

the possiblity of gaining support for research proposals that

may or may not be applicable to remote sensing. At present, these
proposals are being reveiwed by many individuals in the NASA system.
We are hopeful that these proposals will be funded.

After consultation with representatives of HSU's Computer Center,

we feel positive gbout the integration of Landsat data processing

into the current system. There are, however, some very real problems.
Much of the existing equipment would need to be added to for full
capabiTity. Also, storage and retrieval capacity would need

updating, as well as the possible increase 1n manpower to work

with such a program.



One of the unique features of any region that w11l facilitate
transfer of technology is the web of the "community." An 1nformed and
aware community can assist technology transfer by influencing decision makers
and by passing needed legislation. We have defined this "community" to encompass
the general, lay public,'Tocal and regional; agencies or potential/actual
user groups, local and regional; major industries and decision and policy
makers. Thus, our definition includes a "community" which reaches from
right outside the window to Washington, D.C. In Northern California,
this community is extremely diverse, if sparse. Here, the Natural Resource
15 the direct economic base. The general lay public 1s employed by or
closely connected to the major i1ndustries which extract the Natural Resources.
Furthermore, the agencies work with, monitor, control or assist extraction
of the same resources and the regional decision and policy makers are
usually keenly aware of the problems of the resources, their allocations, etc.
Hence, any "tool" which even promises better and more cost-effective
inventory, assessment and monitoring of the same resource base is guaranteed
to at least receive modest attention.

So, the first stage of our approach in Northern California has
been to essentially “"scan™ the Yocal market and decide upon several communication
modes best designed to inform about and 1ncrease awareness of the technology
m the community as defined. Furthermore, assessment of all Califorpnia was
judged a necessary task, to, again, determine what the potential market
might be for this technology in a state which has encountered numerous
past problems 1n getting involved. (No assessment has yet been made of
the projects and actual user groups of the WRAP area to determine the
entire potential market for the technology in 14 western states.)

Communication models are being currently assessed, after one
year of work, for 1dentification of those elements which need further
attention.

The following report details the major efforts made by the project
in tinforming and involving the "community," as defined above.

ITI. Commumity Involvement. As part of the overall tasks and responsibilities
of the grant, extensive community awareness has begun  This community
program has been viewed as an integral part of any technology transfer
effort. (See Appendix III.) )

A. Community presentations - Project staff have made over 50 presentations
to business {e.q., Lions, Kiwanis, Rotary) and civic groups to
stimulate awareness in the community. The response from these
groups has been favorable and has led to many important viewpoints
being given expression. These presentation are expected to continue.

1. Business and Industry- 286 people
2. Decision-makers: 167 people

3. General Educational: 634 people

-10-



Signature - The project 1s currently publishing a newsletter which

is being sent to most of the fi1fty states and a few foreign countries.
The content of the newsletter provides a synopsis of activities

tn the Northern California area; information on Tegislative programs,
conferences/workshops; and, images of key personnel 1nvoived in
technology transfer. Under the editorship of Ms. Kamila Plesmid,

this newsletter is now being expanded to cover the entire 14

western state WRAP (Western Regional Applications Program) service
area. (See Appendix IV.)

American Indian Tele-communications Satellite Demonstration Project -
Throughout the United States, a large percentage of Tandholdings

are held by various Indian Tribal groups. As they have recently

been given the right to develop their own lands, information and
training as to the best possible ways to achieve this task has

become fmportant. The "tele-communications project" 1s a demonstration
in attempting a new method of education and information dissemination.

The grant, in cooperation with Mr. Jerry Eiliot of Johnson Space

Center, Houston, has been given two major tasks for this project.

First, to develop a video-tape that will show the technology
transfer/education program currently in operation in Northern California.
Second, to provide expertise in evaluation of the effects of this

overall program in its first attempt.

The video-tape program {20 minutes) w1il provide background to the
grant, its activities concerning technology transfer, and its

efforts on behaif of the Indian community on the Hoopa Reservation
and extension. The evaluation scheme is to provide for input

into the effectiveness of this type of program development throughout
the United States. This program was initiated 1n early April, 1978,

Documentary Film - The grant has been 1nvolved with a documentary
program that is intended to provide visual documentation of its
activities. This film, in progress at this time, w11l cover

the interactions of the grant personnel in dealing with day-to-day
problems, and development of the technology transfer mechanism.
This f1lm will aiso be used to explain how technology transfer

can work, who were the participants/actors in the process, and how
others can become 1nvolved. (Not finished - too costly. Film was
incorporated into videotape, Part C, above.)

Swmulation Activity - In reacting with members of the community-
at-large, grant personnel have been developing a "simulation activity.,”
This simulation is i1ntended to 1) establish a level of awareness
for the technology, 2) show how the information 1s needed, and

3) mprove the awareness of how the techonology can be integrated
into traditional information gathering needs. Ms. Marion Dresner,

-11-
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graduate student in Natural Resources, HSU, has been instrumental
in providing the framework within which the activity is to take
place. The simulation has been used 1n a trial session with a
group from the community. From that session, we will refine the
activity into a format that can be appTied in other areas and with
other groups.

SUMMARY -- The community awareness program of the grant is quite
extensive. It involves not only Northern California, but the full

14 western state region. The arant personnel believe that this
program w11l be an ever expanding process and are taking the necessary
steps to insure its completion.

Training activities. A major component of grant activities has been
to develop "training" programs that assist the transfer of technology
to users. Each of the foliowing training sessions followed a basic
format of instruction:

1. Introduction to the technology - remote sensing theory.

2. Applications of the technology - applied remote sensing.

3. Exercises designed to provide use of remote sensing data.

4. Follow-up activities to provide better techniques for training
programs.,

As more potential users become familiar with the technology, these
training programs will increase. Following 15 a list of training
programs completed as of May 31, 1978.

Each program was designed to give each participant knowledge of the
technology as it related to the specific agency. (See Appendix II.)

A. State Agencies 135 people

B Federal Agencies 126 peopie

C Local Agencies: 179 people

D, University/Faculty: 173 people

California Activities. As the grant is intended to pursue its goals
as a model to be applied throughout 14 western states, it is necessary

to develop the model in that context. To do so implies gaining information

concerning those areas. The following 1s a summary of the activities
regarding the State of California.

~12-



Demonstration Projects - The technical demonstrations of the use

of the technology have been the hardest program areas to be initiated.
Part of the problem has been the Tack of trained personnel to take
part in this activity. However, if the program here at HSU is

to be effective, this element must be increased., Working with

the technologists at NASA Ames, the project personnel are now in

a position to finalize and place more emphasis on this segment of

the program. The technical know-how and coordination will be
tightened and "brought-up-to-speed" to insure adequate technical
development and use.

At present, there are three demonstration projects in progress:

1) U.S. Fish and Wildlife Service study of the Trinity River watershed
on the Hoopa Square; 2) Hoopa Square overall vegetation cover
classification graduate research project, HSU; 3) Klamath River,

basic photo-interpretation/mapping program for U.S. Census Bureau

and Indians on the Klamath River. These three programs are underway
and the participants (Ken Mayer and Jeff Soto) are working 1n
conjunction with the agencies and individual groups concerned.

(See Appendix V.)

Along with the three projects mentioned above, the following is a
1ist of proposed projects that are currently under negotiation.

1. Trinity River Task Force: Trinity River Basin in Northern
Caltfornia; 11 agencies (federal, state, local) involved.

2. Six County Regional Proposal: six counties in Northern
California possible joint powers proposal.

3. California Parks and Recreation: Redding, California region.

4. Archaeological/cuttural Resource Consortium: Northwest California,
proposal to utilize remote sensing techniques investigating
cultural and archaeological sites. These projects not attempted
due to time and funding restraints.)

Californa State Survey of Remote Sensing Activities - In many ways

the project has found that very 1ittle information has been shared

concerning the use of remote sensing technology. A survey has

begun on developing a compendium on these activities. Its

goal 1s to provide anyone interested with a 1ist of projects dgoing

on in umiversities, state colleges, federal and state agencies,

county departments and industry. This survey wiil be forwarded

to NASA Ames and the Governor's office as soon as complete {expected

completion -~ end of June, 1978). This will be the first time that

such information will be available and represents seven months

of constant 1nvolvement and compilation. (See Appendix VI.)
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VI.

C. Proposed California Task Force - The Project has assisted 1n
developing a proposal for a State of California remote sensing
task force. The purpose of the group will be to coordinate all
activities in the State of California using remote sensing technology.
As a beginning step, assisted 1n charter meeting of the California
Remote Sensing Advisory Council (CRSAC) representing agency persons
ut1lizing or wishing to use remote sensing 1n their activities.

The CRSAC is viewed as a foundation for coordination between state,
university, and 1ndustrial groups wishing to form State Task Force.
(See Appendix VII.)

SUMMARY -~ The activities in California are intended as 1nitial steps

in providing for long-range planning for the use of remote sensing.

The "Survey" and activities of the demonstration projects are viewed

as focal points for future expanded use of the technology,

Western Regional Applications Program (WRAP}. As part of the grant's
goals and objectives, we are to provide a "test-site" for ideas and
actions, and become a "model" for WRAP objectives in 14 western states.
The project staff at Ames has been moving on all fronts in an attempt
to generate interest and 1deas/actions throughout this area. The
foliowing are highiights of that program: (See also Appendix VIII.)

A. Centralizing State Interests - The team at NASA Ames has been 1In
contact with individuals within each of the 14 western states.
These groups represent legisiators, top-level agency heads,
universities and industrial concerns. Many of these groups have
centralized their contact through one or more individuals who
will act at focal points for communication and activities.
Specifically, these focal point individuals and groups will provide
coordination between their states activities and those of WRAP.
Using the experiences gained through the Northern California
test-site, each state will have a coordinated and inter-cooperative
team to define project activities. A network for communication
dissemination w11l then be firmly established throughout the region.

B. -University and College Survey - As the Humboldt State Project office
1S surveying remote sensing activities 1n California, the WRAP
program is surveying universities and colleges throughout their
service area. Specifically, each university and college will be
quizzed on 1) their existing {or non-existing) programs in remote
sensing, 2) their level of course work and/or knowledge of remote
sensing, and 3) 1f they are going to become involved with, or expand
the programs in, remote sensing.

€. State Programs in WRAP

1. Arizona: Through ARIS (Arizona Resource Information System),
a data base for the state, WRAP 1s helping to define a series
of projects with the Jet Propulsion Laboratory, Pasadena. This
support 1s now in jts final state. One example of how this
1s working is the Tegislative proposal to move ARIS into the
Arizona State Department of Lands. In doing so, increased data
needs and services will help expand the program.
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2. Colorado* The Colorado State Mapping Advisory Committee has
been appointed as the focal point for remote sensing activities.
Negotiations are now in progress to set-up a joint presentation

between WRAP and State offices in the use and capabilities of
remote sensing,

3. Hawati: In November, 1977, seven individuals representing various

resource agencies attended a two-week training program.
Sponsored by the grant, NASA Ames and in cooperation with

U.C. Berkeley, the theory and application of remote sensing was
explained and hands-on training provided. From that session,
State agency heads have been designated as a Task Force to
coordinate any remote sensing programs. This group, in
cooperation with WRAP Program leaders, is now attempting to
define a project proposal plan.

4, Montana, A series of orientation and brief training sessions
at NASA Ames and in Helena have been accomplished by the WRAP
team. The state has deveioped 13 demonstration project proposals
which are now being evaluated. Plans are now in operation
to attempt one major land use project with others to be added
Tater. In late April, agency representatives from Montana
participated in further training.

5. QOther States: The WRAP team is currently in negotiations with
other states in the region. From these negotiations, training
and project planning will occur and increased activity is
expected. By 1dentifying a focal point in each state, the
WRAP team will be better able to coordinate overall planning

with each state, as well as develop dialog and communication Tinks.

Summary Reports to MASA Headquarters - Ms. Phoebe Williams, Director
of User Awareness at Ames, has been developing a series of monthly
activity reports. These reports go directly to NASA Headquarters
in Washington, D.C. on all activities of the WRAP.

Conference of Remote Sensing Educators (CORSE) - In June, 1978,
the grant, WRAP, USGS, and others will hold a conference for
educators 1n remote sensing. The main goal is to "promote the
teaching of remote sensing at universities, colleges, and other
academic institutions.”

National Council of State Legislators (NCSL) - Tahoe Conference -
As an on-going program of coordination between WRAP and 1ts
service area, WRAP and NCSL co-sponsored a conference at Tahoe on
remiote sensing. Various representatives of WRAP outlined the
objectives and goals of their program and explained the need

for legistative support.
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G. MATE (Mobile Analysis and Tele-communications Experiment) - MATE will
give state people a chance to find out whether they can use remote
display terminals in different Jocations interacting with a
Landsat image processsing computer in a central location. The
WRAP team 15 supervising the use and deployment of the MATE
throughout the 14 western state region.

SUMMARY -~ A11 of the above are highlights of the WRAP program and

the grant's personnel invoivement 1n those activities. There are many
others that are in progress and relate to one or more of the above.
The WRAP program relies on the "model" activities developed 1n
Northern California and incorporates those processes into their
operations with other areas.
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Number of
Goals and Objectives Activities

1. Interac? with the Pacific Northwest Regional
Commission’s Land Resources Inventory Project. 11

2. Create, design, and implement a model for
remote sensing technology transfer 1n
Northern California. 26

3. Transfer and disseminate knowledge of techniques
and applications of remote sensing. 16

4, Transfer and disseminate information and
findings to the 14 western states region,
and nationally 26

5. Establish and test a working communications
model within the 14 western states region,
and nationally. 22

6. Establish an innovative and effective
documentation system and test that system
as used In the demonstration project, and in
the 14 western states region. 13

7. Establish and document communication links
from the project to decision makers, 1ndividually
to decision making bodies and processes at
federal, state and local levels. 13

8. Formulate a series of recommendations and guidelines
to 1ncorporate all of above 1tems and include other
key elements for analyzing implications of the
use of remote sensing as an information gathering
and analytical tool. 26
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Participants
Activity Goals and Objectives Barriers Addressed Identified
T12(31415]6]7]8 TI2E3 415167
1. Student
Involvement--A § x | x X X X X Ix X 120
B IxIxIxix][x X X X tx Ix¥xix 65
c X X XX XExPx ix Ixix 1
D M ESEIEAE: X X x Ix Ixixix 30
E X x| X X X X {x Ixix 300
FoixbxxixTxlx]x]|x XIx]xTxix] x| x 2
I1. Faculty
Involvement--A x Ix {x] x{x X X X |x ixt xlx 52
B ixixIxIx|xix X X [ x Ix] xx 1
C txwlulxix!xix X X X [ Xix] Xt x 2
D X IxIx{x X X 12
£ ¥ X X X Xi X ~{}-
I1T. Community
Involvement-A-1% X x| X X X X Xi %X x 286
A-2% X XX X1 X X1 x|l x x{ x| x 167
R-3% x I xlxlx X X X ] x] x 634
B oIxpxpxixixl x]xjx X)) Rl x| %P X X X 1,900
C* Yix Ix]xp x| x| x XP X x| XX} xtx 200
DF U x i x x| x| %] x1 x| x I x] xI'xExi x}x 1h
E X x| x X X X X] X] X 17
IV. Training
Programs -- A* A RAREARABRERIR: X X x{x] xjx 135
B* lx I x] x] x| x| x | xi x| x| x| x| % 126
C* X XX x] x X x| x] x| x| x 179
D*§{ x| x X] X X X x{xi x| x|} x 173
¥  California
Activities - A% | x| x| x (x| x| x1 x] x x1 xi x| x| Xt x| x Unavailable
BE x| x| xt x| x] x{ x| x x| xt x| x} X x| x N
C X X X} X xU xt x| x| x{ x| x "
VI. WRAP
Program * x| x P xp x| x} x[ x| % Xt x| x| x}] x| xjx Unavailable
TOTAL 111256 [16 126 12211313126 {25]11]24120]23124 123 4,417
Activities which were instrumental in 1dentifying and formulating conclusions

discussed 1n the summary/conclusion of this report.
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TECHNICAL SUMMARY

NOTE: A full technical review will be completed after September 31, 1978.

This summary represents a brief overview of major technical accomplishments
to date.

The Project staff has advanced a greater understanding of remote
sensing technology along two major fronts: the university and the community.
There has been a positive effect on Humboldt State University students and
teachers. The 120 students taking the class, "Remote Sensing of the Environment,"
have been exposed to the influence of working professionals in remote sensing
through the grant's visiting lecturer program. This has enabled them to
see the relative advantages of enhancement vs. digital analysis techniques,
high altitude aircraft vs. Landsat, thermal vs. reflective techniques and
many other methods. The illustrations and case studies brought forth by
these individuals have provided a unigue learning experience for the students.
About thirty students have also had the opportunity to view the computer
terminal hook-up to Ames in a live demonstration of unsupervised classification
techniques. This should repeat each time the class is offered (scheduled
for twice per year).

Of course, many more students have been at least exposed to remote
sensing These have begun to realize the difference between Landsat digital
and color-IR photographs as they have viewed the Tibrary displays acquived
by the grant staff. A few students {8 to 10} have become more deeply involved
1n graduate studies using remote sensing. They have been helped tremendously
by counseling with the grant staff about every aspect of remote sensing
from ordering data from EROS to discriminating spectral classes using lLandsat.

A1l of the faculty have been at least 1nfluenced by the grant
activity and understand a 11ttle more about remote sensing. Nine instructors
have or will shortly receive further training. Remote sensing has and will
be presented as a useful tool to be used in a fully integrated approach to
resource inventory. These faculty understand how Landsat may help in overail
stratification, or primary sampling unit description. They know how the
U2 and Tow altitude aircraft also 1t 1nto the picture as sampling tools for
maximum cost efficiency. They have and will also Tearn the basics of Landsat
digital analysis, contrast stretching, supervised and unsupervised classification
techniques, digitized summary strata and various output products. By the
end of this summer, these facuity members will be able to 1ntelligently 1nclude
remote sensing as a useful inventory tool in their courses and professional
activities.

The emphasis on further remote sensing education at Humboldt State
will stress integration of remote sensing as an inventory tool. A new course
in 1nventory design may be taught in the School of Natural Resources. This
class would stress remote sensing techniques from aerial sketch mapping to
Landsat digital analysis showing the most beneficial application of each
or all in a multi-Tevel approach This is one of the ideas proposed by the
Natural Resources Curriculum Committee.
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The major technical effort in the community 1s the U.S. Fish and
Wildl1fe Service Demonstration Project on the Hoopa Indian Reservation.
Ken Mayer and Jeff Soto (a cooperating graduate student) have received
extensive training 1n Landsat data analysis appiied to vegetation mapping. The
approach was initially unsupervised using the ARPANET/Editor system to classify
a portion of a Landsat scene into 20 spectrally distinct categories. Using
LP maps, dicomed color coded prints and U2 photography, these two men have
evaluated the classification. They are now using supervised techniques and
guided clustering to establish valid statistics for the information classes
they need. It 1s through this often painful and frustrating process that
most of the truly technical expertise is being Tearned. A final session
at Ames will take place in the near future to evaluate all of the statistics
generated and arrive at a final classification. Most wmportantly, the day-to-day
work on resource category description is being done by remote terminal at
Humboldt State University, providing a Tevel of independence from Ames
never before realized.

Gary Rankel (Ken's supervisor and a fisheries biologist with
the U.S. Fish and Wildlife Service) has been kept up to date on all phases
of the project. He has seen the raw data, partially classified data, and
w111 be thoroughly briefed on the final product. Because he has been involved
from the beginning, he w111 understand the final map thoroughly and be in
an excellent position to explain the benefits of satellite remote sensing
to his co-workers and supervisors. Of particular technical importance is
the relationship of this project to the overall project of the Trinity River
Task Force.

Several other working professionals in the U.S. Forest Service,
CaT1fornia Department of Forestry, California Department of Water Resources,
and many other agencies have been given a technical orientation to the technology.
Through specialized workshops and training sessions, the staff at Humboldt State
University has helped these people understand the most efficient use of the
variods remote sensing platforms available. Most importantly. they have
seen Landsat at full resolution (say 1 50,000} in combination with standard
topographic maps. This kind of approach will help them see high altitude
remote sensing 1n 1ts proper Ti1ght. It 15 a system to be integrated with
other techniques but also will stand alone in the ability to display resource
categories 1n aclear way with sufficient working space (large enough scale} on
the final product to make it a tool and not a wall decoration.

The overall technical achievements have been impressive. The Humboldt
State University effort is only Timited by full time technical coordination.
It 1s considered that with the addition of both the Bendix MDAS equipment and
by activating use of Humboldt State computers (part of CSUC Computer system) to
process Landsat digital data as part of academic/instructional program, that
full time technical coordination will automatically come about.

This is a major problem that will be addressed as part of the technology
transfer to the university during fiscal year 1979.
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CONCLUSIONS

Several practical and useful conclusions have been drawn from
analystis of the last year's activities. These conclusions have been
prepared from Project staff examination and evaluation of nearly 2,000
pages of notes; evaluations of countless workshops and presentations and
the priceless input of hundreds of community members, agency personnel and
friends of the "space" group.

It is clear to all involved 1n the Northern California project
that whereas much work needs to be finalized and supported by MASA in the
next year, that practically, we are truly heading towards the goal set
several years ago. That goal 15 a regional appropriate technology center,
which will work with a variety of technologies, some coming from NASA,
some from other areas.

We have utilized our technology transfer medel building efforts
to the fullest extent and can demonstrate the next steps that must be
taken. The following conclusions will form the background and basis for
our fiscal year 1979 proposal, which should, at its conclusion, end NASA
support and see the region Taunched into an appropriate operational status.

The major conclusions are as follows-
~-~There 1s a resistance factor in most all agencies to accept

a change from traditional methods of data acquisition, reduction
and analysis. This resistance factor may well be overcome

slowly and gradually by building confidence in the new technology.

The gradual change must be facilitated by multiple exposures
to the new technological tools, and by a regional advocate
known to and trusted by the users.

--There is an "upside-down" syndrome being developed by NASA's
natural eagerness and enthusiasm to "sell" Landsat technology.
Lip service 15 being given to the need for integration of
the satellite data with conventional data and tools, but no
real up-front effort has been made by NASA to make sure users
are aware of what else is available. This appears to be a

serious oversight, since familiarity with what other conventional

tools (such as the wide variety of USGS-Geography, GIRAS, LIA
program materials) most often has lead (1n our experience) to
a areater understanding of how Landsat data can work for them.
The idea 15 to help users det the right tool to fit the task
at hand.

--There 1s a strong need for local or regional "arms" of the NASA ARC

mvolved in the WRAP. Most state and Tocal agency personnel are
so busy and travel budgets so short, that the needed mu1?1p1e
extensive training courses, often tedious human 1nteraction with
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computer, calculator and Tight table, cannot take place as
they should. This results 1n projects being shortcut,
abandoned or poorly done. Day to day 1iason must be performed
on a local basis to insure good results and hence, real
technology transfer.

Furthermore, NASA ARC cannot respond to small Jocalized
projects due to distance from such projects, time and

Tack of people resources to respond. A localized "arm" of
NASA ARC, such as the Northern California Project team, can
easily respond to such localized needs, and at nominal cost.

--Users or potentiai users have a strong need to know that their
problems and projects can be approached in a timely fashion.
Dependence upon the uncertain or limited rescurces currently
available within NASA ARC has Ted to uncertainty and confusion
within various agencies desiring to get involved. Furthermore,
numerous entities in the Northern California region are not
really interested in demonstration projects per se. They are
interested in doing actual projects in a semi-operational mode
and simply need help to get started. A local or regional arm
for NASA ARC, by providing support to numerous small but
semi-operational projects and relying on regional resources,
will insure real integration of the technology into operational
programs.

In the near future, this type of "arm" can transcend into a
permanent technology assistance center, which would be totally
funded from sources other than NASA.

--There 1s a strong need to be sure that the projects and programs
under WRAP or RAP, in general, truly fit the locality or
agency from which they arise. Certain of these projects may
cover only small land areas, but will provide important 1ndividual
components of a regional data base. This "data base" concept
needs to be carefully developed and must be brought to the
users attention early 1n the game.

--There is a powerful need to train and educate the "legislation-
forming" strata 1n state and local government, regarding the
use and application of remotely sensed data. This "strata"
may not, 1n fact, be the legislators themselves, but legislative
aids, research analysts, interns, etc. The strata must be
more clearly defined and an organized attempt made to set
up training workshops and initiate information flows to all
within this strata. At present, there appear to be no
recommendations or stipulations to use specific tools in
implementing work plans attached to legisiation that affect
natural resources, as a result of lack of 1nformation at
the "legislation formation" level.
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~-There is a strong need for 1nformation and education about
uses and applications of remotely sensed data to be extended
to all American Indian tribes. American Indians own a
startlingly large percentage of the total land mass of the
United States. Recent trends indicate that, more and more,
Indians will resume control and management of their own Tlands.
By the nature of the changing role of these citizens and their
often remote locations, they are prevented from knowing about
or using even conventional and traditional resource management
tools. Therefore, the needed education and information should
include several sections on the nature of resource management,
conventional management tools and resource data collection, as
well as sections on remotely sensed data collection and appreciation.

--A most critical need is the early resolution of the "experimental
Landsat” problem. It is difficult to honestly tell users they
are absolutely assured of getting satellite data for extended
periods of time. Often, the repeatibility component, along
with well documented and archived satellite data records
15 the single most attractive feature to potential users.

In attempting to determine the status of this difficult theme,

it was observed that certain critically needed and very basic
background information does not exist that decision makers

could piug 1nto their deliberations. Among the basic information
needs is a detailed survey of what actual data users there are,
how the data 1s being used, and what data collection needs to

be repeated on a regular basis, either by federal, state or

local legislation, or by practice. This survey should be on

a state by state basis.

--There is a powerful need for NASA to encouraqe and assist
development of a wide array of remote sensing technology transfer
institutional mechanisms. Key among these 1s the transfer of
a remote sensing capability to universities and community
colleges so these institutions can begin assuming their rolé
in training and educating students and community users.

The traditional "research lab" must not be abandoned in the
rush to "transfer technology," since much research remains
to be done in on-coming satellite programs and systems. But
certainly, there must be clear definition with and to the
universities as to their role in research versus transfer
of technology.

--There is a growing need to direct a major communication effort
regarding the technology of remote sensing (and the possible
peripheral "spin-offs" and related business opportunities and
advances) to industries. These 1ndustries should not be those
particularly of or closely related to aerospace, but small
businesses and industries which deal with sale or distribution
and development of land, natural resources, etc.
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--There 15 a strong need for NASA to encourage and to take
an active role in creating an interface between the would-
be "user community" and the Remote Sensing private sector.

--There should be an evaluation made of the potential user
community within county governments and entities.
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APPENDIX I

Documentation® Examples of Student Involvement 1n Remote
Sensing as a Result of Grant Activities

* "Remote Sensing of the Environment" Brochure,
January 11 - March 15, 1978

* "0ffice of Continuing Education Extenston Course Offerings,"
Winter 1978 Brochure

* |15t of Students Interested 1n Involvement with Remote
Sensing

* "Remote Sensing of the Environment" Report by Dr. Lawrence
Fox 111

* "Remote Sensing in Latin America," Report by David Hughell
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Instructor Dr. Larry Fox examining initial
computer printout from satellite data of
Humboldt Bay

IN ST 106T REMOTE SENSING OF THE ENVIRONVENT

Ems to be feeling the

 More information is
needed, faster, ,fin greater detail than ever
before, especialllfi for resource management and
planning. Remote/ sensing tools such as high
altitude aerial photography and satellite
imagery are adding significantly to the
decision-making process at all levels of
government and private industry.

Today everyone;:s
information crun

""Remote Sensing of the Environment" is
designed for both the student and the community
member or agency person that is interested in
understanding the practical applications of
remote sensing technology. The course, offered
through Humboldt State University's office of
Continuing Education, will take a comprehensive
look at the theory of remote sensing as well as
its current and potential uses. More than half
of the lecture time will be spent on applications
in such fields as forestry, range, wildlife, and
agriculture; land use and urban analysis; geology,
soils, and minerals; and climatology, hydrology,
and oceanography. It is the feeling of the
instructor, Dr. Larry Fox, that when people are
familiar with what remote sensing tools can and
cannot do, they will be able to make intelligent
decisions about their use.

The 10-week course, beginning January 11, 1978,
will be held Wednesday evenings, from 6 to 8 p.m.,
in Room 206 Wildlife Building, Humboldt State
University. The course can be taken for credit
or non-credit with an optional 2-hour lab
session.




Week
# Date

REMOTE SENSING COURSE SCHEDULE

Subject

L oedan bl

4 Feb

5 Feb

6 ifeb

7 Feb

8 Mar

9 Mar

10 Mar

18

25

15

22

15

Introduction
Application Examples
Possible Data Products
Sources of Data

Electromagnetic Spectrum
Kinds of Sensors
Spectral Signatures

Sensor Platforms:
Space § Aircraft
Multi-Concept

Image Interpretation
Scale

Image Measurements
Exam

Applications in
Agriculture, Range,
Wildlife

Applications in Forestry

Application in Land-Use
and Urban Analysis

Automated Image
Interpretation

Applications in Geology,
Soils, Mineral Resources

Applications in
Climatology, Hydrology,
Environmental Monitoring

Applications in Oceanography

Social Impacts and
Technology Assessment

Final Exam

Lecturer

» =i
Dr. Larry Fox, HSU

Dr. Fox
Dr. Fox
Dr. Fox

Dr. Robin Welch,
NASA, WRAP Program

Dr. Wayne Rohde,
EROS, Data Center

Nancy Grabinski-Young,

Tacoma, Wash. Urban
Project

Dr. Jim Jeske,
NASA Computer
Applications
Specialist

Dr. Floyd Sabin,
Chevron Corp.

NOAA Representative

Dr. Robert Hodgson,
HSU

Donna Hankins,
NASA/HSU Grant

Alan Snell, COMARC
COMARC, Inc.
Design Systems

Lab Topie

Photo Interpretation

Spectral Signature
Exercise

Field Photo Tour

Color Film Interpretation

Image Measurements

Natural Resource Mapping

Urban Interpretation

Automated Classification
Exercise

Geologic Interpretation

Weather Interpretation

Ocean Interpretation

NON-CREDIT: gg fﬁglggmon Fee

2-3 Units CRepIT: AN ADITIONAL $10 PER UNIT

For further information contact:

Continuing Education
Humboldt State University

Arcata, CA

She B

826-8711

® [ ] ® ]
IN ST 107T REMOTE SENSING WORKSHOP (2 Hour LAB)

Companion to the introductory remote sensing
course is a 2-hour lab immediately following the
Wednesday night lecture. The lab is an excel-
lent opportunity for agency and community people
to get "hands on'" experience with the technology.
Lab sessions will cover the basics of photo
interpretation and natural resource mapping;
automated classification of satellite data; and
interpretation of urban, geologic, weather, and
ocean features from satellite and photographic
imagery.

GUEST LECTURERS IN REMOTE SENSING

A group of puest speakers, nationally known for
their work on key remote sensing projects, add
another dimension to the remote sensing course.
Each speaker represents a different aspect of
the technology's application, whether in fed-
eral agencies, large area demonstration
projects, or private industry. Many of these
authorities, such as Dr. Robin Welch, Director
of User Training for the Western Regional
Application Program (WRAP), are furnished
through the NASA Remote Sensing grant, awarded
to Humboldt State University in June, 1977.

Coordinating the lectures and the lab session
is Dr. Larry Fox, lecturer in Forestry at
Humboldt State and technical coordinator for
the Remote Sensing grant. In that capacity,
Dr. Fox works closely with the WRAP program
and with participants in the northern
California remote sensing demonstration
project.

9]

Dr. Robin Weleh, WRAP remote sensing
specialist with HSU grant people




,i

)na%@im

T

=]
.ﬂu_
N




STUDENTS INTERESTED IN INVOLVEMENT

Stephen Alan Adams

4257 Robin Road
McKinleyville, CA. 95521
707-839-3732

Darrell A. Astor

Photo Images Specialist
PO Bax 49

Fortuna, CA. 95540

Donald Barnes

P.0. Box AD
Trinidad, CA. 95570
707-677-3675

Deanna G. Donovan
5645 Oakgrove Avenue
Oakland, CA. 94618

Linda Hoskins

1783 Patrick's Point Rd
Trinidad, CA. 95570
707-677-0122

Markey Joseph Real III
340 Union St. Apt. F
Arcata, CA. 95521

Leslie Ann Manning
634 G St. #1
Arcata, CA. 95521
707-822-5405

Glen Richard Miller
1645 NW 23rd St
Corvallis, OR 97330

Nancy Sessions
1493 Chester Ave.
Arcata, CA. 95521

Edward Dennis Kildoff
634 G St #1
Arcata CA 95521

’b/"

WITH REMOTE SENSING

Craig Spaulding
9827 Vernon Avenue
Montclair, Ca 91763
714-626-5242

Dennis Therry

1757 Grange Road
McKinleyville, CA 95521
707-839-2366

Diana Jeanne Welch
635 J Street
Arcata CA 95521
707-822-8839

David A. Schwartz
663 J st

Arcata CA 95521
707-822-8536

Barbara Lesonsky
4228 Cypress Hall
Jolly Giant Commons
Arcata CA 95521
707-826-4747

Dan Berkowitz
1304 E St, Apt. 2
Eureka CA 95501
707-443-9493

Michael David Dalke
701 Patyricks Pt Dr
Trinidad CA 95570
707-677-0288

Kevin William Green
PO Box 93

Trinidad CA 95570
707-677-0164

David E. Johnson
Rt 1 Box 524-B
Arcata CA 95521
707-822~6378
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Bruce A Moore

Rt 3 Box 259, #53
Eureka CA 95501
707-442-5193

James R. Rice

PO #165

Trinidad CA 95570
707-677-3963

Sara Robertson
200 7th St #14
Arcata CA 95521
707-822-9402

David J. Sander

2331 Central Ave #K
McKinleyville CA 95521
707-839-2463

John Schlosser

2346 Central Ave
McKinleyville CA 95521
707-839-3102

Charlie Simpson
914 Grant Ave
Arcata CA 95521
707-822-2548

Tom Ray WiT%tiams
4859 Angelis Ave
Arcata CA 95521
707-822-5018

Dean Diederich

1990 Baird Rd
McKinleyvilie CA 95521
707-839-4147

Laura Molen Fennelly
6351 Florio St
Oakland, CA 94618
415-654-9018

Karen Diane Wiancko
1823 Thomas Ave
San Diego CA 92109
714-270-0246

Jon Alan Ward
1695 11th St
Marion, Iowa 52302

Mitch Weiner- .
7409 Archer Circle
Raleigh, NC 27609
919-781-2076

Charles H. Fleckenstein
1145 Kentucky St
Lawrence Kansas 66044
913~-842-6656

Patricia N. Tswelnaldin
177 Bayside Rd #2
Arcata CA 95521
707-822-9334

Rex Upp

1000 Thornton Way
San Jose CA 85128
408-292-8519

Stephen Alan Adams
4257 Robin Road
McKinleyville CA 95521
707-839-3732

Frank R, Bickner:
PO Box 3581
Eureka CA 95501
707-445-1509

William A Cook

J=30 1100 West Chester Pike

West Chester, PA. 19380
215-436-6286

Marion Dresner
Box 724 A, Rt 3
Arcata CA 95521
707-443-0107

Nancy Elmer
1108 14th St
Arcata CA 95521
707-822-6386
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Gilman G. Hoskins Jr
225 HiTlview Ave

Los Altos, CA 94022
415-941-1481

Jeffrey A Kowal

PO Box 587

Oregon House, CA 95962
916-692-9920

John G, Mensik
1161 I St #5
Arcata CA 95521
707-822-5871

Michael R Kronenberg
1214 Gillespie St
Santa Barbara CA 93101
805-962-1046

Bruce Pettibone
1008 D St
Arcata CA 95521
707-822-6811

Garett L. Rempel
2609 Evyie St
Eureka CA 95501
707-443-7698

Eric Rolseth

2129 Apaloosa Lang
Aycata CA 95521
707-822-8668

Iris Ruiz
General Delivery
Eureka CA 95501

John W. Schwabe
15870 Tomki Rd

Redwood Valley CA 95470

707-485-0743

Harry M. Smith

PO Box 797
Ferndale CA 95536
707-786-9890

Bruce A Stoker
2376-D Walker Valley
Mt Vernon WA 98273

James D. Toms

1614 Brown St
Carson City NV 89701
702-885--4810

M. Steven West
1189 12th St
Arcata CA 95521
707-822-3989

Anne Sutherland Sands
Rt 1 Box 2230

Davis CA 95616
916-756-3297
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INTRODUCTION

In January, 1977, an interdisciplinary course 1n remote sensing was
offered at Humboldt State Unaiversity. Over 100 students attended the
class including 20 working professionals enrolled through Continuing
Education. With this offering, remoie sensing had become a permanent
part of the University ouwriculum at an interdasciplinayy level. Remote
sensing was taught previously as a temporary course in the Geography
Department.

The Northern Calafornia Technology Transfer Project (D. Hankins, Prin-
cipal Investigator), through the NASA Ames Research Centey, provided major
support for the course in the form of several guest speakers and laboratory
amagery. This paper 15 prepared to describe the course and document NASA's
support and involvement.

COURSE OBJECTIVES AND OVERVIEW

The course 15 designed as an introduction to remote sensing technology
and applications. The lecture portion i1s two quarter units and the optional
workshop section or "lab!" i1s one quarter unit. Students need not possess a
background in Physics or higher Math to understand the course. An orientation
to Geography or other earth sciences 1s a valuable asset for students in the
class. .

The first half of the class (six weeks) addresses the technology of
remote sensing including simple devices (aerial cameras) and complex systems
(synthetic aperature radars). Daring the second haif of the course (four
weeks), applications of remote sensing as an inventory tool are discussed.
Barth Science disciplines,including Agriculture, Geography, Geology, Natural
Resources Management, and Water Resources Management, are addressed with re-
spect to inventory needs and application of remote sensing techniques.

IECTURE SUMMARY

The class met one evening o week for ten weeks. Two laboratory sections
met durang the day and one lab met after the lecture. The text for the course
was: Eye in the Sky by Dorothy Harper, Multiscience Publications Ltd. 1976.
169 pgs. The subjects of each presentation and names of presentors are listed
below; NASA provided all presenlers which are starred. Havang these guest
lectures greatly increased student interest and provided class attendees with
an opportunity to hear from people involved in a specific area of remote
sensing. These discipline experts provided by NASA gave very complete and
exciting presentations on Lhe application of remote sensing in their field
of study. -
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Session #

7
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Page 2

Subject Presentor

Introduction - Complete review of remote L., Fox
sensing concepts 1llustrated with slides.
Applications discussed within the frame-

work of various remote sensing systems.

The Electromagnetic spectrum and how to L, Fox
utilaize it for remote sensing. U.V.,

visible, reflected infrared, thermal infra-

red, and microwave radiation described in

terms of frequency, wavelength and systems

used to exploit each part of the spectrum.

The spectral gignature and implications L, Fox
for multi-spectral remote sensing. Several
1llustrations of spectral signatures using

color and color IR film. FExpansion of the
multi-concept in remote sensing; date, scale,
EeNsor.

Platforms: space and aircraft. Resultaing L. Fox
image characteristics, scale, resolution.

Summary of the characteristics of conven-

tional aircraft, U-2, and satellite (Land-

sat, Skylab) imagery.

Application in Agriculiure, Range, and Wild- L. Fox
life Management. Examples of useful remotle

sensing techniques in: 1) Agricultural in-
ventory {multi-temporal imagery, Landsat

anventory -~ IACIE); 2) Range assessment

(IR/red ratio as an indicator of biomass

low altitude photography, etc.); 3) Wild-

life Management, stressing habitat mappinge.

A) Application in Forestry. Examples of L. Fox
airphote anterpretation in forest inventory,

site analysis and timber management plan-~

ning. Use of ILandsat data for timber inven-

tory and land-use planming.

B) Applications in Land-lse Planning and N. Grabinskai:
urban studics.landsat as a data base for Young * (Caty
regional urban studies and land use planning. of Tacoma)

Computerized image analysis. Description J. Jeske *
of computerized data format, masks and (NASA Ames Research
other aunalysis techniques. FPhilosophy of Center)

image processing, supervised and unsuper-~
vised approaches.
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Sessich # Subject Presentor

8 Application 1n Geology, Image enhance- F, Sabans *
ment techniques, band ratio, contrast (Chevron 011 Corp.)
stretching. Orbital plateforms for the
regional perspective. Remote sensang
as a first stage to mineral snd oil
exploration.

9 A) Application in Climatology. Global E. Dpeger *
weather patterns, geosynchronous satellite {NOAA, NESS)
data.

B) Application in Oceanography. Remote R. Hodgson
sensing to provide synoptic view of the (Bumboldt State)
vast amount of information needed. Data
gathering by ship expensave and time
CO' suming.

10 Bnvironmmental Data Base Concept. Definition A. Snell *
of a computerized data base, inputs (geo- (COMARC)

logy map, soils survey, remoiely sensed
anformation on land cover) and outputs
(derived varigble maps such as erosion
potential, development suitability maps).

FINAL EXAM
TABORATORY SUMMARY

The purpose in lab was to provide students practical experience 1in
interpreting remote sensing imagery and to grve them a chance to complete
1llustrative exercises using many of the concepts presented in lectured
The elements of imape interpretation were introduced in the first lab
using conventional color photography. Basics of stereo viewing were pre-
sented and practiced.

Iab two was devoted to an exercise in which the students were re-
quired to view low altitude panchromatic photos as a multi-spectral scamner
would., Kach student was able to see how a pixel grad is placed over
the landscape and what digital numbers represent for various features.

The process of evalualing a multi-spectral classification was covered in
lab three. Scanner classes were compared to "truth" in a contingency
table. Simulated mylii-spectral scanner data was graphed to gain a greater
understanding of the concept of “spectral signature."

Lab four was used for image interpretation (U-2, color-IR photo-
graphy}. Iundscape characteristics and features were pointed out and
discussed relative to several disciplines. A land use map was constructed
1in lab five using Anderson's system (USGS) and U-2, color-IR photography
Frosted acetate was placed over the U-2 photo and the land use class
boundaries were traced in pencil,
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Computer analysis procedures were covered in lab six and seven.
False eolor addaitive viewing was combined with single band Iandsat image
interpretation in six. Iab seven siressed the use of decision algorithms
1 a multi-spectral framework. Students were able to define a level slice
and classify simulated scanner data.

Radar data was interpreted in lab eight for several land cover types
and landscape features.r Iab nine was devoted to a practical exam reviewing
all of the material covered previcusly. Several stations were set-up
throughout the lab and students circulated to complete the open book/notes
exam.
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REMOTE SENSING IN LATIN AMERICA

Introduction

While remote sensing activities have become a valusble tool in resource
management in developed countries they are a necessity for the wise manage-
ment of natural resources in developing nations. With the increasing global
scareity of natural resources, underdeveloped nations are confronted with
both externsl and internal pressure to develop theirs, Often there are no
regulations or guidelines in the proper management of these valuable resour-
ces nor is there much information to draw upon. In the past this lack of
informafron has gaven individual compamies the ability fo over exploit
valuable mesources and destroy the natural ecobogy of the area. The appli-~
cation of sophisticated remote sensing technology not only provides a quick
and efficient way to lcocate valuable resources, but it gives those concerned
e data base towork from tu serve as a baseline for intensive management pro-
granms,

The advantages of satellite imagery are numerous and obvious, such as
the production of a regional or national land classification map, the ability
to cover large inaccessable areas, the sbility to monmitor an area through re-
peated cbservations, and the ability to interprete and inventory areas guickly
and efficiently using digital processing technigues, to mention a few. ILeas
vwell understood are the dificulties confronted by developing nations in apply-
ing this technology. Latin America provides good examples of the potential
use of and the problems associated wath the application of this technology.
This paper will firxst concern itself with the difficulties associated with
the application of remote sensing technology and then will review current and

recent projects in Latin American Netions.
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Difficulties Confronted by Underdeveloped Countries

One of the first obsticles to overcome in the initiationcof a remote
sensing program is the inatial capatal outlay for the technology snd the
training of the techmicians to apply 1t. fhis s eapecially a problem in
underdeveloped nations where little eapital 1s avialable waithin the country
and the govemnment must look to foreign sources, As the potential advantages
in the application of remote sensing become clesrer internationsl loans and
grants are becoming more readily available. For example the Inter-American
Development Bank has put 5.2 million dollars into remote sensing activities
over the past five years (as of 1978) and anticipates doubling that amount
with a series of new landsat projects in several Central and South American
countries (Aviation 1978).

Because most underdeveloped nations are a long ways from the sources of
remote sensing technology in the United States and Western Burope the mainte-
nance of the equipment and training of the techmicians presents a problem.
Brazil's space agency, the Instituto de Pesquisas Espaciais (INPE) had many
problems with their Landsat programs during its first couple years of exisi-
ence because film, replacement equipment, and other supplies had to come from
the United States. '

Another geographical problem is the variation in the areas being studaed.
Most remote sensing systems have been developed and tested in fairly develop-
ed temperate areas. On top of that the training segyions are often held in
this type of areas, or in select centralized training centers (Cbntiz 1977},
Agriculture takes a different form in underdeveloped nations with the farlds
being smaller and more dispersed, This remote sensing techuology must not
only be applied to, but studied and tested an these areas., A change from

15 needed
centralized training progrmas to achsduled regional onegy, This would resull
1n sessions more orierted twoard the concerns of the local area with on~the-

spot application offhe technology and more local ainvolvement. At times when

[
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vhen a trainee returns from one of the foreign training sessions this "“foreign
training” has quilified him/her for promotion to a different non-remote sensing
sob (Conitz 1977).

Individual countries should also be encouraged to develop remote sensing
capabilities that will result in local analysis of the data rather than con-
tracting it out to organizations in industrialized nations. The FAQ has been
critaped for employing non-local people to obtain ground truth data and foreign
experts for the interpretation of this data,

Concern exists in the develoring countries that there 1s no firm assurance
that programs such as Landsat will be continued beyond the technology demonstra-
ti1on phase., The impressive amount of remotely senséd data of earth resources
of the developing nations in the past came about principally because the satel-
lites used had on-board recording systems. A number of the newer satellites
will not have thas and probably will not provide earth resource data of those
developing nations outside the rapge of a ground station. Im part1cu1ar,++“ﬂse'
developing nations will not derive any dairect benefit from the Heat Capacaty
¥gaping Mission (HCMM), the coherent imaging redar portion of SEASAT~%, nor
the Earth Observation Sztellite (EROS) (Abiodun 1977}. With the ground receiv-
ing stafion ain Brazal this should not be a concern an most Latin American «a
Nations,

Except for a few countries, most Labin American governmentsare controlled
by military dictatorships which presents additional problems. As the bene-
fits of remotely sensed data become evident and political officials realize

pepresedts
that the decalasification of such data as Landsat exrgsalmost no threat to the
national security, remote sensing techniques are becoming more accepied in
resource management. When Brazil became the first country to establish a
Landsat ground receivaing station, in 1974, security restrictions diaéted that

the data from the station be regarded as classified. Military approval of
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the applicants and their purposes was required before data could be made
available to domestic users., Foreign users, except NASA scientists, were
prochibited access entirely. On top of that the prices charged¢ by the Brazil-
ran agency in charge were so high as to discourage use. NABA threatened to
shut down the Landsat gatellite 1n the range of Brazil's station unlese other
countries were allowed sccess to the data at prices comparable to those
charged by the EROS data center in Sioux Fall, South Dakote. Since then
things have improved considerably with Landsat imagery now available tc any-
one at competitive prices (Hammond 1977).

A difficulty in the application of any new technology 1s the creation
of an appropriate awareness of its advantages and limitations. With the
unrestricted access to Landsat data = new breed of organizations are now
involved in the production of "beautiful™ %andsal images for use in resource
menzgement, Ofien these organizations have little knowledge of the local area
covered yet they still portray the use of remote sengifig techniques as the
Bole mnswer to many resource survey problems without acknowledging the impor-
tance of ground truthing. Many jobs are contracted out on the premise that
no locally oriented company could handle the sophisticated analyses. The
importance of ground truth by interpreters familiar with the area concerndd

must be stressedy (Ahiodun lcﬁf"),

Current Latin American Projects
Argenting
A five year project has been anitiated which includes the purchase of
equipment for a Landsat ground station and the training of 40 professionals
in interpretation of the data. The prace of the project could run up to 20
million dollars, part of which will come from & grant from the Inter-Ameri~
can Development Bank. Among the frist products will be & series of thematic

maps off Argentina's resourcea}(34VLih°“ f%?4=>a
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Bolivis

Under the management and coordination of the Bolivian ERTS progrim with-
an the bolivian Feological Survey (GECBOL), Bolavia is using Landsat -mages %o
obtain essential information about all 1ts natural resources. The mo:t import-
ant aspectsis the development of national thematice maps for resource planning
at both the regional and local level. Examples of where this newly fiund in-
formation can and 1s being applied is in geology where Londsat image:y 1s
helpful in the location of new minersl and petroleum deposits, and in hydro-
lolgy in the selection of areas for hydroelectric power and irrigatior deve-
lopment., landsat images are aslso being used for prelikinary design a1 the
selection of routes for highways and 011 pipelines.(Slee and Perkinson [977).

Landset 1mages in conjunction with aerial surveys have been provideng
basic information on all natural and cultural landscapes. This will serve as
a basic tool to meny Bolivian agencies. It provides information on the extent
and type of forest resources, Areas with extensive erosion have been identi-
fied and located for conservation organizations to coordinate rehabilitation.
The census office will be using this information to gquire data on the socaal,
geonomic, and geographic composition of the population (Aviation 1978).
Brazil '

Brazil has made the biggest strides in the application of landsat data.
In 1974 it constructed the first landsat ground receiving station outside of
the United States and Canada. It is administed by the Imstituto Nacionai
de Pesquisas Espaciais (INPE). Noe over 300 agencies 1o Brazil alone are
making use of the Landsat data, most of which are in the private sector,
Since Argentina plans to have i1ts own ground receiving station by 1980, for-
mal asgreements have already been made between the governments of hrgentina,
Brazil, and Chile fo coordinate data reception and distribution to avoid un-

necessery duplication of efforts {Aviation 1978).
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Another spphisticated remote mensing technology Brazil has dedicated
1tself to with great success is the application of airborne madar in the
reconnaissance of the Amazon Basin--the world's largest unknown wilderness.
This project is also under INPE and is known as Radam (for radar Amazon).
Essential i1n the Radam project is the extensive ground truthing of large areas
untouched by modern man, Involved is the establishment of small landing strips
and base camps 1n the remote parts of the Basin, From there helicopters ferry
crews out to sites choosen to be representive of a certain vegetation type.
First men with chainsaws sirapped to theair backs must be lowered to clear
a landing pad. They are followed by scientific crews to take soil, vegeta-
tion, rock,etc. smples., So little was previously known about the area that
a major nev tributary to the Amazon River hundreds of kitometers long was
discovered and mountain ranges indicated on 0ld maps turned out to be far from
their supposed locations. Formerly 1t was believed the ba81;:;overed by a
relatively homogeous rain forest, but RBadam has shown that anstead the area
is composed ogiwide ranging diverse group of ®oll, vegetation, and mineral

types (Hammond 1977).

Central American Group

Honduras, El Salvador, ‘Costa Rica, and Guatemala are coordinating thear
efforss having each country define and execute a pilot study of a partacular
aspect of its natural resources. Thas involves the use of Landsat images
complemented by aircraft data. A follow-up study will be the use of Landsat
3's thermal infrared data to help locate potential geothermal energy sources
(Aviation 1978).

Colombisg

Because of the clouds that persistantly cover many areas of the country,

remote sensing activities have centered around the use of radar along with

Landsat. Most of these activities are coordinated through the Inter-Ameri-

4
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can Photo Interpretation Center (CIAF) in Bogotd. '

To sptudy the inundation of the lower MHagdalena-Caunca élggg‘b331n in the

northern part of the country Landsat images taken at different tames durbig
wete used

flood states Thas in conjunction with radar imagery provided information

on drainage conditions, sedimentation patterns, and land use.(Slee and Perkin-

son 1977). CIAF also found success in discriminating select commercial valu-

able trees using airborne sidelooking radar although others must await develop-

ment improved Tdvhnology (Slee and Perkinscn 1977).

Mexico

Mexico's development of remote sensing activities dates back to 1965 with
a series of agreements between the United States space agency and its hexican
counterpart, the National Commission on Outer Space {CONEE). Their most ambi-
tious project involves the National Water Plan which has required an inventory
of ex;gixng 1an%~fo;“;he entire country, Included in thias is the identifica~-
tion of those areas with high, medium, or low agricultural and pasture poten~
t1al as well as water erosion risk, Thias was accomplished with success through
the use of Landsat imagery, aeriel surveys, and ground trughing.

The feeling 1s that there 1s much potential in the application of remote
sensing technology yet efforts need to be made to "show, prove, and 1lliustrate
results” to convince people that these activities ghould be expanded (Slee
and perkinson 1977},

Peru

A project involving the use of Landsat data, aerial photos, and on the

ground coverage to identify ahd.locate the Agusje Falm (Beuritia flexuosa)

and other forest associations has recently been completed with great success.
This study provides a good example of the advantages of using Landsat imagery

over more conventional remote sensing techniques and the direction that

o sfs

should be taken in the management of a limited natural resourc%g(Daﬂpy and Sed )
1978),
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The Aguaje Palm of the lowland aress of the tropical forest region of
eastern Peru has recently been found to have a high potential value as &
domestic source of pslm 011, edible food products for humen and livestock
consumption, and lignocellulose for woodpulp and paper production. Instead of
Junping right anto a program of exploiting this newly found resource for
quick economic returns the Peruvian goverament had an inventory of the resource
and 1ts growing conditions mede. From this a master plan was developed to
insure a minimal ampact on the natural scology of the arez and a continual
supply of this resource an the future. Ozi;?Landsat could such a study in
a short enough time 1o keep the delay an utilizing the palms within accept-
able lamits e possible. Of the 200 million Ha, of predominantly roadless
tropical forest only two percent ie occupied by the Agumje Falm. The general
coverage of the area by airplane was not preeiital because tlear days were too
scarce to justify keeping mirplanes on standby.

The Aguaje Palm does lend intself easaly for study using satellate data.
Where az most tropicel forest communities are made-up of pany species, the
Aguaje Palm is generally found in monospecific stands of more than 25C0
hectacres in si,e. This, however, should not discount in itself the feasi-
bility of applying Landsat ;magery to the study of other gpecies of interest,
Not only is there a high species diversity in tropical forested regions but a
wide variety of distinet plant communities with their characterastic reflect-
ance signatures. It is not important to be able to discriminate the species
of interest with Landsat but to discriminate the community of which this
species 18 & part.

Another aspect of this study was a comparison between the manual anter-
pretation of Landsat date using s drazo machine to create false-color com-
podlb jwages 1mages, and digital processing techniques. Manual interpreta-
tion is important in developing countries where the aparatueZig often not

available for the applicstion of more sophisticated techniques, Also people

unfamiliar with computers can relate better to some sort of image which has
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not involved the computer for its production., The authors found that ddspite
the advantages associated with the manusl i1nterpretation of satellite i1magery
the advantages in the quality of the product and the efficiency of digital
processing warrent "further testing, evaluation, and consideration for eventual
operational employment in the type of application presented in this paper”
(Danjoy and Sadowski 1978).
Conclusion

Despite the sophistication of the techmology involved and the price tap

associated with 2t there 1s an important need for advanced remoie sensing

technlques in developing countries, get concern must be taken to make sure it

1s utilized most appropriately for the iﬂﬂiﬁiﬂﬁ#ﬁ/ﬂﬁﬁﬂﬁ/ﬁf anformational needs
(1nc1ud1ng proper ground truthing)
of those concerne?% In the past the Exploitation of resocurces in developing
countries has often been a process of extracting them in the shortest amount
of time to realize the greatest capital gains. The application of remote
sensaing technology has the potential of becoming a valuable tool in changing
this stiraight forward exploitation attitude to one of wise management for
the rest of

future use with a minimal aimpact oa«?he environment. Examples where this tech-
nology has been put to such ends were found in many Latin American Nations.

The Landsat program notionly provides the capabilities for a develop-
ing nation to gather resource information at the regional or national level
in a relatively short amount of time and monitor the changes by repeated
coverage, but also provides political incentive for these nations to manage
their resources wisely. PFunding 1s usually needed to execute such a project
usually
whic?ﬂmust come from an international source. Also just because a progject
involves satellite imagery there 18 much international interest in it. This
u
therefore opengthese progectsg;o the serutiny of developed nations who, after

wy

exploiting thelgi, realize better the value of ones natural resources.
Hopefully as'the use of such information gathering tools becomes more wide~

spread blind projecis (such as the trans-Amazon highway) will become a thing

of the past.

#1



(10)
Bibvliography

Abiodun, Adigun Ade 1977, The transfer of remote sensing technology in the
developing nations-~an observation. Eleventh International Symposium
on Remote Sensing of Environment, Amn Arbor, Michigan. Airll 25-29
1977. p. 339-347.

Aviation Veek 1978. Latin Amerac Alters View on Landsat. Aviation Week &
Space Technology, July 17,1978, p. 16-17.

Conitz, Merri1ll W. 1977. Remote sensing utilization of developing countries:
&n appropriate technology. Eleventh International Symposium on Remote
Sensing of Environment, Ann Arbor Michigen. April 25-29, p. 1055-1064.

Danjoy, Walter A, and Franklain G. Sadowski 1978. Use of Landsat in the study
of forest claasification in the tropical jungle. Symposium on the use of
remote sensang by satellaites for agricultural development in Latin America.
May 30, 1978.

Hammond, &llen L. 1977. Remote Sensing I, II, IIT. Science 196:511.

Sadowski, Franklin G. 1978. The promises of remote sensing for forestry ain
developing countries. Symposium on the use of remote sensing by satel-
lites for agricultural development in Latin America. May 30, 1978.

Slee, Louis F, and Jesse Déan Perkinson 1977. Via Satellite. Americas 28

NO- 1 :19“300



Western Regional
Applications Program
Training Certificate

Applied Remote Sensing Training 1

Completed by

Acting Chief
User Applications Branch
Ames Research Center

9




APPENDIX 1I

Documentation* Faculty Invelvement and Professional
Development in Remote Sensing as a
Result of Grant Activities

:é-

Memoranda, Agendas, Materials for HSU Faculty Workshops

%

Proposed Paper, "The Use of, Guided Clustering Techniques
to Analvze Landsat Data for Mapping of Forest Land Condi-
t1on in Northern California" by Dr. Lawrence Fox III and
Kenrieth E Mayer

e

Trin Report of Dr. Lawrence Fox III

*

Evaluations of Dr. Rogert Hodgson



Amenican Indian
Languages and Literature
Program

Assistance 10 Northwest
Indian Cemaetery
Protective Ass'n

Community Education
Project

Humboldt Co
Recreation Project

Indian Mainstream
Industries Project

Inthan Manpower
Development Project
{CE T A Title i Prime
Sponsarship)

Kotim Een Karuk
Ceremonial Society

Retired Semor
Valunteer Program
{Action RSVP)

Senior Nutrition
Project

Student AMA American
indian Health Project

Wood for Seniors
Project
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IERTILNTIN G R

DATE: October 5, 1977
DBH-77-Mdorkshop

T0: Project Leaders and
Project Staff )

.Gﬁ—-

FROM: Donna B. Hankins | [f7 |
Project Director

SUBJECT: Octaber 15, 1977, Workshop

To provide a better understanding of the technology of
Remote Sensing we are having a Workshop on Saturday,
October 15. It is designed to give each participant
basic knowledge regarding the technology and its appli-
cations in your discipline field.

The morning session will give an overview of the theo-
retical aspects of Remote Sensing. The afternoon will
be devoted to a series of exercises which will enable
each individual to utilize the information gained in
the morning.

Due to the Timited amount of time and materials we do
need to Timit the amount of participants. Those re-
ceiving this invitation are those who have been con-
tacted beforehand.

Enclosed please find the following:
1. Agenda for Workshop

2. Background information needed to be reviewed.

a. 0Olsen article on Photographic Interpre-
tation.
b. Definition of scale.

Also, please review (if possible) the July 1976 National
Geographic article on Landsat.

Looking forward to seeing you on: October 15

IN COOPERATION WITH CALIFORNIA'S NORTHWEST COUNTIES

A

TOM PARSONS

9:00 a.m. to 4.00 p.m.
Forestry, Rm. 203 (HSU)



OUTLINE FOR ONE DAY SHORT COURSE
ON REMOTE SENSING

Given Oct. 15,
Saturday in
Forestry 203

9:00 - 9:45 Theory of Automated Processing - Feature Space
vs. Image Space
9:50 - 11:15 Exercise - Two Channel Level Slice
11:30 - 12:15 Slide Presentation - The steps involved in processing
with interactive computers
LUNCH
1:15 - 2:00 Points of Field Data Collection
Review of Scale, Stereo Perception test
EROS Data Center - how to order
2:00 - 3:00 Exercise '~ Panchromatic photo-interpretation
(optional discussion on Landsat for those already
familiar with this)
3:00 - 4:00 Exercise - Low altitude, color photo interpretation
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By wHAT processes does man mterpret the enviranment that
surrounds lam through the images formed by reflected light® The ansiwers to this
question are only partially known Man has inocular miston and because of the
parallax dhsplacement of his i s he 1s able to vien thy norld stereoscopucally with
three-dimensional wision Tlns stercoscopic vision and assocuted depth perception
are important methods in the mterpretation of the envirenment Also, man gets
an oblique or angular view of most obyects he ohserves The experiences, training,
and education that an observer has developed i a lifetime of metwing his
sturronndings dimmsh mn value—and arc perhaps even a hindrance—when he
ohseroes and tries to mterpret a veriwal air photograph The photagraph s flat, or
two-dhmensional, unless vien ed stercoscopically In the black and white mode,
olects have no revealmg colars Olnects are imaged at greatly reduced scale
Finally, if the ohserver 1s looking at n vertical air phofograph, he is presented with
a nonobhque view of a world he can experience only from an arplane or spacecraft
As a resudt, some elements on the photograph avsisne a greater unportance in

image inlerpretalion

The mterpreter must pay speaal attention 10 ¢charactersties and clues wincl can
be tdentified on the image In the final analysts, although anyone can be trained
to read a photograph, a really good mterpreter has an almost infrative understanding
of the pecubar view presented to lum on the mazerny’ We can define photo-
wnte rpretation as the wenhfic ation of obects on photographs and the determmation
of their meaning or significunce In broader terms this defimtion applies to the

entive descipline of remote sensing

11-What is Photographic

Interpretation?

CHARLES E OLSON, JR

PHO1OCRAFING INTERPRETATION 15 defined by the Ame)s-
o Suciety of Photogrammetry {1980} oy "The act of
Dammimg photographc images for the purpese of 1den
tifving objects ad dgmg their sgaficance

Almaost every mdmnadua} engages in phatographic m-
terpretation Books  siewspapers, magazimes, bllboards
nid televion il offer photogaphs to ook at and with
¢ ich Iook the observer gans tdeas or unpressions abond
wimetlang These wdeas o impressions are actually
photograpiine interpretations  Such interpretations nsty
b usetonss oF  gnoomsGons, decarite or macconste,
complete or partial but mterprotabon v an essential part
of the process thiongh which mfotmation 15 oht uncd
om photegraphie images

A phn{ugm])hw mterpeter, or photomterpreter, 18 an
ticbidual specally tramed o skalled e photogaph
mterpetation Bec tise of s trumng or skall, the photo
il rpreter 1s better able to dentfy obpodts from then

Piépared tor 1969 Summer Shott Course mn Fundamentals of
Remota Sensing sl the Utiversily of Michigan, Ann Arbor,

Mich Reptinted with pemussion of the author

photog aphsc images and can maore aceurately and com-
pletely judge the significance of these objects than can
an unskilled or untramed observer

Photographs as Graphic Records

Civilization and man's abthity to communicate developed
together People may argue about the order in which
communication med develuped, but all agree that
drawmgs came early Man's finnt drowings may have
heen finger markimgs i the dirt which approximated the
shape of things that he had scen When some indication
of <z, or scale, was added, his drawings became more
meammnginl Color and indicattons of fur, hide, or texture
have been fond in early drawings of the cave man, mdi-
etng that the wportance of these qualities was recog-
mzed ot an early date As man and man's civilization
advanced, his alabty to communicate mmproved Lan-
guages hetame more expressive and drawings more
detaled Such things as shading and shadows, repetition
of patierns, and combmations of reluted features were
added These addutims improved his graphics, but man
was not satnfied He wanted a complete picture of what
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he had seen, and he kept searching for some wav to
record what his eye actually saw

The search for better graphic records led to the phato-
graphic process, but the road was a king one and prog-
ress was neither direct nor steady  Aristotde’s concern
with the nature of hght (approximately 384-322 n¢ )
was an early prelude to photography Actually, the word
“photagraphy” was denved from Greek and means “to
draw with light ”

A photograph is nething mors nor less than a graphsc
record of energy intensities

Today, und increasingly i the years o come, photo-
graphic interpreters should not limit their convideration
to mmnges or records produced with visible light A
photograph records the intensity of energy received at
the focal plane of the taking camera By varying the
characterstics of the recording system, we can obtain
reeords representing wavelengths of cnergy in man
parts of the electromagnenc spectrum Eaeh pat of the
electromagnetic spectrum can provide useful mformation,
and most photographic mierpreters wall have to work
with graphic records from several parts of e speclium
Their field of mterest includes the entire electromagnetic
spectrum and the images that can be produced with
many sensors Unfortunately, the mochuomes mivehod m
chtaning the photograplue, or just grapht, mage s fiom
severad senvors cause s to lose aght of the b satu-
ation that nought these sensors mto exsstence  Man's
search for better graphie records b to pliotagapin
“and any photograph, v gardlew, of its organ or the ty
of fmages displaged, Is nothing mosre nor lesy than a
graphic veeord

Elements of Photographic Interpretation

Pliotogiaphie recards come i many shapes and sizes
and reprosent enesgy m omany paits of the spechum
Phatograplne miterpictalion s cssontl o the effccine
use of these records, dd mterpreters should be prepared
to handle them Interpretation of tese varisd 1ecods s
not as difhicnlt as 3t may appear, for e elemnts ol
pliotographtc interpretation apply to all graphie recnds
regadloss of the nature of the swonang svstam that pao-
duced them o the portion of the electiom e tic spi
trum represonied While a thorugh knowlodge of de
characterntices of the sensmg swatem s of mnmemnse « de,
wterpretutions of graphie recortds e alwavs hwed on
one or more spectfic properties of the mages moakaing up
the tecord at hand  1hese prapertes ae somelimes
called elements of photograplue mterprctation for mtes-
pretation of photogaphic records 1equires ether con-
scious o wcomsaaons constderstion of one or mon of
them, and pielernbly of all of them (Olsn 1960} "

Nume elements of photogr phic mterpretation are de-
senbed e the followmg paagapln The dinscusson 1
not wtended to T exhaustive for a sepan ite ook conld
be wnlten about each of them  Appicontion ol the
mpottance of these elements grows with espononc
and practiee

b Shape The shape m farm of some alig s i s dis
tmednve tat then mages mov beadontificd sulehy from
ths atenion The Pantagon Mulding ne v Washmgton
DC, 1 a dassie evimple

2 Size In many cases, length, width, height wea
and/or volume are essential to accur de and completc
mterpretation The volume of wood whub (oskl be cut
from the stand m Figure 1 v dependent upon tice size
stand density, and size {or area) of the sand

3 Tone Dafferent ohpecis refleet ud ot didfna
amowunts and wavelengthy of energy  Feve deltervmes
are recorded as tonal, color, or density vanations m the
recond The stand of mixed hardwoods shown i Ffygee
1 was photegraphed m Iate October at the peak of the
fall color change Species dilferences show cleardv an dit
ferent tones or shades of gray

4 Shadow Shadows can help or lander the e
preter, for they reveal invisible sithouettes but Tude some
detail Shadows in Figure 2 provide mformation on the
size and shape of this bwdding whah n not appasent
from the mage of the bhulding alone These saue
shadows obseure detal in the Lawva and sidewalk areas i
front of the building

5 Pattern Pattern, or vepehiion, v tharcboistic of
many manmade objects and of some natwal featuncs
The Land nse pattern shown m Figne 3 sty pieal of azcas
of deep, windblown snls Orchards and strip cropping
are particularly conspicaons becanse of pattern

6 Texture The visual mipressions of 1oughnes
smoothiness created by some mmages are often vuluable
thres m mterpretation. Tree size 18 often mtermeted on
the basws of apparent todture Smoath velvety testures
are commonly assocnited with youngr saplings, wlile
wngher, cobbled textures witally ndicate older trees of
saw tanber uze

7 Site The locaton of obpects with respeet to enam
featmes or other objects i often helpful Hiwe opon pond
andd the Hatness of the weo v of dark-tored v getation m
brgme 1 hoth mdic ve a0 contferons sswomp T this are
of Nhdugan northenn white cedar babam i il Dladck
sprice e the prodommant swamp comters The stind
shown here i actualh a mictare of these specics

8 Assocation Seme obpects ae commondy avsocnod
with other objects that vue tends o nedcate o conhim
the other In Fiygue 5 the two tall smokostacks lage
bulding  coal pades convevory and eoolisg towers e
vhrvuasly related  Thiy combmation and o angen nd
of fontmes adontity the mstallatum as & themd
power plant

9 Resoluton, Resolutun depends an mans things
but st always places a practicel bt on widguetation
Some objects are oo waddl or otherwine lckimg o form
a distimet image on the photugiaph Fhe Like i Figuie 6
shows some miteresting tonal plterns but the evact b a-
tio of the shorchne o not visible abong mach of the
boundary of the Lake The Jdanelne Luled to rosolve be-
case of wsufficent tonal contrast betwoonr wldpcont
Laind and water wnfaces

Note that stven atems on thiss hat arc quahtics thit
man developed s cuby drawmps The fast theee
s ate mmpolant to stapretation hee une they tend
to mtegrate or set mits on the others In 1951, Colwedl
presented o Lonene statenwe nt showing how mte gralon
of mterpietations of several pliotograph mnages could
lead 1o acctrate mtapetatund of condibons pot duectly
visible m the photagiaph He called tloy approah the
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Fipure § Panchromatic minus blue photagraph of mixed Figure 4 Black spruce, horthern white cedar, and balsam
hardwood stand al the peak of the fall color change fir i swampy area ' Leelanau County, Michigan (Um
Liphtest toned tree crowns are sugar maple, dark-loned versity of Hlinois)

crowns are prneraliy oak {University of Hhinois)

L R

Figure 2 The <hadow of this building shows the steeple Figure 5 Thermal power plant at the University of tthnos
prre clearly than does the image of the steeple itself {University of Hlinois)
(Universily of 1thinoss)

Figure 8 Shallow water revealed by tonal contrast, al
Figure 3 Land use pattern on loess in Calhoun County, though exact shoreline is not resoived, Leslanau County,
tamls (US DAY Michigan (Uneversity of Hhinois}
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convergence of evidence Integration of several of the
elements of photographic interpretation s essential to
any laterpretation and contributes to the convergence-
of-evidence frame of mind Association, in particular, 1
closely related to this convergence-of-evidence concept

The Philosophy of Photographic Interpretation
In recent years, photographic interpretation has heen
called a new natural science (Lueder, 1059, 1961) An
increasing volume of lterature has appeared, and s
appearing, that attempts to establish rules or procedures
for photointerpretation {Kedar, 1958, Lueder, 1959,
Stone, 1956}, However, no single, best method of pro-
cedure has evolved which 15 acceptable to even a mapwr-
ity of photointerpreters Jt is generaily agreed that the
interpreter should work methodically, should proceed
from general oonsiderations o specific detusls, and
should proceed from known to unknown features (Stone,
1058) Methodical work and interpretuton of known
features before evaluating the new and unknown fea-
tures are almost axiomatic i saentific endeavors Pro-
ceeding from general 1o specific considerations is also
desirable as long a3 the considerations of gencral (some-
Hmes called regional) features do nat bias the interpreta-
tion of the specifics Specific, local consideratiuns often
provide the evidence needed to complete ar confinn the
broader regional pattern In most cases, genesnl and
specific features must be conidered togather To say
that one must come hefore the other can he mileadig
To go further than this and propose that mterpretution
should proceed from une specific group of featmes to
another 15 an unwarrsnted Chamelization of the muite
variaticn that the phatuinterpreter encounters

Dramnage, landform, vegetation, and man's aclivilies
are thoroughly scrambled i most photographs, and cach
feature may be indicative of the natuie of the othes For
this reason, the photomteipreter should be terram-
conscions m the broad sense of tervam e shankd under-
stand that the images he mterprels mabe up 4 lerram
and that the terram e deals wath i o complen sones of
mterrelated features academically catalopued a8 age-
culture, botany, geology, engmeerng ete The mapor-
tance of these mterrelabionshipy was dearly evprewed hy
C H Sommenon (1954) when he wud

The subjt ot matter of the pholomterpretor i s liroadl
as the earth itself, upon the carths surface 1 a tr-
mendously vaned pattern of natoral fo duns, upon
which man has supimnposed an erqually vaned cubinral
pattem:  , Where there are so many vind obpedts to
be considered, our Arst mehnation w to classifv Class-
fcatwon iy wdeed nccessary, but b nust always he
remembered that groupmgs are maumnade  and not
natural Conclustons hised on cmpincal wdontafica-
tions of solated elements i a terram may often b very
inaccurate The knowledge that no rogion v 1 stutie
thing greatly aids the mterpriter i his suiedostandhng of
the terram

Because aenal photographs 1ecord nnages of alb types
of terran features, photomnterpetation has become o val-
uable tool in each of the earth scrences, and m weral
other fields as well Iowever, pliotomterpietalion cannet
be confined to geology, forestry, soils, or uny single field

and remain effective The photomterpreter must vy,
all of the factors making up any terram cven why,
special interest may be divectly solely o geulogy §, |
trv, agronomy, or engmeanmg Failure o give ady gy,
consideration to all aspects of a teerain v o wigor (.,
of misinterpretations Belcher (1957) put ot thy
durng a discussion of correlations hetweon mans o
ity and his environment

the average mterpreter dows it know g0
things and he docsnt raalize his lack of knowhdp g
he places two lements of the environnknt togcthor
pulls a boner, it sn't becawe the environmuent 15 w oy,
instead it's Decawse there were three other vlenwnts th g
be ignored or didn't know were there.

‘The Photographic Interpretution Process
Photographic terpretation is a deductive process iyl
features that can be recoganzed and sdentified du i
lead the photainterpreter to the whentification el 1.,
tion of other features m the terrain under consderanan
Even though ail aspedts of a terram are nreversthh g
tertwined, the photointerpreter must start some il
He can't comider dvamage, landform, vegetationy, ad
manmade features simultaneously Ile must stait wal,
one feature or gronp of features and then go on toe
others, mtegrating each of the facels of the terrasm w
goes Inall probabslity, e one stagting pot will satish
or be hest fin, all imnterpreters or for any one micipieg
all of the time For cach terrum, the inlerpreter mingsi lanl
his own punt of heginnmng and then consider cachi of
varwus aspicts of the teerum i Jogreal faslion

The dednciive process which s photographie inbespa
tation 1equires conse s or inenns s considoatin ol
the elements of photograplne saterpretation Jstud « ula
The complstenesys and acenracy of photoustaprel dnm
are propothional to the mtapreter’s undestandog of
how and why photograplioc unages show e sin
tone, shadow, pattern and texture, whide an undesstaod
mg af ste, wsoction and sesolution shongthens the
mterpreters ahality 1o ategrate the diffesent bt
makig up o torram For the begimumg mitcnnolon s
tematze constderation of the elements of phatog ipha
uerpre tation should precede mtegratad tenan 1o
pretetion Mastery of the elements of photographu
teapretation 15 seldom posailble lowovr hefore 1l
mterpreter gams  considerable owperinee o oo
milerpeetation

Photographic Interpretation and Photogrammetry
Interest m photomterpnetation has beeon stmalatcd du
mg the last 15 years, or more, by oubstantling suceesses
aclueved throngh photonterpretaium of aenal photog
vaphy for nulity and ondhan parposes. Wathout ey
tion, carhy and comtimumy development of insdriaaents
perimttng  prease messarcine st and  mappsg from
acrial phatogiaphs contnbuted to those photomterpreta
tront siceesses Since these nntimaants are usially con
sudered toods of phologiammebin at s some times cdifln nlt
to dintingush hetween  photogiammetts and plasto
graphic mterpretation

Photogr amme try s dediied by the Amencan Socety of
Photogrammetry (1960) av “The science or art of ob-
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tamng rehable me winemcnts by me s of photographs ™

Photographic mitciprc tation was defincd by the same
source at the begmumge of those nntes av The wt of
exammming photags iplne umages for the parpese of wdon-
ffying olyects and mdmne then stgefic wice

From these defindions it JJear that the photes am-
metrst (as the specndnt m photoge vimmetey s Cilled)
15 primanly concerned with moasanmg and the photo-
mtorprete r with wdentfving d udamg ugmbicance Tt
should s be oo that the photogiammic bt ¢ amaot
make o meastremont adow hie first identifies what he s
gomyg to measme and that the photantapcter mad
often me wire fo arnne at o final wdentification and his
pachane ut of ugmbicanoe

tnterpretation of Asnal Photographs

Vertwal acnd photographs—those taken with the opti-
wal axin of the tamora poted serficalh downwands
toward the ¢ ath— e the most common griphic reconds
enconntored In pliotamtapictarny His does ot mean
lh.l! verhical photographs arc afwavs best for mnterpacta-
ton pimposes Tor oblygne photograpbs can provide
tremendous amonats of mlmation 1 st happens thd
the ads intiges of svartcal photographs b phologr i
el mapgnng prsposes e so greead, aid tie anount
of mapping photogs ipha so plentiful that catical phato
graphy are mote e adibv av wlable thae all other bypes of
acral e

Interpretation of vertical aenal photographs 15 some-
times difficult for the bopmnr Paovone s nsed o the
oblupue perpecine Bt we soe eveny iy wath o own
eyeballs bt the plan view obsorved whon Jooking diown
on the tops of objects o much less famihr Bemg Joss
famihas, e plan view mam obpocts ue more ddRealt 1o
wleatdy  from vatwal than bom oblepie an phiotos
Despre s conrect integration of Jdncs gamecd from an
assessme il of the mue domonts of it oo mea-
tioned carhier Gan Jead to consistently acomnite sofis
Briel fooks nt how cach of the clemeants of alaprotaton
can contpthute to cortert mtaapotations tollae  The dis-
anson v wal mtended to be exhnstine and some ele-
menty are teated at gee da length than others Taken
together however they provide o startmg pomt from
which mterprcbdum of the compley intenelationships
portraved in aeual photogiaphs ean bhegin

Shape
One of the mod outstanting oy imples of shape as
factor in wderpretation s beed i the almost instantan-
cous 1ecugnitton of (he Perdagon Bmdding e Washmg-
tom DO betanse of sty shape AN shiipes ae oot thas
dognostic but aveny shape » of agmifeance to the
photamaphic miepraer Stated another way “The shape
of un mige i1 fwetor it e mterproier should eom-
stder wha i interpas tingg that anage

Consideration of shape should mohede conaderation
of tatal form Reline propentions of kength to wadth
hewlit to tength or waudtle cfe e just o impoatant as
woner hized onthies seen we plan e pohle view

Whon geomdine shapes e presnt man’s achioty i
ihntost wavs mdioifad Ssomcnn stiaght ;o perpen
choulay foms e 1 e v dme bat deocct i geologu

fetures such as domes faults, and bedding planes Also,
olid fize s oy and sterm damage can gine e o straaght
wid ‘ot gular boundaries between vegetative-types In
any case, the presence or absence of defimte shapes
should be observed and noted by the mterpreter

I mear Treatur s

Laneas festures—those that are eeepiomadly long com-
pared to thes width—are some of the most obvious
magies m phstographs Roads, raroads, power lines,
and streqmy are some of the most mportant of these,
hut the mtcepreter needs to be aleat o even the less ob-
vian hncar ehoments mothe teriam he i mterpreting
Even dotmgunhiog botweon the more obvions hnear
clements prosents some difficuliies, bat the following
olsery atwns may be he pful

Railroach are ¢haadlerized By broad sweepmg carves
and the complote absence of shap corners, exeept at
crassen ers which are rcdatinely rare Grades are relatively
ilat, when compacd with highwavs and cuts and il
an crnmon e oroadbed s contimus and brdges will
boprosvant whee the wdroad crosses sheams and wg-
mificant ravies

ghuayps and aonds resemble tifroads but have
shup eomers wd ughi-angle mtersechomns Grades are
steeper thar with riohaads, and nghiv avs tend to follow
the contour of the memd with fewer cats and fills
Budges e coommon (wheae needed), hut many small
shieams have earth-All ove codverts mstead of hidges
When side by side, highway s often swing avay from the
satlroad gomg through small towns, hut the ralroad asu-
My groes strapeht tieoagly While it s ttue that the newer
supe rhghw ass have gade and ahigoment eluractensties
resembling radroads  the dual tmes with wide medan
stips and the presencc of cloverleaf mterchanges permat
ready mlerpetation m almost ol cases

Llrutnie transmission lnes are straight, or composed
of stragght segments, and tend to cross the terrain wath
o reforence o topography  Trees are deared from
righits-of-way and this laves a narrow, hut distinctive,
seirr though forcsted arcas Sometimes poles or pylms
are wistble, bt not o e smaller seales often encoun-
tered by the phiotomterpreter Pale keatems cn some-
tmes b wlentsfied from the mound of sulisont feft after
diggng the postlioles In same caves, the wires them-
stlves can be seen even at sodes s small as 1 20,000
Flectine transmmssion lines ioss stcims and  ravines
without brdges, but mamtenance roads may be viable
along the othoowse ddear pole Iine

Gas pipe lines resemble clectrie transmission lines, but
seldom hav e maintenanee roads along them and are less
vhlivions to kpogiaphy A continuons Hne of subsoll, left
ater diggmge the ditch for the pipe, persists as a distine-
thve foature T vears In some areas, pipelmes can be
seert mn acital photographs as hght-toned streaks <rossing
caort fields even thongh the photographs were taken
mare than ten vears afta the pipeline was constructed
bacen where ¢ropgng s contmuous, the v distarbance
assatated with the pipeline produces different hght re-
e tatace s than the andisturled areas adppcent to st, and
those may well persist for more than ten years To sm-
phfy tumnching snder ¢ xsting roads, pipelines often bend
sharply towards the road just hefore the point where the
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tunneling begins This jog 1n the path of the Imear fea-
ture is rare with power hnes

Fence lines are difficult to «dentify except when land
use is different on the two sides of the fence Once land
use has been established for a long period of time the
fence bnes may be quite ohwvious m aenal phatographs
even decades after the land use pattern has been aban
doned This is particulurly true of old farms that have
been planted to trees or allowed to reseed naturally

Streams are seldom confused with other linear fea-
tures because of thew wregular shape, varying wadth,
and complete dependence on topography

Dratnage ditches are common m flat Tainds and are
wsnally easy to separate from natural stieams because of
their distinet tendency to be stunght and have unform
width A trul of dredged matenal may be viuble on one
or both hanks of the ditch Some confusion may arise
where existing stream channels are Improved to faalitate
drainage, with or wathont a realignment of the channed,
hut careful conwderntum of the total diamiage patlern
usually indwates the true wtualion  In some areas,
ditches are used to transport wrigation w iter from moun-
tamn reservoin to dryer valleys and plans In these val-
leys, sengation ditches may resenible the diamage ditches
of other arcas Once agatn complete comside ration of the
dramagre system {or wagation swstem) wall dlear the ar

Geologie faults are linear foatures that « e be qute
obviows, when promanent sock stroctures e bune ded
ar yoads displaced In othor cases and ovpoondhy afier
extensine weathermg  fualts miiy e vens dfficnlt 1o
recognize

Dams are shorter than the featmes dineassed ahene,
but mav well be mentioned ut ths pomt Steaght or
smoothly curving sectons of shorehne should e studud
arefully to be wire that that piece of heach van't actnalh
the dam that idicates o nofica] Like as apposced 1o a
natural one The prosence of the dam many e e the
work of muan aned suggge ot cther mamnnde le s an the
same area [loweser all dams ane ool mgnmale ad
beaver dams mote than aomde i lowgth ae hnovwn

Tree Species

Shape 1 often an ad mocpreling boe spocas, fm
bBranchmg habats and total Torm vy Diom geias (o
genns, and i seme caves betwern speces witlin a
genus Shadows often provude a profile view wiiach helps
m tree wdentific ation

Senl Texture

Sont texture cau often be de termined Tem acaral photo-
graphs of careful attenhion s pad to the Goss sechional
shape of the small gulbies that ve prosent Sevoral Te-
tors Juve to be tonsaidered and st Cey e mhe enos,
espocially whe n hadpaus or abiapt changes mosend Lo
ture with dopth poduce compamid gathy shaps

Size

The fas t that some obyects we Digggar thin others should
need no special mention but begaoning mlopeters
often finget that rehibne sizcs of dedfoeent obgeots i a
sngle photogn ph can povide s dinable dites Some ob-
jects are teachly Wentihable and « m be vseed as gosdes
to the approsin e swzes of other obyedds that e not so

eavly recogmzed In mam cases however relatne uze
15 not enough and the mterpreter must use some of the
techmques of the photogiammetnst bhese wall not be
discussed m detay], but some mdication of the possibilitisc
seems i order

Dutance

The dsstanve between twa pomts, or the length of an
obpcl, can be determned from an acral photograph
The accuracy of such measurements 5 a fanction of
photo scale and the acomues of the photo measimeny nt
On standard USDA photogiaphy ot a scale of B 20,000
a tareful nterproter can ssually determme distunces to
an accuracy of approvmateh v 5 fret When the ends
of the distance (s) measuid e at igmficanth. different
geomnd elevatums, dcenacy mually decreases

Height

The heyghts of olyects o differences m elevatioi be
tween geound pomts <an he determmed fiom air phalo
graphy Several methods are avarlable bat the hest »
that based upon hfferences w paralfax hetween twa
vertical photographs of an object taken from different
pomts m space Stereoscopic phatograply v equired
areful work ¢ provide spot T wht data (3¢, heapht
of @ tree or baddisg} accuate to witlm 0 /20000 of
the flymg height  Fapogriphu mappmg or conbinsnmg
can be performed to samewhat lower accuracy. Contour-
mg recpares contimtions detesmmatson of spot chvatum
atid v more difficalt than deteempung, the beight of o
sngle small object

Area

l')vI'ﬂ muiation of the wea of megulir pacels v mor
eastlv accomplished From vertical photographs than with
wonnd methath Actnacy s limaed by seale and sk,
Bl Tas heen fomud aeceptabic for most natural iosonne
pupases In sough terrain, st i often eastest 1o transfo
hatndaries from the photogiaphs o a planunetis map
ad then determine the wea of the pacels of mloet
Irom the myp houndaries

Volume

Many orgamzations sl kg quiantities of 1w mator
ks roulmels wse acral phiotoaplis to determme the
volume of matenal i open piles Photogeamme tocaliy
determmed valumes have proven woonrate enongh to
pemnit weful estmations of the quantity of the fimsbed
product produced hiv the plant

Fone
Fone whether the shade of grav moa black and winte
photograph or the combmation of Tae, chroma, and st
uration 11 .t color plotograph convevs moe infonmaiten
1 malcit, knowlodgeable fnterprcte s thae am otha
suigle element of aerpretation Tnalmeost i cases how
oven, b the difference m tone hetweoen objedts ar be
tweon an obgeed ud s bwkgound winds w uaporlant
In fuwt without o diffcrence wm tone hotweon the hadk
grotnd and the cdge of an obpdd thoe can he ne di-
te ctable imag

Relative tone can be e mtifiod By me g the
amotnt of lyht trasindted through o phttographe
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negative ar other G wisparency As the amount of silver
present mwcreases  the wmount of hght (e mvmitted de
creaves and we say that wi have o dowser or duker
toned pmage Micredenstome ters exst that can sean
photographs at reasennibly Togh rates of speed 1 the
output of such an mstrument were plotted for angle
scans acioss o phiotogiaph we maght got plots such a
those shown m Pygne 7 The total rainge of denuty 5
greater m tiace A than e B hut due 1o the uniform
chanige an depsity across the photogiph no images
would be detcetable mothe stap of the photomaph
reprosented by trace & The second tace (B shows two
district mages Motwe howeves, that the Jope of the
trace andicates that there o o much shaper change m
deaty at the edges of nnage voe than at the edges of
mage twn The shope of the ancradenstometcl hwe or
the eedge gradient (Fox, 19570 mdicatos tht image one
will be sharper and casier to sesobve than image two
Fhe second mmage maov blend wath s backgronnd and
appewr o a4 small hlole rathies than an olyccr of din
te t shape

Colwedl (1950 deserilnd the sgmficance of tone
wd edge grabent mo much the same {ulion when
he Bsted thiee prmary chardemnstus govormng the
rpnhty of phetoggeiphae wnages for phatomtametaton
e o were

I Tone contrast or “the dilfciences i hrightugss be
tween an mnage andits backgronnd

2 Image sharpnoss or Cthe abiuptness with which
the tone or color contrast appo s to take place on
the photograph '

A
;
e
A
a w/
Width of Film
B

g2

I VUi N

Image Image

, ona two

width of Film

‘Flzure T Potential mucrodensitometer traces at two dif-
v ot fucations

3 Stereoscopic parallax, or “the displacement of the
appartdt postion of v body with eespoct & o refer-
(e pomt or svstem cansed hy a shift ;n he pant
of observabion ”

Colaclls fast two charactensties have just seen dis-
cissed, and the thnd was mentioned m the remarks
under Si7c Height

i

Shadow

In additin to provihng a silhouette, the pn sence or
absence of shadows—and <hadow length—pr vides an
wmodrate mdex of the relatine height of &l sent ob
jects in a photograpls Shadows are often the be t ndica-
hon of rddatne hegghts of objects when lokag at a
smggle photogiaph where the advantages of 1 > stereo-
seopie view povided by anetlappig photos are not
abtamable Compare the shadow lengths of the smoke
stacks and varfous Ingldings ne Figave 5, v an xample

Pattern
Laud use patterns are often distinctive  Agocnliural
practices m parti ular, leave elues as to what has taken
place that can prntde poutive ndication of 1he cop
present Row patterns m comn amnd soybean fiekds .eparate
them from wheat fields and pastures and fa k such
patterns Wase patteins along consthnes often reveal
the mesence of submeiged obstaddes, such a5 sand-
bars and reefs, even though the obsiaclescgdint be
wnaged directly . '

. co b Vb ,
Texture v ‘
Texture, like pattemn, 1 utten felated to Tand use Planted
vegetaion wsually appears s smoother textures thdn
natural vegetation As abandoned agricultural areas re-
vert to forest, encroachment hy wody species resulls in
a rougher texture of felds that may or may not be ac-
cumpanied hv abvious tonal differences Eventually, this
encronchment produces n mottling Wh% ilg(jlsth‘lclive

disruptionr of the Wmuimiﬁm o of the
achive fields ACEER RN
‘ '
L e
Site

Just us some tree species grow in swamps and others en
dry upland ndges, o0 some manmade objects are found
alung rivers and others on hilltops Thermal power plants
need an abundant supply nf coslant water and are often
(but not always) found near major streams Hydroelec-
tric plants must have water under pressure and are al-
ways associated with a natural or menmade water supply.
Early warming radar stations, on the other hand, are
usually plreed on high promontories to minimize terrain
mterference with the hine of sight of the radars

Association

Association 15 often one of the most helpful clues to the
wentity of manmade wstallations The manufacture of
aluminum requures large quantities of elettrde power

1A srciinn on factors contnilling tome in seral photographs has been
delofed with e author's permssion Thit fncleded & discuszion of the
enermy fow profiie for & camern system, Hght eeflectanca progerties of
trees photographis tone of tree follege sadd photographic tone in water
apear and sl botuns 8-14
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Absence of ths power supply rules out this industev
Schools usually have assoeiated playgrounds and athletie
fislds while churches do not Large facm silos are an
indication that hvastock are (or were) prosent Unex-
pectedly large culverts or bridge spans across small
streams indicate that heavy runoff occurs frequently
enough to require the engmeening wurks uecessary to
cope with the watsr when it comes

To the military interpreter, the presence of antancraft
guns is almost positive proof of the presence of a target
worth defending, If he hasnt found it, he had best
look again
Resalution

The ability of a photographic system (including lens,
filter, emulsion, expaosure, and processing, as well as
other factors) to record fine detail 1n a distimgushable
manner is referred to as the resolution, or rewlving
power, of the system Unfortunately, resolution » one of
the most musunderstond and musused qualities of the
photogeaphic system—at least by most photomaphic
interpreters

Resolving power depends on many factors The firt
and often averlooked requirement w that a difference
existe in the epergy venchmyg the fucal plane hom the
object and 1ts backgrovmd If there 1 no such diffeience
then nothing that the recording system can do will create
a discermible image

The importance of tome contravt and edge gradient
were mcluded i the discusaon of toue It shoukd be
clear that resolution i reluted to edge pradient I the
difference e density across an edge w great cnough to
be detectable, then the steeper the edige gadient the
greater the probability that the density chmge wall he
detettable as a vistble change i tone of the photagiaph

Edge gradients are mfuenced by the tatal photographic
exposure, or the total energy mvolved e prodocing a
particular gmage  Steep gradunte are wallv aso
ciated with mtermediate exposines and lower gwadionts
accur at hoth extremes “Thus, tesolution Talls off at Tugh
or low exposure levels, compared o the movamum reso
lution achieved at some miermediate exposive Tlas Toss
1n resolution 15 one of the mayor reasons win segmificant
over or underexposures are undesirable and s 0 major
problem encountered by the mterprcter who must wink
with mmagery contamng both vers hght and voy dwk
images m the some photograph The washie d-oat appea-
ance of browd-leaved trees wmaged o mibiared photo
graphs iy partially due to the low of yesobten that
accompames the overexposire of the tices when the
overall photographic exposure 1 set to recond loss yoflec-
tive abjects occurnng m the same enam Aho the loss
of resohition observed i shadowed arcas v due to the
fact that obgects in the shaded wreas 1eflect sb hitle hyght
to the camera that they are undercvponed

Photographic mterpreters are often confused by emons
in assessing resolution \When telephone wires resolve it
dues not necessanly follow that am bt the thackness
of a telephone wire will resolve The wire (or a pant
tine on a parking kit} s detectable hecause it Yength
results 1n expasure to several uher halide grains, rather
than because the camera svston can reselve very small
mages Hesolutum of the famabar USDA plotography al
a scale of 1 20,000 15 such that ronnd or square obwects
less than 2 5 feet across are seldom disceruble When
measunng tree heghts, mterpreters usually do quite
well with round-topped trees hke large oak and maple,
hut poorly with trees having sharp-pointed crowns hke
balsam-fir or sprece The crown of a halsam-fir moy ex-
tend 10 or 15 feet Tagher than the pomt where ds
diameter narrows to 2 5 feet

The tone of the hackground affects resolution of small
nhjeety Photographie emulsions tan agt a8 a seatlerng
medin and some of the energy from highlhy reflecinge
{bright) objects may coue exposure of sher hahde
grams adipeent o those at the geomelrde locaton of the
object Bright objects aganst o dark backgraund will
sppear larger than they actually are, but dark ohjects
agamst a brght hackground will appear smaller than
they actually are Small bushes on o white sand heach
often fal to resolve becane lateral adiation of adja-
cenl grams results i exposure of the grams that should
have remamed uncexposed to mark the location of the
bush

RI FERENCFS

Amine wn Suudv of Phatagrammetry  Mansal of Photogeaplie
Interpretation Washingtan, 1Y, 1960

Behidur, D ] Hemicks made dunmg distussion of a poper by
K Heuh (below) and pubbstind in Phutegram  Fupgng
29 114, 1957

Calwill, B N A dystematie anhisis of some Fators alfectong
photogriphie  sntespretation  Photogram  Eagng 20 433,
54

Colwedl, 1 N The fture of photoge mm sy md photo siter
pochsion Photogrone Fagng 3% TEY, 1959

fox, B F Aewsal discommntion ag v fudchion of stunolus sz,
shape il e gruhient Boston Umeorsity Jodimeal Nok
Na 132, 1957 32 pp

Howth, @ R Corrcltions betworn man’s nctonity  wed das ciniron
ment which may e walyzed by photo it rprctatis Photo
gram Fogng 23 108 1957

hoddar ¥ A geoeapine approwh ot by of photoge plue i
temprettion Photogron Fuogz 21 B2, 1958

focdir, 2 B Acrvd Pholngreplae bateepretalion Pron gples and
Appheation on York  MeCoone Hidl 19%9

Tudie, B3 R Pholo indoppret disn a5 v s st Sonnge
Paper proseptod at e Anmgal Meddmgg of the And e in
Sty af Photostr wimetry, Shorham Hoted W ishaigton
B March 21 1981

Obon, ¢ E, Ir 1hmonls of photograplne mte et ition cong
ot wveral sonsorg Phatagram  Fogng 26 651,
1960

Sesmour T D T sntomre Lihion af vnudentdficd inform stion—

2 baste canecpt Phofogram Fagng 273 115, 1957

Kk 11 Aor photo astorpretation pnoc dans Photogruam

Frupng 22 1279 10546

Summerson (11 A phidasophy for phiota mbemrekoes Photo
prom Engng 200 Y, 1954

Steru
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IMA@LERY CHARAGTERISTIC g

IMAGERY CHARACTERISTICS

Many texts journal arocles 1nd documents are avtilihic on the
scrence of remote sensing m general, and the induidual technologies
ot aeral and space imaging We reter the reader who s interested in
an i depth treatment of these topies to these nam encellent
sources From the wontent of understanding some ob the basie
terminology and characternistics at aerial and space imagers referred
to in this handbook, this sectivn presents a brief mtroduction
these cancepts

Scate Factor

The tundamental characteristic ot aenal/space tmages determining
how much ground area is covered and what can be seen or detected
on the image 15 saale factor This 1s expressed as a representatine
fraction (RF) and 15 2 function of the wamera focal length vrer the
hesght of the platfarm above the terrain at the ume the photograph
is taken, Thus, for a comenuonal sertical aerial photo that 15 taken
with 2 6 inch focal length camera from an areraft flving at 10,000
feet above the ground, the scale would be

RE = 05 ft (6 wnches) 1
10,000 ft 20,000

RF =1 20,000



24/SECTION 2

The scale tactor 1s determined for the onginal negaine and s
often referred to as contact scale Enlargements of the image, of
course change the resultant saale tactor proportionateh

Table 1 - Representative space and asnal image scale charactenstics

Area Covered per Frame

Scal Feet per 19" 9" Fiim Fermat)

Flct:r Inch Statute Nhles Nautical Miles Comments

1 1,000,000 83,333 MN5x115 100 x 300  LANDSAT {ERTS) images

o enlarged to this scale
37X}
9, 101 x 101 83 » 83 Skylab S-190A photos en

1715000 50.583 targed to this scale (4X}

1 473,000 39,417 68168 53 x 59 Skylab $-1908 photos en

’ targed to this scale (2X}
1 130,000 10833 185x185 16x16 Tymecal NASA U2 image
’ scale/format, 6° focal
length

1 120,000 10,000 17x17 148 x148 Typical NASA RRBS?7
ymage scale/format 6"
focal tength

1 80,000 6666 114x114 S59x98 Typmcai USGS ‘High alu
tude’’ photo scale for map
mng

, 360 5280 9x9 78x78 1 mule per inch scale —

163 Alaska topographic guad

angie Map senes
1 Tix71 8§2x62 Wili become more common

1 50.000 4167 * scale 28 metnic  system
xiopted

1 00C 3333 B.7x57 49x49 Typical scale {current) of

. USGS and USDA mapping
photography

1 24 000 2000 34x34 I3 Scate of USGS standard
topographic  map  senes
{7'%" quadrangtes)

1 20 000 1667 28x28 25x25% Typical scale of older
USDA and USGS mapping
phatography

1 15840 1320 225%x22% 2x2 Typical scate of Forest

Service photogrophy — s
mile pet inch

1 12,000 1000 17x17

1 4,800 400 07x07

IMAGERY CHARACTERISTICS/2S

Area Cowvared per Frame
{8 x 9" Film Format)
Statute Miles Nautical Miles

Scale Feetl per

Factor Inch Comments

15x15 Typical “arge” scale for
detailed photogrammetric

surveys

06x086 Very large scale for de
talled  surveys —  usually
very himited area

2,400 200 1/3x1/3 03x03 Very large scale for de
taled  surveys —  usuaily
very limited area

The RF or scale factor, ltke a map, expresses the relationship thar
one unit of measurement (ans unit) on the 1mage represents so mans
unuts ot actual ground distance Ths has led to the other commonls
used convention of stating scale factor in “'fect per inch™ - 1¢, so
many feet of actual ground distance are represented by one inch of
photodistance Table 1 lists representatine scale factors of preal
acrial and space smages expressed both in RF and feet per inch A
single scale factor generallv represents an image of verucal, or
straight down, onentation With obhque, or ulted images, however,
no umform scale exists The great majonty of aenal and space
imagerv 15 vertical though some of the carly space photos,
particularly the hand-held camera photos of the Gemini and Apolio
series, and some awcraft camera configurations, are oblique Two
terms are used to differentiate the relauve angle of obliquity —m a
huigh oblique the honzon 1s showing. in a low obhique 1t 1sn't

Area of Coverage/Format

The area covered by 2 single acnal or space photo 15 determined
bv us scale factor (focal length/altitude) and the image format size,
or field of wview Figure 1 portrass the relattonship of the
characteristies of vertical aerial or space photos Alurude, focal
length, and format determune the scale and area of coverage on the
image  The figure illustrates the pnncple of stereo, overlapping
photography which 1s the predominant mode 1n use



Amenican indian

Lenguages snd Litasature
Program

Assistance to Northwast
indian Cemeatary
Protective Au'n

Community Educstion
Project

Humboldt Co
Recreation Project

Indian Mainstream
Industries Projact

Inchan Manpower
Davelopmant Project
{CETA. Title 1l Prime
Sponsorship)

Kotim Een Karuk
Ceremonial Society

Retired Senior
Volunteer Program
{Action - RSVP)

Sentor Nutrition
Project

Student AMA American
Indian Health Project

Wood for Seniors
Project

THECENTER FORCOMMUNITY DEVELOPMENT

HUMBOLDT STATE UNIVERSITY
Gravas Bidg , (No. 26) Graves Annex Bidg. (No. 30)
ARCATA, CALIFORNIA 05521 - TEL,: (707) B28-3731 {2,3)

REMOTE SENSING AND TECHNOLOGY TRANSFER PROJECT

TOM PARSONS
Dirsctor

DATE: December 6, 1977
JLW=77-MPaculty
T0: Workshop Participan
FROM: Joseph Webster
Remote Sensing roject
SUBJECT: Goals and Objectives from December 3rd Workshop

The attached is the 1ist of goals and objectiyes decided
upon at the December 3rd Workshop session. They are listed
first, in the order of presentation and, second, the over-
all consensus of the group according to priority. These
goals and objectives will be combined with those developed
from the January 7th session, You will receive a copy of
those items after the January 7 session,

If you have any suggestions concerning this ITst, or addi-
tions, please feel free to do so.

Thank you.

iN COOPERATION WITH CALIFORNIA'S NORTHWEST COUNTIES
124



FACULTY WORKSHOP - December 3, 1977

9,

10.
1.

12.
13.

14.

15.

16,
17.
18.

18.

ACTION ITEMS
-considered by participants

Establish a coordinating committee for University Remote Sensing Center.
Develop a cadre of instructors knowledgeable in Remote Sensing at HSU.
Apply for personal grants.

Obtain equipment for training.

Examine the goals of a remote sensing institute in respect to HSUniversity
goals and outline the benefits and limitations of such an institute.

Develop a coordinated proposal for summer '78 training for five (5) professors.

Investigate other resources besides NASA for peripheral grants.

Seek outside consulting group for assistance in developing remote sensing
capabitities at HSU,

Develop the criterias for courses in remote sensing in university and levels
of instruction.

Community workshops and awareness programs beyond University.

Integration of remote sensing resources and instruction efforts-with existing
efforts of instruction at HSU,

Establish departmental priorities for remote sensing at HSU,

Secure community input and needs for remote sensing and utilize techniques
of the School of Behavioral and Social Sciences to gain this information.

Gain a broad range of input from potential and actual users, technologists, and
universities in reference to remote sensing.

Present program of remote sensing to University in reference to "space"
priorities.

Development of a Graduate Curriculum in Remote Sensing.
Explore alternative avenues to reach curricular goals in remote sensing.
Investigate the Administrative jurisdiction of a Remote Sensing Institute at HSU.

Obtain director and develop an implementation plan.

Y



Facu]tg Norkshop
age

The participants established the following as the number one and two priorities
for HSU faculty:

'I.

2.

Establish a steerina committee to develop a cadre of instructors knowledgeable
in remote sensing, and,

Develop a proposal for Summer training in remote sensing. (Seven indicated

interest in |attending_a training session: John Longshore, Robert Rasmussen,
Don Garlick, Hal Jackson; Tom MacFariane, Pennis Anderson) Mary Lauck.)

The participants also aareed that any steering committee should be headed by
Drs. Lawrence Fox and Robert Hodgson.

Also, the participants felt that the steering committee should work with the
goals and objectives of both the Dec. 3rd and January 7th workshops. These
goals a?d objectives are to be prioritized for future interaction with the
university.

14



FACULTY REMOTE SENSING WORKSHOP
December 3, 1977 and January 7, 1978
Forestry Building, Rocm 203

PROGRAM

8:30 - 3:00 COFFEE / REGISTRATION
9:00 WELCOME Dr. Sharon K. Ferrett, Dean of Continuing Education

INTRODUCTION What is the NASA Grant?
Dorna Hankins, Project Director
Dr. Robert Rasmussen, Biology

9:30 - 10:30 REMOTE SENSING TECHNOILOGY - The Products, The Approach
Dr. Lawrence Fox, Forestry,
Project Technieal Coordinator

Industrial Applications and Implications
for the University
COMARC, Ine., San Francisceo awd Denver

10:30

10:45 DISCUSSION

10:45 - 11:00 COFFEE BREAK

11:00 - 12:00 REMOTE SENSING TECHNOLOGY -~ The Process
12-00 - 1:00 LUNCH (Provided)

1:00- - 2:00 POTENTIALS FOR PROGRAM and/or EDUCATIONAL DEVELOPMENTS
A. Undergraduate - Dr. Lawrence Foz,
Foregtry
B. Graduate - Dr. Robert Hodgson,
Oceanography

C. Facilities Development

2:00 - 2:30 FACULTY DEVELOPMENT, OTHER POSSIBILITIES
Dr. Hal Jackson, Geography
Donna Hankins, Project Dirvector

2:30 - 3:30 SPECTAL INTEREST GROUP DISCUSSION
3:30 - 4:00 SUMMARY

'lease detach and return to Office of Continuing Fducation, HSU:

/

N

I would like to attend the December 3, 1977 program.

I would like to attend the Jarmmary 7, 1978 program.

NI\

I cannot attend either program but am interested in learning about the
Remote Sensing Grant and what 1t can do for faculty/students at HSU.

oo

Name Depariment




American indian Communities

TV Project

Amencan Indian
Languages and Litaraturs
Program

Community Education
Project

Humboldt Co
Recreation Project.

Indian Mamstream
industrnies Projact

Kotim Een Karuk
Ceremonial Society

Multi-Cuitusal Education
Project

N A S A. Remote Sensing
Technology Transfer
Project

National American Indian
Repertory Theatre Project

Northern Califorria Health
Systems Agency Support
Project

Redwoods Commumty _
Development Council
Project

Wood for Semors
Project

THECENTER FORCOMMUNITY DEVELOPMENT

HUMBOLDT STATE UNIVERSITY
Graves Bldg , (No. 25) Graves Annex Bidg, (No 30)

ARCATA, CALIFORNIA 95621 — TEL. (707) 826-3731 (2.3}
REMOTE SENSING AND TECHNOLOGY TRANSFER PROJECT

TOM PARSONS

August 21, 1978
LF-78-Profiorkshp

Dear dizjybﬂdl :

I wanted to vemind you that the Humboldt State Professors
Workshop is beginning Wednesday, September 6, and will

continue through Friday, September 15. The first three
day session QSth. 6-8; will be held at the HSU Forestry
Building, Room 203, Trom 9 am until 4 pm each day.

The second phase of the training will take place at NASA
Ames Research Center, near Menlo Park, Calif. dJoe Webster
is making travel arrangements for you to depart Arcata,
Hughes Air West on Sunday, Sept. 10 at 3:45pm, and return
on Friday, Sept. 15, at 2:256 pm. Tickets and Per Diem
trave]l advances will be supplied during the HSU Session.
SEakeA:ghicles will be made available for use while at

NAS S.

1f for any reason you would Tike to make different arrange-
ments for travel to and from the Bay area, or if your

plans for attending the session have changed, please con-
tact Joe Webster at 826-3731.

I enclose a final version of the agenda for your information.
Don't forget your homework!!}

Best R
Lawkén
Forestry
LF:jtw
OR’G'NAL
POOR ¢ GE /s

IN COOPERATION WITH CALIFORNIA'S NORTHWEST COUNTIES

¢



AGENDA
7 HSU PROFESSORS WORKSHOP
SEPTEMBER 6 - 11, 1978

Humboldt State University - Forestry Rm. 203

Wednesday - Sept, 6 ASPECTS OF ORBITAL REMOTE SENSING
9:00-9:15 am Introduction ==~ '°
9:15-10:15 Comparitive evaluation of orbital

imagery. Increased dependence on

radiance when resolution is poor.
Effects of poor resolution on ra-
diance values for homogeneous and
heterogeneous scenes,

10:15-10:30 BREAK
10:30-11:30 Overall comparison, U-2 to Landsat.

Pixel concepts, radiance values in-
to grey levels, line printer maps.

11:30-1:00 LUNCH
1:00-2:30 Comparitive Exercise - Spectral’ Re-
flectance Curves, Two Channel Maps
2:30-4:00 Theory of Digital Processing, Super-
vised vs Unsupervised, Guided Clustering
Thursday - Sept. 7 STATISTICAL THEORY
9:00~-12:00 am Statistical rules for Landsat classi-

fication, maximum likelihood and
clustering algorithms.

12:00-1:30 LUNCH
1:30-4:00 Advanced Sampling Theory, multi-level
schemes.,

6§



AGENDA - Professors Horkshop
Page 2
!

Friday - Sept. 8

9:00-11:00 am
11:00-12:00
12:00-1:00
1:00-3:00

3:00-4:00

COMPLETE REVIEW OF EDITOR SOFTWARE

Choose Training Sites
Enter Data into Computer
LUNCH

Cluster on Training Sites
Run Unsupervised

Pool and Merge Statistics
Final Classification

NASA Ames Research Center - Applications Branch

Monday - Sept. 11

9:00-5:00
Tuesday - Sept. 12

9:00-12:00 am

12:00-1:30
1:30-5:00
Wednesday - Sept. 13

9:00-10:30 am
10:30-5:00

7:00-10:00{evening)

VISUAL INTERPRETATION OF LANDSAT WITH
FIELD EXERCISE

INTRODUCTION TO COMPUTER SYSTEMS

- IDIMS demonstration:
+ Water Search
+ Humboldt Bay
LUNCH
Digitizing Exercise

LANDSAT CLASSIFICATION

Computer orientation

Concurrent working sessions:
ARPANEYT & IDIMS

Classify Humboldt Bay Scene

4Lq



AGENDA - Professors Workshop
Page 3

13

Thursday - Sept. 14

9-00~10.30 am

10:30-11:30
11:30-4:00

4:00-5:30
7-30-10:00{evening)

Friday - Sept. 15

9:00-12-00

12:00

CONCLUDING THOUGHTS

Map Legend Information vs —

Spectral Classes “zqugggzzz‘gi"”
5 P
NASA Thermal ProgramsG:::”\\E%ffy’ﬂ’ﬂ'jitftj
Free time to visit with NASA
scientists

How to get Started

Open for free play with IDIMS
and EDITOR

VISIT TO US_GEQLOGICAL SURVEY

USGS programs at Menlo Park,
Geography Program and NCIiC

Depart for Airport


http:9"00-10.30

HWORKSHOP-EVALUATION FORM

In order to effegtively evaluate our presentations, we need your input.
Please i1l out this form and return it to Joe Webster, Center for
Conmunity Development.

Please rate the following workshop presentation on a scale from excell-
ent (4) to poor (0). Your comments would be appreciated.

H.S. U. Program

COMPARATIVE EVALUATION OF ORBITAL IMAGERY:
Perceived Value to you.
Quality of Instruction.

(Speed, clarity, enthusiasm)
Comments

OVERALL COMPARISON, U-2 TO LANDSAT:

Perceived Value to you.
Quality of Instruction.
Comments

|

COMPARATIVE EXERCISE:

Perceived Value to you.
Quality of Exercise.
Comments

THEORY OF DIGITAL PROCESSING:

Perceived Value to you.
Quality of Instruction.
Comments

il



STATISCAL THEORY:

Perceived Value to you.
Quality of Instruction.
Comments

r

REVIEW OF EDITOR SOFTWARE & COMPUTER PROCESSING:

Perceived Value to you.
Quality of Instruction.
Comments

OVERALL COMMENTS:




NASA Ames Program Perceived Value Quality of Instruct}on‘

1. Visual interpretation of Landsat
with field exercise.

2. Introduction to computer systems.

3. Landsat classification.

4. Concluding thoughts.

5. Visit to US Geological survey.

i
11

Comments:

If you have any other comments concerning the Program, please send them to
Joe Webster, Center for Community Development.

13



CHARTING THE FUTURE

During the next academic year, one cf my grant responsibilities will be to assist
and encourage development of integrated, multidisciplinary curriculum in remote
sensing at H,5.U. Thi$ workshop is designed not only for specific training for
you but also for the purpose of stimulting an interest among the participants

in beginning to integrate what is learned into the various teaching areas.

It would be very helpful 1f, during the workshop you would consider the following
questions. o

After you have completed the workshop, I would appreciate it if you will answer
the questions and return the questionnaire to me before QOctober 1, 1978.

1. Do you recognize areas where Remote Sensing Technology could be integrated
into your teaching field? In your department In your school

Could you itemize two such areas.

2. Could the areas of integration be simply augmentation of existing courses?
If so, please elaborate.

a. at undergraduate level?
b. at graduate Tevel?

3, Could the areas of integration also be new courses? If so, please describe
what these new courses should be?

a. at undergraduate level?
b. at graduate level?
4. What do you think student prereqiisites should be?

!

a. in 2A, B. -
b, an 3A, B

14



5. What are the implications for staffing/faculty that you would see in
the above questions?

a. in #
b. in #2
c. in #3

6. What do you think the equipment requirements should be in any of the
above questions.

a. in #1
b. n #2
c. in #3

7. VWould you be willing to consider being an instructor at future community
workshops, involving federal, state or local agencies and entities?



AGENDA
+ NASA-AMES WORKSHOP

Monday, September 1]

8:-00 - 8:30
all day

Tuesday, September

8:30 - 10:15
10:15 - 10:30
10-30 - 12-30

12-30 - 1 30
1:30 - 3-30

3:30 - 3 45
3:45 - 8.00

Introduction

Visual interpretation of Landsat
with field experience

12

Applications orientation and
techniques

BREAK
Apphications demonstration

Group I: Humboldt Bay {IDIMS)
Raw Data
Classified data
Band ratioing

Group 1. San Francisco scene
Digitizing lecture

LUNCH

Applications demonstration (con't)

Group 1I: Humboldt Bay (IDIMS)
Group I: Digitizing
BREAK

1DIMS Workshop with Humbeldt
Bay data (supervised technique)

Wednesday, September 13

8 30 - 10-00

10-00 - 10 15

Computer orientation lecture

BREAK

To

Sue Norman

Chuck Poulton
Bil1 Likens

Sue Norman
Dave Peterson

Camie Butler

Dave Morris

Camte Butler

Dave Morris

Charlotte Henry

Sue Norman
B111 Likens



Hednesday, September 13 (con‘t)

10:15 - 12°15

12:15
1:15

2:45

3:00

4:45

Thursday,
8:30 -

10-00

1

11 00

3.00 -

5 00

Friday, September 15

1-15
2:45

4:45

8:00

10:00

11:00

3:00

5:00

8 00

Lap exercise (S.F. scene) with U-2
photography and line printer output

(Lab exercise to be developed by
Norman/Poul ton/Likens/Henry/week
of September 4)

LUNCH

Computer workshop (S.F. scene)

Group I: EDITOR
Group 1I: IDIMS
BREAK

Group I:  IDIMS
Group II: EDITOR
IDIMS

Humboldt Bay analysis {continue
supervised technique)

September 14

Map legend information vs.
spectral classes

Thermal Remote Sensing

Free time to visit with NASA
scientists

"How to get started"

& YWrap-up Session

IDIMS session with Humboldt Bay

9:00 ~ 12:00 USGS programs at Menlo Park,

12 00

Geography Program and NCIC

Depart for Airport

77

VISIT TO GEOLOGICAL SURVEY.

Chuck Poulton
Bi1ll Likens
Sue Norman

Buzz Slye
Bill Likens
Charlotte Henry

Buzz Slye
Bi1l Likens
Charlotte Henry

Charlotte Henry
Sue Norman

Chuck Poulton

by appointment
with NASA
personnel

Chuck Poulton

™~
Charlotte Henry



COMPARATIVE EXERCISE
/
SPECTRAL REFLECTANCE CURVES - TN CHANNEL MAPS

This exercise is designed to enable you to more fully understand the re-
lationship between spectral information and land cover information. Spec-
tral data is collected by Landsat and is correlated with land cover. It.is
jmportant to understand this correlation so that one can learn to make pre-
dictions as to what land cover type is represented by a particular spectral
class. This understanding is especially important when one is faced with
the job of "assigning” land cover categories to a number of spectral classes
produced by the computer.

In this exercise you are to choose 6 land cover types that you are especially
interested in. For example, if you are interested in geography, you might
choose Urban-Commercial, Urban-Residential, Agricultural, etc. If you are
interested in coastal processes, you might choose, Bare Sand, Dune Vegetation,
Surf, shalTow water, deep water, etc,

The detail of your categories depends on the ability of Landsat to distinguish
differences. Also, you will find that the satellite is often too sensitive.
That is, more than one spectral c¢lass is contained within one land cover
class. Your general class, Aaricultural, might include spectral categories
for mature crops, green crops, irrigated pasture, non-irrigated pasture, etc.
Therefore, you should allow your categories to "evolve® as you progress
through the exercise.

STEP 1 CHOOSE LAND COVER TYPES

By looking at the line printer (LP) maps displayed around the room, you
should choose about six land cover classes of interest to you. Each

land cover class should be represented by about 3 geographical areas which
are "pure" examples of your land cover class.

These are your"training sites" or "training areas." Estimate the mean ra-
diance level (in each channel) for each training area using the LP map sym-
bol key provided below:

1

Approx. Radiance

Radiance Grey

Value Level Symbol Explanation
0-3 1 ¥ overstruck $,W,B
4-8 2 ¢ overstruck $,4
g-14 3 B overstruck D,B
15-20 4 W Cap W

21-26 5 G Cap G

27-32 6 % Percent sign
33-38 7 H semi-colon
39-44 8 ! apostrophe
45-128 g blank
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COMPARATIVE EXERCISE - PAGE 2

Hhese radiance valuek vary from one channel to another but follow this
same pattern. The radiance values are assigned on the basis of the pixel

value distribution of the scene(the histogram) in one particular channel.
Level nine is always a Targe interval since very few data points occur
above 40 or 50 in any one channel.

Suppose that you choose a representative area of conifer forest. By
viewing each channel(all 4 LP maps) you should come up with 4 numbers or
grey levels, one for each channel. They could look like this:

Channel Grey Level Symbol
1 (green) 2 v
2 (red 1 |
3( IR 3 B
4 {IR) 3 B

You will have to do some estimation here since your training areas will
prebably not be completely homogeneous. That is, only one symbol or grey
level per cover class in each channel. You are to choose one grey level
or symbol which represents the entire training site. That is, the most
commonly occurring symbol. After you are done, you may have different
grey levels for training sites which should be the same. That is, several
training sites, which all represent the same land cover type, may have
different grey levels. Record all grey levels since this is the spectral
variability you will "have to live with."

STEP 2 PLOT A TWO CHANNEL MAP

Plot the representative grey levels of each of your training-sites on the
two channel map provided. You are to plot the channel 2 level and channel
4 Tevel only.

Channel 1 is often highly correlated with channel 2, and channel 3 with 4.
Therefore, orie can assess the majority of the spectral differentiation pos-
sible by viewing a two dimensional plot of 2 and 4. Plot all of your train-
1ing sites and enurde those belonging to the same land cover type.

WHAT LAND COVER TYPES ARE ASSOCIATED WITH WHAT REGIONS OF SPECTRAL SPACE
ON THE TWO CHANNEL MAP?

To answer the above, make a 1ist of your categories and indicate the lo-
cation of each cover class on the two channel map. For example, conifer
forest 1s usually found in the Tower left corner.

STEP 3 PLOT LANDSAT SPECTRAL COUNTS

Plot the representative grey level of each of your training sites on the

4 channel spectral count charts provided. {Things are usually readable if
you plot about 3 land cover types per axis.) The plot will be very similar
to spectral reflectance curves with which you are already familiar. The
major di1fference between spectral count curves and reflectance curves is

the drop in radiance value between channel 3 and channel 4. This is a func~
tion of the dtector in the spacecraft and not the light reflectance of the
land cover category. The data in channel 4 is compressed into 64 levels

19



COMPARATIVE EXERCISE - PAGE 3

instead of 128 like thd other channels.

WHAT LAND COVER TYPES ARE ASSOCIATED WITH WHAT SPECTRAL CURVE SHAPES
OR POSITIONS?

WHAT DOES THIS CHARACTERISTIC CURVE SHAPE MEAN? ,__._nd//r\\\‘

WHAT OTHER CHARACTERISTIC SHAPES CAN YOU DEFINE?

g0
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DIGITAL

IMAGE PROCESSING

Remote-sensor images are acquired by techno-
logially advanced systems, but are typially
p erpreted through the use of simple dassial
technigues that have progressed hittle beyond the
stereoscopes and magnifiers employed in the early
days of aenal photography interpretation Exami-
natiwn of onginal images with the unaided eye
olten constitutes the cructal interpretation phase
plor data produced by imaging systems that repre-
sunt millions of dollars e research and develop-
ment  The photographic methods for contrast
cnhancement and color compositing described n
Chapter 4 enable the interpreter 1o extract more
information from the onginai images but they lack
dthe advantages of digital techmiques The prninuipat
advantages of digital processing methods are therr
versatilty repeatability, and the preservation of
the ongindl data prewsion
Computer processing of images 18 not new the
medical, agncultural, and military antelhgence
Pommunities have employed digital image proces-
sing lor & number of yeun Geographers were
amoeng the first scientists to recogmize the potential
ot chigatal methods for investigating patteras of
land use The avalabiity of digital multispectral
‘mages from the Landsat program accelerated the

development and appluation of digitul image
provessing 1 the mid-19708 This field will see
major advances 1n technology and application in
the future Somie of the requirements for applying
digital tmage processing to oif exploration have
been summanzed by Sabins (1974)

IMAGE STRUCTURE

Any image may be thought of as consisting of tiny
equal areas, or picture clements. arranged 1n reg-
ular lines and columns The posiion of any pic-
ture element, or pivel, 1s determined by an X and
Y coordinate system with the ongin at the upper
left comer in the case of Landsat mmages The
brghtness of each pixel has o numencal value
ranging from zero for black to some higher num-
ber for white Any image can now be destribed 1n
stricily numerical terms on a three-coordinate sys-
tem with X and Y locating each pixel and Z giving
the gray-siale mtensity vajue An image mav be
recorded onginally in this digital format. as i the
casc of Landsat An image recorded iatually on
photographic film may be converted into numer-
ical format by a process known as digitization

g3



ROTATING

PLOTTED
SCAM
LINES

CARRAIAGE
ORIVE -

Fiousa 7 2

baum

RECORDING
FiLM

N

System lor plotting an image from digiai data From Bryant

{1974 Figura 3)

Flying-spot plottens preduce an mage with an
clectron beam that sweeps across the hived him in
4 raster pastera This system 15 sl emploved
to display smages on a television sereen. which

..t ¢ tnables the interpreter to view the processed image
ST oAy b Y DT e 1 real ime rather than watting for the processed
G , S Y P
= ot et data to be plotted onto film, developed and
o printed
— Landsit image Format

image Generstion Procedure

Digatat image data are converted 1ato hardeopy
mages by tilm writers (Figure 7 2) that operate
in revene tashion 1o digivers, Recording him s
mounted on 4 drum With each rotation 4 scan
hne 1 exposed on the him by a ight sourie the
intensity of which » modulated by the digatal
values of the preels Upon completron of eath sean
hne the carnape advances the hight sotree to com-
mence the next ine The exposed film 18 developed
to produce A transparency from which prints and
enlargements are made

Armdjor advantage of Landsat multspectral scan-
ner MSS imagery 14 that 1t i direcaly recorded as
digital numbers on magaetic tape This greatly
facthtates the apphication of computer proces-
sing programs The osallating mirror of the MSS
sweeps across the terram at a night angle to the
orbit path (Figure 7 3) and records data only dur-
ing the eastbound sweep The 185-km long suin
hnes form a continuous strip of wmagery that i
subdivided 1nto lots of 2,340 scan lmes to produce
individual 1 andsat scenes {(Figure 7 3) The ground
resolution cell of each detector 1s a 79 by 79 m
square Sular energy reflected from this ground
area onto the deteclor generates a response that
varies in amphtude proportionally with the inten-
sity of the reflected energy.

A segment of a scan hine showing the variation

IHAGE STRUCTURE

g’

235



' Iﬂ - -185 km - -
] —  MXEL % e I ¥ ]
1 1
L [ T T T
H ST SCAN DIRECTION ’ e
! / /
- I
LIkE METURE ELEMENY
m; Bm mXEL) 1% km
i l
_23_40 lmmxu :tlx:u:xntjxjnnrmt;n:::—-
L Vo Ty Ty
—— DIGITAL (MAGE FILES -————
FIGUAE 7 3

Relerence system of scan hings and pixels for Lanceat
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Piot of terrain reflectance along a Landsat scan lme The 79-m ground
resotution cell of sach MSS detector produces a reflectance cuive thet 1s
sampled at intervals of 57 m to generate the digital numbaer for aach pixel

236 7 DIGHAL IMAGE PROCESSING
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Detail ol detector array for Landsat MSS

i terrain reflectance s stlustrated e igure 74
together with the 79 m dimension of the ground
restlution celt The curve showing reflectance as @
tunciion of distance along the scan hne s called an
amtlog display because the data are shown in di-
rethy measurable quantities  Analog  displays
itter trom divial diplays which record intorma-
tton i numuncal form Analog data are converted
o digital data by sampling the analog display at
regular miervals and recording the value at each
sample poatin digital torm Onboard the 1 andsat
vehicle the analog signabs are sampled at 57 m
intervaly and converted into digital data that are
transhntted to carth recenving stations. As shown ia
bigure 74 the sampling of a san hine produces
32400 poeels each with o corresponding dagital
aumber that represents the reflectance The analog
signal conld be sampled o any intervat the 14
retio of the ground resolution cell to the sample
el (79 m STm 14) was deternuned theo-
retically and expenmentally to be adequate tor
representing the analog signal A higher ratio
{smaller sample mterval) would not apprecably
miprove the digital data o lower ratio would de-
grade the quahty of the digatal data  This anfor-
mation was provided through the courtesy of
Virginwd Norwood of the Space and Communia-
vons Group ot Hughes Arreraft Company which
designed and built the MSS Spatial resolution of
the mage s ulumately determmed by the 79 by
79 m dimensions of the ground resolution cell
the smaller sample interval does not slter the
relationship

Each sweep ot the scanaer musror reflects light
onto an array of s1x detedtors for each of the spec-
tral bands simuitaneously produding the array of
six sean hines shown sn Figure 75 The advantage
of this desiga 1s that the number of mursor sweeps
and the mirror sean veloty are reduced by o fae-
tor of six A disadvantage 1 that the response ot
one detector may difter from that o} the other
tive, caumng every sixth scan hne to be brghter or
darker Digital methods tor correcting this image
defect, which w called sexth-hine banding. are div-
cussed later in this chapter Each of the four
bands of a Landsat image contains 76 10° pixels
(2 340 scan lines, each with 3 240 pixels) that are
recorded on computer compatible tapes (CCTs)
A tape contains four data files each of which re-
présents a stap that 1s 46-km wide in the cast-went
direction and 185-km long i the north-south
direction (Figure 7 3) Fach data file contams the
brightness values for the tour spectral bands inter-
leaved A ffth file contains data for the image
annotation. The CCTs are available from the
FROS Data Center at § cost of $200 per | andsat
wene Prior w processing, most laboratones won
vert the CCT data into four new files ¢ach con-
taming a single spectral bund for the entire scene
Detaily of the tape format are described by Thomas
€1975) and in the “Landsat Data Users Handbuook
by NASA (1976)

The bnghtness values for bandy 4 5 and 6 are
recorded on CC T's using a seven-bit scale (0 to
127), band 7 1s recorded on a six-bit scale (0 10 63)
Prior 10 processing some digital systems muluply

MMAGE STRUCTURE

Glo
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these values by Iwo or lour 10 produce o consistent
cight-bit seale for aft tour bands In addinon to
omintenty between MSS bands, the uniform
cight-bit {osmat mimmizes ervors introduced by
rounding of deumal valves To reduce computer
provessing time and cor¢ usage. mieger (whole
number) mathematies are used wherever posable
Deamal values are integer truncated (rounded)
to the nearest mteger In six-hit format (0 o 63)
computed values of B 6 and 93 are both truncated
W an mteger value of 9, in eighi-bit (€ to 255) for-
mat the equivalent of a six-bit value of 8 6 15 repre-
senied by 34 and 93 by 37 (4 86 =344, 4
93y 3Ty

1he computer printout of pixel values in Figure
7 6A represents o smaidl subarea of a Landsat
mage The upper left comer (pixel |, hne §) com-
cides with the northwest corner of the image Fach
pinel s represented by o digirul number (DN) with
higher values idicating igher seflectance of the
wrnin The outhned diagonal strip of paxels with
higher values represents the lughly reflective won-
urewe surtace of the 280 Freeway which s also
shown m the aenal photograph (Figure 7 6D)
Fhe printout s geometncally distorted because two
spaces are required tor cach paxels plus o blank
spuce hetween adjacent pixels

The smittal stiep in converting the numencal
pivel array mie an image o o determiae the
statistival distribution of the brightaness values of
the prxeds This s shown in the histogram (Figure
768} where the number of pixels corresponding
whcdch DN vatue are plotied The histogram was
preparad dur g larger seene of which the pixel
array n bagure 7 6A 1s only a4 subarcs hence the
istopram does not exactly match the pixel popu-
Luson of the subarea The 14 gray-saale symbaols
ol the hne pnnter are then assigned o speaihc
ranges ol DN values with the darker syimbols for
the lower DNS Values ot 10 and lews are plotied
with o solid hlack svmbaol values of 35 and higher
arc ploted with sohd white The 12 intermediate
s sale symbolbs are cach asagned w two digital
sabues vshown along the abstissa ot the histogram

T + DIGITAL IMAGE PROCESSING
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i Figure 768 The resuing image s shown m
Figure 7 6C. where each pixel 1s represented by
gray-seale symbol This portion of the Landsat
band 5 image covers the northwest comer of the
denal photograph (Figure 76D) The dark tones
on the image 4and photograph are vegetation the
light tones are the 280 Freeway the Stanford
Linear Accelerator, and residenual areas These
exdmples also provide a comparison of spatul
resolution of the Landsat image with an aenal
photograph at an oniginal scale ot 1 60,000

The MSS image dats telemetered from Landsat
are recorded on magnetic tape at the Fairbanhs,
Goldstone, and Goddard vecewving stations At
Goddard Space Fhight Center (GSFC) these tapes
are used to produce 4 70-mm archival film tor
each of the four bands A second-gencration tim
15 sent 0 EROS Data Center (EDC) whnch tepro-
duces the wmages for sale o the public As de-
wnbed in Chapter 4 this procedure s scheduled
tor change s late 1977 Most EDC mmages repro-
duced from the GSEC hims are satislactory tor
many users, the major problem has been the high
density and low contrast of 70-mm black-and-
whie positive transparencies which was discussed
in Chapter 4 In addition, some images have de-
fects that Lan be correcied or improved by digiativ
processing the daia from the CCTs

IMAGE PROCESSING SYSTEMS

Dignat systems tor procesang Landsat and osher
images have been developed by a number of um-
wrsities  government fachties and commerdiad
organizations Oné of these 15 the Video Image
Communication and Retneval (VICAR) system
developed at the Jet Propulsion Laboratory (JPL)
which v a NASA facihity at Pasadena Calitornig
operated by the Californma Institute of T echnology
Details of the VICAR system are given by Gaoets
and others (1975) The Laboratory for Apphcations
of Remote Senang (1 ARS) at Purduc University
has developed the LARS Sysiem (1 ARSYS) tor


http:saluc.sh

RER

.
»

-~ - Nt

CAMN LiNE SUMBER

~
o
-

€

1
I

)
.

0=

+

R 11

Lt A T
EE N ) =
t "_TT-l]-.f
[ L
¢

t Ve ot
(I | [ L]

L T B L

BIYEL NUMBER
10

s =
pot
Y
H

s
LY
1
£ [ T2 ]
« W oAr 3t ora g
LN POVL B SN 7
OIS 14 1" 4
[ ERF S A PY]
FEGE v vy s FARF LIS
O TEPIF R ) W o4 oA
tr L B 1)
: Pe oLos
Ay — e v T
i i4
< [ . {]
) A TS
'te LB

W— 1

.
a0 -
13

1
T v LI

PRINTOUT OF DIGITAL
VALUES OF PIXELS

PIXEL NUMBE R
b 39 an

R} (LA

H b

o0
GRAY SCALE DISPLAY

raunz 78

B

T

A

1oy Al '
Y TAL et "o
t X
.
BRBGEE: S
. 1
1
AL MEARENT b B e d

HISTOGRAM OF PIXEL VALUES
WITH GRAY SCALE ASSIGNMENTS

0 AERIAL PHOTOGRAPH

Drgitat structure of Landsal image  showinyg coOnversiun of paaes v thae s 10 ey sLAlE (g 1y

Area s Palo Alte Canforma un Lads 3t 1625 TH1AN ¢ g

Data vourtesy R J P Lyoh Stai fong ooty

¢g

e Y Lhe -H’r"' [P

iy



tures and then assigns pixels to categones hased on
simifar signatures The two general types of Classi-
tication schemes are supervised and unsupenvased
chassification which have the following distinc-
tons

I Swupervned  dassification uwes  independent
information to detine traming Jdata that are
used to establish dasstitation wategonies The
mndependent intormation may be spectral re-
flectance data tor the dasaibication cafegories
as sn the following example for the Salton S¢a
and Impersal Valley  Another source of ilor-
mation » knowludge ol the locatton of dreas
within the image that typaty cach of the desired
chissification  categories Such  Tocahties  are
known as trasming arcas and are lustrated by
the Pakistan example in Chapter 8 Super-
vived classthication 1s the most widely used of
the two cdasaification schemes

9

Unsupervised dasstfication uses only the statisti-
cal properties of the mmage data av o basis for
cassification The computer alone defines the
cassthcation categones  This methed i poten-
trallv useful tor dassitying images where the
andhvst has ne independent informaton about
the wene
o~
Fach of thewe dassification schemes can be further
subdvided into (1) parramietrse classtfrcation which
awumies certan mathemaucal models  and (2)
nonparametric dasrcanon, which asumes  no
model restraints Because noaparametric ddassi-
fication makes the fewest assumptions it s con-
sidered to be the more powerful technigque
A sphfied example of supervised multispediral
tasstheation uses o Landsat image covenng the
Salton Sea Impenal Valley, and adjacent moun-
tans and desert areas of southern Cahformis
(Ligure 7 24A) [ramng data are the gencrahized

reflectance specira for water agriculiure, desert
and mountamns shown in Pigure 7254 The date
pomnts are plotted at the enter of the spetral
range of cach of the four Landsat M$S bands In
Figure 7 258 the refledtance spectra are plotted m
three-dimensionai space usng the values for bands
4. 5. and 6 uy coordinates The solud dots are Joa
of the spectra shown i higure 7 254 Basewan
wssiticaion methods assume that the samples
belonging to each dass torm a dfineer watlun the
decsion space  The clusters shown dragrammati-
wilhy 10 bigure 7258 represent elhpsowds whose
dimensions are a4 lunction of the seatier of the
samples within the duster The suslace of the
ellipsand lorms a deesion boundary within whinh
all pants an that class occur

Durng classification of ¢ Landsat (C T the
computer retrieves the four spectral values tor cach
picel and determines the position of the paixel in
the classiftcation space Should the prxel tall withm
one of the dedsion boundaries, or clusters 1t
chassihed accordingly  Prxels that de not tall withm
& dedsion boundary are considesed wndclessified
In “practice, the computer caleulates the mathe-
matical probability that a pixel belongs to a dass
if the probability eaceeds a designated threshold
the pixet v asagned 1o that cdass Applvng this
methed to the digital data of the Salton Sea and
Impenal Vatley seene produces the dasafication
map of Figure 7248 In this example the volumi
of data iy reduced by averaging groups of adjacent
pixeds and usiag this value i classthcaton Note
that the undasshed category indicated by the
blank pattern, oceurs at the boundaries between
classes where the pixels include more than one
terrn type  The computer cassification ot | and
st data actually operates an tour-dimensional
spdee unng ol four spectral bands but this wannut
be shown on the three-dimeasional plot of Fip-
ure 7258
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REMATE SENSING WORKSHOP
1978

PROCESSING SEQUENCE, - LANDSAT DIGITAL ANALYSIS

~ = o F-3
. . . .

0 (=]
. "

11.
12.

Interpret resource types - ldentify on photo's, ®aps igmin. and Line
Printer maps.

Select training areas on Line Printer map - up to 3 resource types,
2-3 training fields for each - try to make these resource types as
different as possible.

Chip the Windows

Create histograms of the windows and determine the number of clusters.
Cluster the Windows

Create STAT files

Create Multi-Window files

Pool and Merge STATS

Create final STATS

. Classify your windows with the final STATS

Print windows with classification

Use Photos and Field Experience to varify the classification.
May determine errors of Commission and Ommission?

qe



Page 1

EDITOR COMMANDS

{for Selected Computer Steps Needing Further Explanttionf .

NOTE Operator Commands in CAPITAL letters or underlined

STEP

3) L1ip a Window.

4) Print a Window:

5) Cluster a Window:

1SUB
Input Window File= WIN.HAYFORK 77
(01d Version)

21COORDINATES

*NORTH, WEST. SOUTH, EAST ¢R

*« 0 % " ¥ "R

* (same for each window of that wesource type)
* CR(twice)

2!WRITE -(this writes the file)

2'QIT - (repeat steps for each resource type)

1PRINT
"Which output BDevice? T = (terminal)
Input window file=the resource window you

311gg$g
See the 1ist of window ¥ = {yes)

Which window displayed (-1 = all} -1

Which channel (1thru4) 2 (and the next run &)
Global or local Histogram G

Display Histogram (Y,N or only) ONLY

1 RAW
2 1MODIFY :
Disk File Mame = ENTER YOUR CLIPPED WINDOW
3INumber of clusters = WHATEVER YOU CHOOSE
IQUIT
2! ER
310RDINARY - (for ordinary clustering)
Input Stat file N

Input window file=the name you entered above
Minimum number of cat after merging»

the NUMBER of CLUSTERS

What % convergence 100

Max number of iterations 20

Want to see Stats ¥

{it will then give you the separability matrix

, means and variances)
Do you wish to save Y
Output Stat File= NAME IV
Create a CAT window file N
(repeat for each of your resource types)

13



STEP

7) Cirate a multi-Window File

8) Pool and Merge Stats:

.-
et |
Pt

-
é:;‘“”da

H

Page 2

1SUB WINDOW

Input window file=WIN.HAYFORK 77
2! _COORDINATES
* » SOUTH, EAST, CR

== == ¥

* A
* (same for each window of that resource type)
* CR{twice)

2IWRITE (and name it_
21017

1RAW
21STAY file editing

;aggt Stat files enter your Ist State file

TE
Low cat, High cat = 1 spaceiwhatever number of
clusters you have

#0OPEN :
Input Stat file= enter your next Stat file
#WRITE

Low and high cat = repeat for this file
#GENERATE

Qutput Stat file= give these two windows a new

name

Do you wish to continue Y

Input Stat file= enter the same as above
#Separability  Swain Fu

Mark a threshold Y

Threshold Value= .45

#VARIANCE

#
#RUNMBER OF CLUSTERS
#WRITE (Whatever categories you want to save -
in order)
#P00L (Whatever categories you want to save -
in order)
**fRepeat until you have written and pooled all
of the categories)
#GENERATE
Qutput Stat file= name the file
(repeat for the next Stat file)
#0PEN
Input Stat file = put the name of the file you
Just created
#WRITE

{Continue on in this manner)




Page 3

i) {lassify | RAW

21CLASSIFY
Number of Channels= 4§
3tGaussian
Enter R for restart CR
Enter increment to save CR
Input Stat file = enter Tinal Stat file
Input Window file = enter Pulti-Window ¥4
Enter increment to Print CR
Cat Window file = enter Cat Window file f
or Mult{-window file
21QuIT

P



GLOMSARY

o PIVe system
A remote sensing system which transmits its own electromagnetic
emanations at an object(s) and then records the energy
reflected or refracted back to the sensor.

band

A group of wavelengths of light producing one color or conventent
group of wavelengths, such as near-infrared.

CALSCAN
The set of classification programs for aircraft and satellite

data handling and analysis developed by the Center for Remote
Sensing Unit at the University of California at Berkeley.

color composite
Color composite of channels (bands) of multispectral data.
Generally, composites are third- or fourth-generation images,
compared to first-generation composites produced from computer-
compatible tapes using a film recovder.

computer- compatible tapes
Tapes containing digital LANDSAT data. These tapes are standard
19-cm (7 1/2-in.) wide magnetic tapes in 9-track or 7-track
format. Four tapes are required for the four-band multispectral
digital data corresponding tc one LANDSAT scene.

concatenation
aerial images in a series which have been geometrically rectified
(often stretched) and edgematched to form a continuous, planimetric
vertical mosaic.

edge effect
As used here, refers to slight mis-registration between two or
more channels which produces computer misclassification.

emissivity
A ratic relating the amount of energy given ofi by an object to
the amount given off by a "black body" at the same temperature,
and normally expressed as a real positive number between 0 and 1.

enhanceinent
Refers to various processes and techniques designed to render
optical densities on imagery more susceptible to interpretation,



qround truth !
(Field verification) Befinition of Earth surface conditions
through direct measurements or visual inspections for calibration

or evaluation of remote sensing observations from satellites or
aircraft.

nectare
Ha, a metric unit of area equal to 10,000 n or 2.47 acres.

1magery

The visual representation of energy recorded by remote sensing
instruments.

KANDIDATS

The set of computer classification programs for aircraft and
satellite data handling and analysis developed at the Remote
Sensing Laboratory, University of Kansas.

LANDSAT-1 (ERTS-1) scene
Collection of the image data on one nominal framing area (185 km )

of the Earth's surface. The scene includes all data from each
spectral band of each sensor.

LARYSYS

The set of classification programs for aircraft and satellite
data handling and analysis developed at the Laboratory for
the Applications of Remote Sensing, Purdue University.

11ine scanning
The use of a facsimile device, such as an intensity-modulated

cathode-ray tube, which produces an image by viewing and recording
a scene a Twne at a time.

maximum 1ikeltrhood ratio
Maximum T1ikelihood ratio in remote sensing is a probability
decision rule for classifying a target from multispectral data.
Two types of errors are possible: failure to classify the targat
correctiy and mis-classification of background as the target. In
1ts simplest form the likelihood ratio is P /P This expression
compares the probability (P) of an unknown Btral measurement
being classified as target (t) to the probab111ty of an unknown
spectra1 measurement being classified as background {b). When
P /P the formula decides t; and when P Pt/P < 1, it decides
Frobab111ty density functions are computed frOm spectral
samp1es often called training samples. As the number of training
samples increases, the mathematical computations of the maximum
1ikelihood ratio increase in complexity. As a result, digital computer
analysis 1s required. The analysis is called automatic data
processing of multispectral remotely sensed data or automatic
spectral pattern recognition of multispectral remotely sensed data.

i
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Multispectral scanner system, sometimes called the multispectral

scanner.  The MSS usually refers to the LANDSAT operational
scanning system.

multiband
A study using more than one band.

multispectral scanner spectral bands
The division of the visible and near infrared portions of the

electromagnetic spectrum into discrete segments. The bands
empioyed in LANDSAT-1 are as follows:

MSS LANDSAT-1 Wavelength,
channel band nm Color
1 4 500-600 green
2 5 600-700 red
3 6 700-800 reflective
4 7 800-1100 infrared

optical system

A system whose basic function involves the recording of a scene
by the use of lenses and/or prisms.

passive system

A remote sensing system which images energy emitted or reflected
as radiation from a given scene. The system produces, transmits,
and records no energy of its own.

permeability
Capacity of a material to transmit fluids.

photographic system
A remote sensing system which produces an image directly on a
film emulsion from reflected electromagnetic radiation of wave-
tengths 1n the visible and near-infrared portions of the EM spectrum.

pExed
Picture resolution element, or one instantaneous field of view
recorded by the multispectral scanning system. A LANDSAT pixel
1s about 0.44 hgctare (1.09 acres). One LANDSAT frame contains
about 7.36 x 10° pixels, each described by four radiance values.

pulatization
The act or process of filtering energy n such & way that the
vibrations are restricted to a single plane. Unpolarized energy
vibrated in all directions perpendicular to the propagating source.

¢



raliance '

Feasure of the radiant energy emtted by a radfator in a given
direction,

raster

A geometric pattern followed by the sending element of a detectorr
syst?m. or by the electron beam of a television transsitter or
receiver,

rectification

The process of coverting a tilted or oblique image to the plane
of the vertical.

reflectance
Ratio of the radiance of the energy reflected from a body to that
incident upon it. The reflectance of a surface depends on the
type of surface, the wavelength of the illumination, and viewing
angles.

reflectance infrared
Radiation in the spectral region from 0.7 to 3.0 u which is
reflected as a result of illumination from natural sources.
The portion of the infrared region which is imaged on infrared
sensitive films extends only to about 1.5 u ; longer wavelengths
are recorded by detection.

resolution
The ability of a remote sensing system to distinguish signals that
are close to each other spatially, temporally, or spectrally.

sensor
An nstrument used to detect and/or record electromagnetic
energy associated with an environmental phenomenon.

signature
A set of spectral, tonal, or spatial characteristics of a
classification serving to identify a feature by remote sensing.

spectral response
Spectral radiance of an object sensed at the satellite and recorded
by the multispectral scanner

supervised classification
Classification procedure In which data of known classes are used
to establish the decision logic from which unknown data sets (e.g., land
uses} are assigned to different classes.

threshold
The boundary in spectral space beyond which a data point, pixel,
has such a low probability of inclusion in a given class that
the pixel 1s excluded from that class.

ik



“raining field
The spatial sample of digital data of a known ground feature
selected by the investigator. From the sample the spectral
characteristics are computed for supervised multispectral classi-
fication of remotely sensed data. The statistics associated with
training fields are often input to the maximum 1ikelihood
rati? computations to train the computer to discriminate between
samples.

VICKERS
The set of c¢lassification programs for ajrcraft and satellite
data handling and analysis developed at the California Institute
of Technology, Jet Propulsion Laboratory (JPL}.

visible
That portion of the electromagnetic spectrum between wavelengths
of 400 to 700 m1limicrons, which corresponds to the spectral
response of the human eye.

wavelength
The distance between two successive crests or troughs of a wave

at uniform frequency and oscillation, measured in the direction
of the propagation of the wave. Wavelength equals velocity divided
by frequency.
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HUMBOLDT STATE UNIVERSITY  Arcata, Cahforma 95521 (707) 826-3946

Department of Geography
DATE: November 29, 1978
TO: Joe Webster

Remote Sensing Project.

FROM: Joe Leeper sz’////

Department é% eography
SUBJECT: HOW KNOWLEDGE MATERIAL FROM NASA WORKSHOP APPLIED

This guarter I have been able to sue a great deal of material and knowledge garnered
during our September workshop. I have prepared a rather extensive slide collection,
especially from the IDIMS screen and from various other imagery available at Moffett
Field., A sample of 1ts usage follows.

1) Geography 190 - Geography for Teachers. This class 1s composed of prospective
teachers who have little if any prior knowledge of Remote Sensing or 1ts applica-
tions. I prepared an illustrative lecture demonstrating samples of imagery and a
handout listing the various addresses of imagery sources. In addition, I tried
to discuss various teaching strategies involving the imagery. They were a most
receptive audience and respresent a group who, i1f they use Remote Sensing, can
reach a rather large audience.

2) Geography 5 - Economic Geography: Three different topics were used during the
quarter (Petroleum Exploration, Land Use Types, and Land Use Plamnning) that had
illustrated lectures using Remote Sensing as a tool. Several people will take
the Remote Sensing class in the sprang if it is offered as they were attracted
by the techniques.

3) T have been invited to speak to our Cartography Club and demonstrate our Landsat
work-up of Humboldt Bay. Larry has also talked to the Cartography Club this quar-
ter so they will have been exposed to Remote Sensing more than once.

4) 1 have given several informal slide presentations to a variety of students, faculty,
and townspeople. Most got off on the U-2 launch, but I have received several in-
vitations to meke formal presentations in the future and in early December I will
be giving such a presentation to a civic group in Fortuna.

JSL:bh

THE CALIT ORNIA STATF UNIVIRSITY AND COLLFGES
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Proposed Paper

The Use of Guided Clustering Techniques to Analyze
Landsat Data for Mapping of Forest Land
Condition in Northern Callfornia

by

Lawrence Fox IIIL
and
Kenneth E. Mayer

School of Natural Resource - Forestry
Humboldt State University
Arcata, CA 95521

U.S. Fish and Wildlife Service
Arcata, CA 95521
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INTRODUCTION

The U.S. Fish and Wildlife Service (USFWS) cooperated
with Humboldt State University and the NASA, Ames Research
Center (ARC), in using lLandsat multispectral (MSS) data to
inventory land condition and vegetation on the Hoopa Valley
Indian Reservation. The USFWS is using this data in their
continuing invegtigation of the declining anadromous fish
population within the Klamath and Trinity rivers.

Landsat digital analysis was accomplished via a remote
computer terminal at Humboldt State University. The terminal
was linked by phone to several computer systems which were ad-
minigtered through the Institute for Advanced Computation (IAC),
an asgociate of NASA, Ames Research Center. The use of the
EDITOR software was critical to the success of this project.
EDITOR is a serieg of interactive sub-routines which allow
the analyst freedom in performing cluster analysis within
specified training areas (guided clustering).

The purpose of thisg paper is to discuss the successful
uge of this analysis technique in defining the maximum numbe?
of spectral classes within any one land condition or vegetation

cover category.

Description

Supervised and unsupervised classification techniques are
the two commonly recognized approaches to multispectral class-
ifications. These techniques have been used successfully in

the past, although operational difficulties exist.
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The supervised approach allows the analyst freedom in
identifying training areas on the ground which represent
apecific resource categories. These areas are used to develop
gets of multivariate statistics which contain means, variances
and covariances.Statistics generated from these areas are then
used to classify areas of unknown composition., A maximum like-
lihood classifier is a common algorithm used in this process.
Difficulties often arise when variances are high (15-30) with-
in a given training area. This is especially common when cluster-
ing is preformeﬁ on areag of natural vegetation. Areas such as
agriculture are less likely to have confusion because of their
consistent composition.

Given a constant Buclidean distance, statistical distances
between classes are reduced when variances are high resulting
in fewer unique spectral categories defined. Areas which appear
to be single cover types on aerial photographs may consist of
geveral spectral classes. The analyst ig often forced to accept
high variances if the area to be classgified is extremely hetero-
geneous,

The unsupervised classification approach can alleviate this
problem, In an unsupervised classification the analyst estimates
a reasonable number of spectral classes that will be representative
of the area. There is no attempt to define small, homogenous
training areas. Multivarate clustering algorithms are used
to assign pixels to the selected spectral classes., Separability
or divergence statistics are evaluated to identify inseparable

clasges. This process may be repeated several times until the
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maximum number of spectral classes are defined. This technique
assures minimum variance within any one spectral category. The
unsupervised approach may cause several problems, however.

The analyst often has little concept of what each spectral
clags represents in terms of resource or land cover category.
Since no training areas are defined, it becomes difficult to
assign meaningful resource labels to individual or groups of
spectral classes. Often the number of spectral classes defined
igs more than twice the number of land cover classes required
for the inventory.

Guided or controlled clustering has recently been reported
in the literature (Rohde, 1978) as a means of solving the pro-
blems generated from the unsupervised and supervised techniques.
EDITOR is a software system that allows either a supervised or
unsupervised approach., Through EDITOR it is possible to use
these in conjuction creating guided clustering.

in our project, we approached the classification problem
with a supervised strategy, using guided clustering. Training
fields were defined for each vegetation category within the
study area. Histograms were constructed from spectral inforﬁétion
in each channel for the categories defined. A visual inspection
of these histograms indicated the number of spectral categories
Present. Our training areas contained between three and six
spectral classes. A minimum distance clustering algorithum was
used to establish the sgpectral classes and separability statistics
were calculated. A geparability of 0.45 for any two or more classes
required that the clustering process be repeated with fewer classes.

Statistical modeling indicated 0.45 as the minimum separability

of



needed to classify with an approximate 0.95 probability of
correct classification (Card, pers. comm. 1978), The cluster-
ing process was repeated specifying more classes when any of
the spectral classes possessed a high ( 10) variance. In this
way a maximum number of spectral classes was assigned to each
land cover category reducing class variance. This process was
repeated for every vegetation cover category defined.

Since each clustering was completed independently, several
spectr%l clagses were inseparable (i.e., very similar statistical-
ly) when statistics from each vegetation cover category were
merged together. The individual clusters were merged and edited
to remove spectral confusion. Additional sets of spectral
classes were merged until all vegetation cover categories had
been included. Separability statistics were analyzed at each
step. A class was always deleted when it conflicted (i.e.,
separability of less than 0.45), with two or more other classes.
Two conflicting clagses were pooled together creating a new
clags if the variances were reasonably low, less than ten;
if the variances of one class was more than ten, it was deleted,
The new class contained all of the pixels present in the two
original classes prior to pooling.

The final spectral classes were merged with the unsuper-
vised classes to include any spectral categories not present
in the training areas. From this, it was possible to define
a maximum number of low variance spectral classes for the
entire Landsat scene. The classes were used to drive a maximum
liklihood classification for all of the training areas. The

clasgification was printed out in alphanumeric code at approx-
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imately 1:24,00 scale. The shape and location of each train-
ing area was preserved on this print out.

U-2, 1132,500 color infrared photography was interpreted
to determine the exact vegetation-cover or land condition at
various points within each training area. This detailed photo-
interpretation enabled us to assign meaningful vegetation cover
labels to the spectral classes defined within the training
fields by guided clustering. However, spectral classes still
existed without resource labels, as some clagses did not appear
in the training areas. A window was selected from the Landsat
scene that was representative of the study area and classified
with the final statistics. The remaining un-named spectral
categorieg were identified and labeled through further detailed

interpretation of U-2 photographs.

Conclusion

Guided clustering was instrumental in defining all of the
spectral variability present in the project area. The maximum
number of separable spectral classes wag defined insuring a

minimum ( 10) variance per class through guided clustering.
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TRIP REPORT

APPLICATIONS ASSISTANCE FACILITY
EROS PROGRAM

NATIONAL SPACE TECHNOLOGY LABORATORIES
Bay St. Louis, Mississippi 39520

August 9 and 17, 1977

I vistted the EROS Applications Assistance Facility on two separate days
in conjunction with my trip to the NASA S1idell training course. The first
visit to EROS was as a member of the group being trained at Silidell. We re-
ceived an orientation lecture and a tour of the facility.

The center assists a user in ordering NASA Satellite and Ajrcraft data
by providing a direct Tink to the Sioux Falls computer and microfiim of Landsat,
Manned Spacecraft and Aircraft imagery. One is able to obtain the ERQS computer
Tisting which results from a géographical computer search while at the center.
The outcome of a search is usually printed within one hour. Microfiim readers
are available for one to view the scenes of interest that are se]e;ted from the
computer 1listing.

The Center also provided assistance in non-digital'image interpretation.
They have photo-interpretation equipment that 1s available for use free of
charge. Anyone may sign-up to use the equipment for a reasonable period of
time on site. The equipment 1s impressive including two Variscan enlargers,
a rear projection 30X enlarger, a Zoom Transfer Scope, several light tables and
B&L binocular viewers, an ISI image analyzer, and digitizing table. The director

mentioned that their emphasis on photo-interpretation of U-2 photography and
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other high resolution data is in conflict with the NASA effort to push Landsat
technology. The people at EROS simply prefer U-2 data andlthey come right out
and say 1t. These "anti-Landsat" remarks were quickly followed with a fairly
strong pitch for Landsat. The NASA aijrcraft program is down-played by stressing
that aircraft data is only available for seme areas and at Timited times. They
point out that Landsat covers every area within the U.S. on a 9 day cycle.
Another service of the center is education in.remote sensing. One or
two hour seminars are given free and a 3% day @raining course is offered at
$140 per student. This course was described as a hands-on workshop in photo-
interpretation ski11is. It appeared from the examples available around the
room that emphasis would be placed on interpreting high altitude color-infrared
transparencies.
Finally, the center maintains their own Tibrary of full reports and micro-
fiche. They will search Titerature in remote sensing and allow one to borrow

the microfiche copies of the reports.

I returned to the Assistance Facility a second time to search the Sioux
Falls computer for Landsat coverage in Northern California and to use their
1mage analyzer. It was very helpful to see the output generated by my Sioux
Falls data search immediately. Particularly important was knowing the number
of accessions. When the search produced few entries, for example, I re-ran it
with relaxed quality and cloud cover specifications,

Dr. Anthony Lewis, a professor at L.S.U., had brought some radar data to
be 1nterpreted as part of a geology study that he was involved 1n. We used an
mmage analyzer manufactured by Interpretations Systems Incorporated and were
not able to bring out the Tinear features,that are often important for geo-

Togic interpretation, any more effectively than we were by using a 30X
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TRIP REPORT

NASA EARTH RESOURCES LABORATORY (ERL)
The S1idell Computer Complex
STidel1, Louisiana 70458

Lawrence Fox - August, 1977

INTRODUCTION:

I have attended an Earth Resources Training Course produced for
Murray State University, Kentucky from August 8 through August 19 (2 weeks).
The course was designed to provide classroom and "hands-on" experience to
5 faculty members fr;m the College of Environmental Sciences, Murray State.
I was able to gaina tremendous amount of experience in processing Landsat
tapes. As a "member" of the group from Murray State I was also able to
observe part of the technology transfer technique employed at ERL. I was
able to talk extensively with NASA personnel and with the people from
Murray to gain a solid picture of both sides of the technology transfer
effort.

This report is divided into five sections -- Technology Transfer at ERL,
The Kentucky Reaction, The ERL Computer System, The Training Course, and

Lessons Learned for Northern California.

I. Technology Transfer at ERL
What is Transferred - The ERL Offer.
The effort at ERL is explicitly limited to transferring the techniques
necessary to process Landsat digital data using a computer. The final

product 1s a geographically referenced land use classification. The view
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of the management at ERL is that only Landsat should be considered and
further, only the computer classification of Landsat digital tapes should

be promoted. For example, a training course management decision*was made
not to purchase an image display system (CRT) which is capable of storing
and showing all four Landsat bands separateily or any three in a color addi-
tive rendition. It was felt that this type of system would promote the
photo-1nterpretation of Landsat Imagery vather than the statistical class-
ification of Landsat digits. They decided to purchase a two channel version
to Timit enhancement capability.

Given the above 1imitations of the transfer effort, the basic ERL
proposition is to provide software and training. A prospective transferee
is first offered a training course (the one I attended) at Slidell fol-
Towed by a period "at home" to collect ground truth. Finally a one week
follow-on course is offered to process their own Landsat data. ERL did
not pay for travel or per-diem, only tuition and supplies were provided
free for Kentucky. ERL usually does not purchase €CT's for prospective
trainees other than the Louisiana data processed in the first course.

ERL then suggests that a group purchase the hardware (computer and
data input/output devices) necessary to process Landsat digital data.
This requires a capital outlay by the transferee of between $100,000 and
$200,000. No brand names are suggested as being superior in quality or
are "recommended” by NASA. Any mini—coyputer system meeting the specifi-
cations provided by ERL may be purchased by the future user of the
technology. ERL then offers to provide all of the software

*As reported by a Lockheed empioyee.



(computer programs) developed at S1idell to purchasers of the
hardware system. Also, people from ERL offer to spend two weeks
at the transferee's facility to "bring up" the system at no cost
to the cooperator.

Even tﬁough ERL clawmms to give private industry equal opportunity,
I feel they do a grave injustice to industry by supplying free software.
The ERL approach may give equal opportunity to the manufactures of
géneral purpose mini-computers but they virtually eliminate people Tike
GE and Bendix from the market place. How does a specialized image
processing system 1ike the Image 100 have a chance priced at about
$500,000 when the NASA, software subsidized mini-compuier system is
available at $200,000 tops?
How The Technology is Transferred

The method is still being reviewed and modified according to
Bob Barlow,an ERL administrator. The process begins when the director
makes a presentation to a group of decision makers in State Government.
ERL offers to provide training and sofiware if the State will establish
a remote sensing center to carry on regional projects in cooperation
with various State Agencies. The State is required to purchase a mini-
computer hardware system or designate a university within the State or
a State Agency to house the hardware system.

PNW type demonstration projects are also a part of the ERL program.
For these, the Landsat data is processed by ERL (Lockheed). For example
one ASVT going on while we were there seemed to be having the transfer
process placed into it. The coopg;ating group was becoming more involved

in the actual processing of data than I am used to seeing.
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As is often the case, the scenario did not develop as planned
in the State of Kentucky. People from Murray State University
contacted ERL before ERL had made complete arrangements with Kentucky
State Government. ERL allowed Murray to come for a two week training
session and will allow them to return for another week to process
their own data. However, that will be the Timit of NASA high priority
cooperation with Murray State until Murray becomes officially designated
by The Kentucky State Government to be a State University Remote Sensing
Center. When and if that happens, ERL will provide software and de-
bugging efforts for Murray State, provided that the University can
purchase the necessary hardware. Barlow made it clear to me that NASA
can not recommend Murray to the State. It has to be the State's choice.
Barlow did provide the Murray people with a 1ist of key State people to

contact however.

The Kentucky Reaction

The people being subjected :to the transfer effort were amazingly
receptive compared with my experience with people in Northern California.
They quickly grasped the significance of Targe area coverage, repeat
coverage, and computer assisted, image interpretation. In short, they
really appreciated the advantages of Landsat. They also perceived the
satellites limitations but did not let those dominate their evaluation.
They were not as "resolution hungry" as the people I‘'ve been dealing
with in Northern Catifornia. The Kentucky group included two geogra-
phers and two agronomists and 1t is 1ikely that they do not have the
resolution raquirements of the natural resource managers we have been

dealing with in Northern California.
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Murray's reaction to the NASA strategy of working with a
State Remote Sensing Center was also positive. A member of the
Murray group mentioned that they would like to see two remote
sensing centers develop within the State, however. One within
their university to train and develop individuals in remote
sensing and one within State Government to be production oriented

toward the inventory needs of government agencies.

The ERL Computer System

The Hardware consists of an image processing system, computer
and an output recording device. The image processing system contains
a typewriter keyboard/CRT terminal so that a user may interact with
the computer and a large 3 color CRT to display Landsat imagery.

The computer can be any small or large CPU equiped with a
FORTRAN compiler. The output devices vary from simple digital plotters
to color film recorders,

A large group of computer programmers (Lockheed people) are located
at STidelt and they are constantly working on more effecient and other-
wise improved programs with the NASA principle investigators there. ATl
of their past, present and future efforts are offered as the software
package from ERL.

Programming exists to do four major tasks. Landsat CCT's are
reformatted and classified according to the maximum Tikelihood decision
rule by the PATREC group of programs. The supervised technique is used
and provision is being added for unsupervised classification. The data

are then referenced to the U.T.M. projection by the GEOREF programs.
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A body of programs exist to then input the Landsat classified data

mto a geographical data base with a minimum cell size of 40 acres.

Finally, applications programs are available to compute acreage,

estimate crop production, measure erosion hazard and calculate
carrying capacity for deer.

The hardware and software systems are described in NASA Technical
Report number TR R-467, "Low-Cost Data Analysis Systems for Processing
Multispectral Scanner Data"by S.L. Whitley. The system we worked on
at S1idell is configuration 4 (p. 27) in that report.

The Training Course

The course began with a two day orientation to remote sensing and
computer proceésing of scanner data. The "hands-on” experience of
computer classification began on day 3 as we selected training fields
on a CCT of the New Orleans area which had been reformatted but not
de-striped Training field selection is a tedious and time consuming
process taking two full days and we only defined five classes of land
use. The clasification was complete by day 6 and we continued to reduce
the unclassified area and improve the classification during day 7. Day
8 was spent referencing the data to the UTM coordinate system. Days 9
and 10 were used to produce black and white plots of the class1f1cation\
and demonstrate the water search programs (new unsupervised techniques)
and the data base programs.

Overall, the course was excellent because it had plenty of time for
experiencing the system first hand. I just could not keep my fingers
away from that keyboard and so acquired the name "Crator Fox", due to

my uncanny ability to blow down the system in an incredibly short
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period of time. We were encouraged again and again-to touch the keyboard
and that no matter what, we could not hurt the machine.

Two major points of criticism however. We diq not really have
any ground truth to use for selecting our trainirrsi ampies. The
people from Kentucky and ‘I were not at all fami%%%r with the area
in sourthern Louisiana and we had no aerial photography to work with.
I know that Tight tables and NASA aircraft transparencies were
available because the NASA principal investigators were using them,
Possibly they did not want us to see the superior resolution of
aircraft data, just a guess. Barlow felt that mine was a valid
criticism and said that more ground truth would be available in
future courses.

Since the course was taught by electrical engineering/computer
programming types, the theory of Statistical Classification was not at
all covered adeguately. My background in remote sensing includes a
good understanding of multivariate classification techniq&ggiand S0
I was not very sensitive to the omission. Most of the others were
completely lost, however, because multivariate discriminant analysis

is not usually covered’in standard university statistics courses.

Lessons Learned for Northern California

I w]11 now be able to communicate and illustrate, using slides
taken at Slidell, computer analysis of Landsat digital data. Also,
I will be able to describe Landsat "at full resolution" since I have
worked with the CRT display. My experience will enable me to build
confidence in the Landsat system among potential cooperators since
1 am now very certain about what the fully computerized system can

and cannot do.
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Requiring the user to purchase a computer seems almost to
transfer the technology by "force". For example, I could imagine a
government agency continuing to use Landsat digital data after they
have determined it will not do the best job for them, It may be
difficult to admit that a $100,000 to $200,000 expenditure was a
mistake. This could be the source of a poor NASA image. By this
I do not mean to impiy that the "NASA process it for you approach"
is superior because here the technology is never really transferred.
Somehow there needs to develop an atmosphere where future users could
be "weaned" away from aircraft phot;graphy, onto automated Landsat
processing and thereby allow them time to carefully consider a

decision to invest in their own computer hardware,
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TRIP REPORT

EDUCATIONAL INSTITUTIONS, MASA FACILITIES,
AND RESEARCH CENTERS INVOLVED WITH REMOTE SENSING
throughout the United States

! Robert T. Hodason - Susmer 1977
INTRODUCTION:
During the summer months of 1977 I travelled 12,000 miles visiting
21 agencies to learn about remote sensing. Basically, my itinerary in-
cluded visits to three types of organizations: educational institutions
involved in the training of remote sensing, NASA facilities charged with
implementina technology transfer programs, and research centers applying
remote sensing technology to the marine environment.
Before embarking on this trip, I had establisﬁed certain_agiéctives
for myself.* Briefly, they were:
1) to become acquainted with the oceanographic applications
of remote sensing technology so that I could become effec-
tive as a technical 1iaison between NASA and local oceano-
graphic-oriented projects,
2) to develop a course, or perhaps a curriculum, in remote
sensina technology for undergraduate students of marine

science, and

*Memorandum 3, 21 June 1977, from myself to the Director, NASA Remote
Sensing and Technology Transfer Project, Center for Community Develop-
ment, Humboldt State University.
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3) to h2lp plan and/or evaluate education programs and facili-
ties being planned for the Western Regional Applications
Assistance Program.

This report is divided into three parts. The first part reflects
my thoughts on transferring the technology of remote sensing to the
oceanographic comsunity. The second part is a journal describing my
activities this summer in chronological order. The third part contains
an cutline for a remote sensina course intended for the Western Regional

Applications Assistance Program.

1 feel the summer has been very rewarding. I am fortunate in having
participated in the remote sensing short course at Purdue and in visiting
various laboratories, agencies, and universities. I have obtained a bet-
ter understanding of how remote sensing can be applied to marine science
and hope that my experiences can be of value to the NASA Remote Sensing

and Technology Transfer Project.
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PART I - Technology Transfer of Remote Sensing to Oceanography

During this susmer, 1 found that oceanographic applications of remote
sensing technology fall into two classes: those in which the color of the
ocean is important versus those in which it is not.

In the first case, some of the techniques developed for the analysis
of multispectral images (Landsat) have been useful in oceanographic appli-
cations, such as in the analysis of chlorophyll distributions or in the
monitoring of oil spills.

However, Seasat-A, a satellite dedicated to oceanic investigations,
does not employ multispectral imaging optics. This suggests that micro-
wave, non-imaging sensors might play the dominant role in oceanographic
applications of the future. Perhaps the most obvious reason for the lack
of optical sensors on Seasat-A is due to the amount of cloud cover nor-
mally present over the ocean coupled with the relatively short residence
time of many oceanic phenomena. Virtually all Seasat-A sensors have all-
weather capability.

1 suspect, therefore, that a transition will occur in the nature of
experiments associated with satellite oceanography. Until the Seasat
Program 1s operational, investigators will continue to employ Landsat-
type methodoloay. Later, the emphasis will probably be in the microwave
region of the spectrum.

0Of course, this presents a oroblem to potential users {and teachers)
of oceanographic applications of remote sensing. They may need to become
trained in two relatively new fields -- multivariate statistics apblied
to pattern recognition and classification, and the interaction of micro-

waves with the sea's surface. I recommend the oceanographic community.
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first be trafned in Landsat-type data analysis in order to appreciate
some of the present applications of remote sensing technology. As future
applications develop, using the microwave region of the spectrum, addi-
tional training will be necessary.

In designing a university curriculum to transfer remote sensing
technology to students of marine science, a fundamental educational
choice must be made -- to train or to educate. In certain technological
areas, for example in the operation of a milling machine, the objective
may be to train, i.e., to teach the solutions to a limited set of pro-
blems. (Many subject areas are not mutually exclusive. Consider the
training, or education, of a physician, engineer, or auto mechanic.)

In choosing an approach that incorporates the technology of remote
sensing into the study of marine science, I have opted faor the latter
'position -- to educate. My choice is partly determined by my philosophy
of undergraduate education and partly dictated by the state of remote
sensing technology 1n oceanography, which is still in its infancy. Pre-
sently, 1 feel there is more to aain by teaching fundamentals, relying
on the student to use new technology in his investigations of the ocean.

To develop a curriculum in remote sensing of the marine environ-
ment, I first listed a number of applications topics. By constructing
a curriculum for each topic, some curricular areas, common to a number
of applications, should emerge. These willrepresnt the basis of a core
course {or courses}. Selif-study units, or seminars, could be developed
for the remaining topics.

As an example, here 1s a list of oceancgraphic topics in which remote
sensing technology could be appiied: sea state measurements, wave statis-

tics, sea ice analysis, ocean current description, oil spill detection,

-4-
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surface temperature distribution, heat capacity measurements, chloro-
phyl1l distribution, fish or mammal distribution, ccean color distribu-
tion, wind speed measurements, tidal analysis, salinity distribution,
and fishing fleet location (especially with respect to the 200-mile
limit).

In order to illustrate the range of curricular subjects related to
these application areas, 1 have chosen chlorophyll distribution as an
example. The associated curriculum might include: basic optics of
water, optics of phytoplankton, principles of ocean color analysis,
characteristic vectors and principal axis transformations, Mueller's
(HASA) and Smith's (Scripps) approach to color analysis, recent papers
by Maul (NOAA), Morel (MIT) and Duntley (Scripps), multivariate statis-
tics, acquisition of remotely sensed data, the LARSYS software system,
physical versus physiological color, etc, This tist is not complete,
but does suggest how remote sensing technoloay might be applied to the
analysis of chlorophyll distributions.

I have not completed the above exercise for all of the applications
topics, but feel confident a core curriculum would include the general
subject of optical oceanography, multivariate statistics, and microwave

interaction with the sea's surface.
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PART II - Journal

July 8 - EROS Data Center, Sioux Falls, South Dakota: Dinah De Kraai,
Protocol Officer.

! spent the day at EROS learning about its general organization,
facilities, and training programs. From my experiences; I feel accessing’
its data by mail would be difficult, especially if a browse file (micro-
film duplicates of EROS data tapes and other imagery) was not available.
Although EROS has produced slide-tape educational packages on subjects
such 3s “how to order Landsat imagery", these cost about $50, are not
widely distributed, and the information in them is not available in pub-
1ished form. In this respect, EROS has not made it easy for potential
users to gain access to its data.

EROS offers two courses a year. The course lasts four weeks and
costs $1500. (A trip to the Black Hills is included.) Occasionally
they send people to teach short courses at UCLA. For government personnel,
they teach a course 1n digital image processing at about $500 per week,
and will provide a technician and an image processing machine, like the
Image 100, for $100/hour. 1

Some educational materials are available gratis at tﬁe facility in-
cluding the LARS minicourses and some similar units produced by EROS. A
description and price list of these materials is appended to this report

as are several other documents I obtained at the EROS facility.

July 8 - EROS Data Center: Gerry Moore, Hydrologist.
My discussion with Mr. Moore was related to oceanographic applications

of remote sensing technology. Moore suggested the following references:

-6~
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a) H. L. Yager, Kansas Geological Survey, Moore Hall, 1930 Avenue
A Carpus West, University of Kansas, Lawrence, KA 66045. He
has written about a way to reduce the effect of sun angle on
effective radiance by comparing the ratio of radiance at two
wave-lengths,

b) Gary Glenn, Regional Research Center ER0OS, Denver Hydrology of
Estuarine and Intertidal Enviromments, Mail Stop 413 Box 25046,
Denver Eederal Center, Lakewood, CO 80225 (303) 234-2320.

¢) Dave Hubble on sediment export (same as above),

d) Marvin Goldbert and E. R. Weiner, Remote Sensing of Hater
Quality, U.S.G.S. Report on a Roman Laser Spectroscopy (no
date).

e} Robert D. Watson, U.S.G.S. Flagstaff, William R. Hemphill, U.S.4.S,
Washington, D.C. and Robert C. Bigelow, U.5.6.5. Denver. Fraun-
hoffer line documentation to determine fluorescence. Applicabie
to oil spi1lls, lignin sulfinate from paper miils, and phosphate
wastes in Fiorida.

f} D.H.P. Boland, U.S. Environmental Protection Agency, Corvallis,
Ore. Publication on trophic classification. EPA-600/3-76-037
April 1976.

July 8 - ERDS Data Center: Dr. Robert Reeves, Staff écientiest.

I had a short discussion with Dr. Reeves over lunch, and he suggested
I contact Gilbert Fraga of the State Water Resources Board in Sacramento.

His interest is in coastal pollution.

Sy
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July 11-15 - Laboratory for Applications of Remote Sensing {LARS), Purdue
University, West Lafayette, Indiana.
I attended the LARS short-course at Purdue to gain a general familiar-
ity with the technology of remote sensing. I had hoped the experience

would allow me to transfer some of the techniques used at LARS to oceano-

graphic problems. Considering the length of the course (one week), I feel
it was successful.. The following summarizes the major objectives of the
course. As s always the case, however, there is room for fmprovement and
I include some suggestions.

Objectives. The Purdue course appears to be tailored to potential
users of remote sensing technology who are more likely to be in an admin-
istrative role rather than in a purely technical one. For example, the
last Tecture of the course is spent explaining how the attendees might
develop their remote sensing programs by coordinating with LARS, j.e.,
via a contract.

The technical content of the course concerns the numerical analysis
of Landsat data as compared to an image oriented analysis. The approach
is to classify pixels by their spectral signature. This is done by creat-
ing an n-dimensional vector, which has components representing the reflec-
tance of the image at severail wavelengths, 1P 20t g Multivar-
jate statistics is used to determine the 1ikelihood that a given pixel
belongs to one of a given set of classes, such as water, corn, soy beans,
or fruit, for example.

However, the course does not dwell on technical details. I would
guess that most attendees leave with only a vague understanding of the

statistical models which separate corn from soy beans. The objective is

to give a basic understanding of how a four-dimensional vector 1s constructed

-8-
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from a spectral signature and how this “feature vector" can be associated
with other similar vectors to define a class.

Methodology. The course is well organized. The syllabus is complete
and the class progresses on schedule from one activity to amother through-
out each day. The course includes “core" material and a series of slide- .
tape minicourses tailored to the interests of each attendee. In addition,
a few hours are set aside for individual conferences with LARS staff.

The core material consists of about-five video-taped lectures on the
mathematical and statistical techniques used to separate feature vectors
jnto classes. The slide-tape minicourses cover topics such as the spectral
reflectance characteristics of vegetation, etc. They are ﬁﬁluable in con-
veying terminology, facts, and elementary concepts common to the field of
remote sensing.

The practical aspects of classifying information in a Landsat scene
are handled through a series of workshops. This is a valuable part of the
course, for all of the attendees gain an understanding of the strengths
and limitations of the computer algorithms. Alsc the role of the analyst
and the interaction between the analyst and the computer is made clear.

By the end of the week, the attendees should be able to use the LARS com-
puter algorithms (LARSYS) to classify their own Landsat scenes, perhaps
with a Tittle help from LARS personnel.

Seminars by LARS researchers were scheduied, but the speakers were
out of town or unprepared.

An optional feature of the Purdue course is the "hands-on" experience.
The hands-on experience is intended to simulate a situation in ;hich one
would have access to a remote terminal -- connected to the LARS computer.
(The third evening is spent making colored polaroid prints from the digital

printout.)



Suggasted Improvements. The following suggestions are meant to be
constructive. I am sure the LARS staff has adjusted the structure and
content of the course often. However, from my perspactive several im-
provements could be made:

1} First, the academic pace of the course is quite slow. There is
virtually no serfous study during the week, nor time for it if the hands-
on option is elected. There are no reading lists nor problems to be
solved. The course could be improved vastly if the attitude was more
scholarly.

2) The backbone of the theoretical part of the course is the set
of lectures by Landgrebe and Swain. Rather than being scattered through-
out the course, I would prefer to see this material Jumped together (not
necessarily at the beginning of the course) with pre-reading, video tapes,
post-reading (individual), and group problem-solving sessions, followed
by a "1ive" appearance by Landgrebe and Swain. This could easily occupy
two days.

3) The lécture notes of Landgrebe and Swain need to be expanded, and
the associated reference material should be made available.

4) Studying the LARS Information Note 110474, which is sent to the
attendees before they arrive at Purdue, was quite useful. I would add a
problem set on elementary statistics illustrating the definitions of mean,
variance, and the covariance matrix.

5) I would delete the evening hands-on option as it was not an effec-
tive use of time. It 1s difficult to Tearn how to access the LABSYS system
1n two evenings. ,Also, the LARSYS documentation is not up to date and the
two of us who elecéed‘this option gained 1ittle confidence in being able to
interact on-line with the computer. However, about 30 per cent of the time
is spent analyzing the computer print-outs. This reinforced the daytime
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material and was a valuable component of the course. It should be incor-
porated into the regularly scheduled activity periods.

6) Reading for the next day should be encouraged.

7) While the workshop is a valuable part of the course, the tempo
should be increased.

Conclusion. In the week spent at LARS, I obtained a good understanding
of the LARS approach to classifying Landsat imagery. 1 learned to appre-
ciate the importance of the analyst's interaction with the LARSYS algorithms
and left with a desire to learn more about the basis of those algorithms.

In short, the course was & success, but from an academic perspective, I

feel there is still voom for improvement.

July 18-19 -~ Space Science and Engineering Centeyr, University of Wisconsin,

Madison: Dr. Thomas Haig, Executive Director and J. T. Young,

feteorologist.

I visited the Space Science and Engineering Center, University of
Wisconsin in Madison to learn about the McIDAS system. McIDAS stands for
Man Computer Interactive Data Acquisition System. Presently the system's
outstanding feature is its speed in acquisition and interaction. In the
future, the system may alsc have greater analysis capability.

The McCIDAS system provides an interesting comparison with the LARS
system at Purdue. McIDAS offers almost immediate data acquisition from
geostationary satellites, and enhancement of dynamic features at the touch
of finger. The system acquires visible and thermal I.R. imagery of the
earth's disk within five minutes of the satellite's transmission‘(every
1/2 hour). A series of images can be sequenced on the television screen
to observe shifting cloud patterns, etc. The LARS system, by comparison,

offers a static display. Its major feature is the ability to handle a
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iarge &mount of data and apply statistical algorithms to classify ground
clements by their spectral signatures.

Since the geostationary satellite also relays meteorological observa-
tions from many ground stations, McIDAS displays and synthesizes these data.
For example, pressure and temperature contours are depicted as well as sur-
face-wind streamlines.

MCIDAS has one disadvantage. however. The system stores data from the
geostationary satellite only if someone wants the data (and is willing to
pay for it). The data are not automatically archived like Landsat images.

A training seminar illustrating McIDAS's capabilities, sponsored by
NSF, was conducted at the University of Wisconsin in June and was attended
by many professors of meteorology throughout the U.S. Another training
session is scheduled for July. These are the only formal training sessions
devoted to the MCIDAS system. '

July 23-25: Department of Geography and Anthropology, Louisiana State

University, Baton Rouge: Dr. Anthony Lewis, Professor.

Dr. Lewis and I discussed his approach to teaching remote sensing tech-
nology. Lewis's courses are primarily geared toward air photo interpreta-
tion or image analysis as contrasted to numerical or digital processing of
images. His introductory course includes a healthy dose of technical
photography, such as use of filters, darkroom experience, and stereo photo-
graphs, etc. As a term project, each student must report on an application
or process of remote sensing. In advanced courses, Lewis introquces radar
imagery, his specialty.

Dr. Lewis supplied me with a number of student reports, pertinent
bibT1ographies, copies of his publications, and course outlines. The out-

1ines are appended to this report.
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July 26 - Institute of Marine Resources, Louisiana State University, Baton

Rouge: Dr. Oscar Huh, Oceanographer and Dr. Larry Rouse, Physicist.

1 visited the Institute of Marine Resources to learn how they are
using remote sensing technology as applied to oceanography. Principally,
they are using sequential MOAA 5 satellite data to describe the onset of
winter cooling in the Gulf of Mexico.

They have assembled a medium-speed, interactive computer system with
a 24-bit, gray-scale plotter. This hardware is used to enhance the infra-
red emittance distributions over the Gulf of Mexico. Huh is philosophically
against using color enhancement in his work, and said the one-to-one corres-
pondence between infrared emittance and gray scale is superior to linking

emittance to a variety of colors.

July 28 - EROS Applications Assistance Facility, Bay St. Louis, Mississippi:

Frank Beatty, Director.

This facility is dedicated to providing service to users of remotely
sensed data.

They offer:

1) short courses (usually 3% days, cost is $140) to train people
how to acquire data and use image enhancement equipment at the
Bay St. Louis Facility,

2) free use of facility ~ optical planimeter, optical drafting,
table for magnifying data fiilm, etc.,

3) a good library (which contains an extensive collection of course
notes from various sources},

4) color enhancement instruments (optical, not computerized},

5) a browse file of Landsat data, and

6) EROS slide-casette modules plus some of the LARS slide-casette
modules.

-13-
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The principal resource they lack is a camputer system to perform numerical
processing of Landsat tapes.

~

July 28 - Naval Ocean Research and Development Activity (NORDA), Bay St.
Louls, Mississippi: Dr. Paul Laviolette, Oceanographer.
I visited NORDA to talk with Paul Laviolette. (I first met him in 1972

when he presented a paper on oceanographic applications of remote sensing.)
Because of the recent reorganization oflthe Naval Oceanographic Office, much
of Laviolette's effort has been spent settingup his laboratory at Bay St.
Louis. He is currently working on an (ADP) unit which can receive images
directly from the NOAA satellite. Although the resolution is degraded, the
real-time capability in the field is useful for conducting oceanographic

experiments,

July 28 - NORDA, Bay St. Louis, Mississippi: Ron Holyer, Oceanographer,

and John Guagliardo, Research Chemist.

‘Ron Holyer is working with Dr. R. Bernstein at Scripps on an oceano-
graphic experiment near Cape Mendocino. There is a good chance that NORDA
can fund HSU to collect some ground-truth data. Also, Holyer provided me
with a set of specifications for a digital image analysis system (appended
to this report) which I thought might be of use to NASA.

John Guagliardo is interested in measuring vertical profiles of tem-
perature within the ocean by using a laser source. I don't understand the

mechanics of this, but he provided me with some pertinent publications.

July 29 - Farth Resources Laboratory, NASA, Slidell Louisiana: Bob Barlow.

I had planned to meet with Roy Estes of this facility, however he was

involved in an auto accident the previous night. Consequently, I only
-14-
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recelved a short tour of the facility by Barlow. However, ERL appeared to
have an established technology transfer program, and since Larry Fox was
planning to participate in the program within a few weeks, I did not press

Barlow for a more extensive tour.

August 2-3 - Physical Oceanography Laboratory, Atlantic Cceanographic and .
Heteorological Laboratories, NOAA, Miami, Florida: Dr. George

Maul, Cceanographer.

Dr. Haul's research interest has been in computer enhancement of Land-
sat images to reveal various oceanographic phenomena. He has devoted some
effort toward mapping the Gulf Stream. Accurate location of this oceanic
current has saved shipping companies considerable revenue.

Maul has taught a graduate course in remote sensing at the University
of Miami, and he gave me a copy of his syllabus (appended to this report).
In contrast to Lewis's course, Maul's approach is quite mathematical -- he

begins with the equation for an oscillating dipole!

August 8 - NASA Headquarters, Washington, D.C.: Don Montgomery,

I went to NASA headquarters to discuss the Seasat program with Don
Montgomery. We talked about the overall organization of the Seasat program
which reflects the needs of several user communities -- governmental agen-
cies, academic research institution and private industry. Because of the
various affiliations of the experimental teams, the project is funded by a
variety of separate agencies.

One of the unusual features of the Seasat program is the participation
of private industry. They have outlined several experimental objectives:

1) Better routing of ships to optimize routes based on sea state and

~-15-

135



currents, and to ocptimize routes for temperature sensitive cargos,
he.g. oil cannot be pumped if it is teo cold, so ship-time is wasted
tn port while heating the cargo.

2) Better envirowmental prediction for oil exploration in potentially
hazardous environments (Alaska). A consortium of six oil companies
has contracted to obtain a wave spectra model for Guif of Alaska:
and a real-time forecast ability.

3) Manitoring of ice pressure ridges for ice breaker design and routing.

4) Monitoring ice berg movements.

5) Predicting annual goose inventory by obtaining environmental infor-
mation on their arctic nesting habitat.

6) Locating salmon and albacore by their association with thermal
fronts.

7) Preventing equipment Toss in the crab fishery by better weather and
{ce forecasts.

8) Providing better environmental forecasts for the Interamerican
Tropical Tuna Commission.

I have appended a few documents that I acquired at NASA headquarters

pertaining to the experimental plans and cost-benefit studies.

August 9 - U.S. Geological Survey, Reston, Virginia: Dr, Paul Teleki,

Environmental Team Leader, Synthetic Aperture Radar System.

The Synthetic Aperture Radar (SAR) to be flown on Seasat is perhaps the
most complex instrument planned for this satellite. Dr. Teleki is responsi-
ble for coordinating this experiment. He is rather skeptical of many of the
‘applications” experiments associated with other satellite programs. He
views Seasat-A as a research vehicle and hopes the results obtained from
this satellite will yield significant "scientific" results. He is also
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scmewhat pessimistic regarding the funding of Seasat, arguing that too
meny governmental agencies are involved. Consequently, no single entity

achieves a holistic view of the program.

August 10 - General Electric Company, Beltsville, Maryland: Howard Heydt.

I visited G.E. to see the capabilities of the Image 100 system which
they demonstrated.

August 11 ~ HOAA Mational Envivonmental Satellite Service, Washington, D.C.:
Frank Kniskern, Russ Kofflev, Dr. Richard lLegeckis, and Dr.
John Sherman IIT1.

Kniskern's primary interest is in the analysis of arctic ice. WHWe also
talked about the costs and delivery times associated with obtaining data
from NESS. (I did not take good notes on this, however, I believe the cost
is about $3.00 per scene and $50 for data tapes.)

Dr. Legeckis and T talked about the education of a "remote sensor."

His attitude is traditional -- teach basics so that as applications develop,
users will be prepared to accept the technology.

Dr. Sherman has supported considerable work in optical oceanography
related to remote sensing applications. 1 believe he would be receptive to
a proposal from us if we could develop a good experiment off the northern

California coast.

August 12 - NASA Goddard Space Flight Center, Beltsville, Maryland: Dr.

Philip Cressy, Jr., Buzz Sellman, Or. Nick Short, Dr. Jim

Mueller.

I met with two groups at Goddard ~- one assigned with the development
-17-
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of zn AppYications Assistance program and the other devoted to ;esearch
activities.

The applications assistance program is divected by Dr. Philip J. Cressy,
Jr. This group is responsible for implementing the NASA “technology trans-
ferf directive. This program is still in the formative stages. They claimed
* their ability to expedite the development of their program has been hampered
by excessive administrative review and approval procedures.

The technology transfer program at GSFC has three elements: a marketing
group to investigate potential users, a training and user assistance group,
and a hardware (and software) group.

The training and user assistance program is headed by Sellman. However,
this program is also influenced by Nick Short who presently acts as a staff
advisor to Cressy.

Short has prepared a valuable document outlining some of the desired
elements in a training program. I agree with a number of his ideas regarding
the means of implementing educational programs and believe this document
could serve as a framework for designing our own programs (at AMES). Short
may be available on 10-11 November to discuss educational policies. 1 feel
we should take advantage of this opportunity to meet with him at AMES.

One of the principal decisions to be made in developing a user-assis-
tance program concerns the output mode of the data. In this regard, Sell-
man made a valuable criticism of the S1idell facility. He feels a trainee
at Stidell leaves with a need for a $100K image-processing facility and a
rather poor understanding of the basic functions "behind the push buttons.*
He feels a better approach would be to train potential users on a remote
terminal, to emphasize statistical basics, and to teach the interpretation
of alpha-numeric outputs. The training of a person in this type of program
would cost only a few hundred dollars.
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Cressy’s past training programs have been handled in two ways. He
has sponsored courses at Penn State (Cressy promised to get m¢ a course
syllabus for an up-coming course) and he works with potential users on a
one-on-one basis. His philosophy was stated emphatically -- “to cut the
cord" and end the user's dependence on support from his laboratory once
the trainee reaches a certain level of confidence.

On an important but separate topic, Cressy said to keep an eye on a
relatively new computer company, Commodore, which has entered the mini-
computer field. Evidently they have, or will have, a system equal in
capacity to the HP system now used for image processing -- at a fraction
of the cost.

Cressy's group is also evaluating several hardware components asso-
ciated with digital image processing, such as line printers and keyboard
consoles. Their experience may prove useful to NASA Ames when we begin
ordering equipment.

1 also met with Jim Mueller who works under Vince Salomonson in the
R & D group at GSFC. Mueller is an oceanographer interested in the color
analysis of ocean water, an extension of his Ph.D. work at Oregon State
University. He is aiso using remotely sensed data in the analysis of sea
ice and oceanic heat capacity.

Mueller's thesis on ocean-water color is quite appropriate at this
time because he examined the statistical independence of wave-length
bands used to describe ocean-water color. This kind of information is
pertinent to deciding how many and which spectral bands are necessary to
describe ocean-water color. From recent measurements, he feels his

Oregon results are applicable over a larger geographical area.
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Hueller is continuing his work in this field and will be at Ames
during the sccond week of September forU-2 flights over Monterey Bay.

He has contracted with Oregon State University and the Navy Postaraduate
School for support activities.

Ocean-color analysis, even though it.is an extension of Hueller's
thesis, is not the major activity in Mueller's group. Most of their pre-
sent activity concerns the relationship between the ocean's heat capacity
and climate. This work is in anticipation of future satellite measurements.
Another activity being pursued by this group is the analysis of Antarctic

sea ice.

August 15 - Smithsonian Institution, Washington, D.C.

I spent the day at the National Air and Space Museum.

August 22-23 - Technology Applications Center, University of New Mexico,

Albuguerque, New Mexico: Dr. Stan Morain, Director.

Dr. HMorain is presently involved in a project, under contract to
Moonyhan at Slidell, quite similar to the one I've been looking at this
summer ~-- to assess what user needs are, especially in the academic com-
munity, and to advise Slidell of what training programs are necessary to
meet those needs.

Morain felt very strongly about the location of technology trans-
fer centers. He believes applications centers should reside in the univer-
sity system, instead of being located at NASA research centers. From his
perspective, then, he believes the NASA monies for technology transfer
should be used to activate an existing academic institution (1ike Humboldt

State University) rather than to develop a separate facility near AMES.

«20-

j4°



Morain has assembled educational materials for a number of courses
for a variety of users, but unfortunately, the information is proprietary
to the compantes that pay for the courses.

August 29 - Scripps Institution of Oceanography, La Jolla, California:

Dr. R. L. "Buzz" Bernstein, Mr. Gerry Mchally.
I met with Bernstein and McNally to discuss an eiberiment near Cape

Mendocino planned for this September. The experiment 1s designed to examine

the hypothesis that the barotropic component of the oceanic velocity field

is diverted seaward by the Mendacino Escarpment. Evidence that cold up-
welled water is diverted offshore is available from satellite thermal images,
and Bernstein believes this surface water is coupled to the barotropic com-
ponent below.

HSU can help in this experiment by launching two parachute drogue
buoys during our student cruises this September. The buoys will be tracked
by sateilite. 1If all goes well, Bernstein suggested a data meeting in a
few months to discuss the results.

1 also talked with Terry Hendricks who has been involved in coastal
currents studies (he was the California Water Quality Control B8ocard's repre-
sentative on a coastal current project in which I was involved last year).
He has looked at NOAA 5 data in the Southern California Bight and has done
some analysis with this data. His data suffers from the same malady that

will most Tikely affect us -- overcast conditions for months at a time.

August 31-September 1 - Jet Propulsion Laboratory, Pasadens, California:

Len Bryan.
Len Bryan and I spoke about the SAR system on Seasat and a few of its

interesting applications -- the measurement of ocean wave lengths, the
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. identification of fishing boats within the 200-mile limit, and the analysis
of sea ice, his main interest.

The most enlightening part of our conversation related to the state
of many Seasat experiments. Since there had been some controversy over
whether microwave systems would be able to measure sea surface features,
several instruments were flown on an experimental basis. Data on several
phensmena now exist, but the relation between their cause and effect has
yet to be understood. Thus the emphasis of the current Seasat-A experiments
is on research -- to understand the microwave interaction at the sea's sur-
face. Applications programs, such as those associated with the Landsat

satellites, are still in their infancy.

September 2 - Department of Geography, U.C. Santa Barbara: Dr. Jack Estes,

fred Ennerson, Earl Hajié.

UCSB has an established remote sensing program and my interest there
was to learn about their program and compare it to others. They offer a
three quarter sequence: Photo Interpretat}on, Remote Sensing, and Noncon-
ventional Imaging Systems (I.R. and microwave). In the Remote Sensing
course, students are encouraged to take a concurrent course in elementary
statistics. I was interested in this because of the statistical concepts
involved in the analysis of multispectral images. More complex matters of
multivariate statistics are taught in an in-house "quantitative methods in
geography” course. By talking to two of Estes's grad students, I felt they
had a basic knowledge of maximum likelihood ratios, decision functions,
and Fourier transforms -- even though I doubt they would be able to calcu-
late any of these functions. Their point of view was that the geographer
and electrical engineer looked at two sides of the remotely sensed image.
What the geographer lacked n quantitative ability, the engineer lacked in

“viewing the landscape".
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Thair courses are supplemented with laboratory sessions at a computer
termingl. Hajic promised to send me a hand-out set for the lab sessions
and will send some of the students' term papers if I requast them (I was
interested in ore on marine aspects and another on land use which included
some color photos 11lustrating ground truth).

Their software (LARSYS and DIRS) is being changed from BASIC to UNIX.
Their facilities include a PDP 11/45 and an 125 VP-8 image analyzer.

I recefived a syllabus for each course they offer and Ennerson demon-
strated the library routines on UNIX. (Incidentally, he may be a good con-
sultant to s;t up a system!) :

September 6-9 - NASA, Ames-Research Center, Mountain View, California.

The visit to Ames culminated my two-month visit to various NASA faci-
Jities, educational institutions, and research institutions. [ participated
in a variety of administrative and technical meetings related to Western

Regional Applications Program.
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PART 111: Proposed Outline for a Remote Sensing Short Course Intended

for the Mestern Regional Applications Assistance Program.

Objectives:

1)

2)

Methods:

N
2)
3)
4)

5)

6)

The principal objective is to learn how Landsat-type data can
be interpreted to reveal meaningful information about our
resources.

An additional objective is to acquaint the student with several

types of computer hardware systems that are capable of process-
ing Landsat-type data.

The core of the program will be developed through the traditional
Jecture/problem set technique. The subject material will fall
into the disciplines of physics and statistics.

Evening reading assignments will precede the next day's activities.
The first reading assignment should be completed before the course
begins.

Some "core" material will be presented via 35mm slide-tape units.
Elective stide-tape units will be available.

Laboratory "work sessions” will be centered on a case study of the
analysis of a Landsat scene, and a demonstration and "hands-on"
experiences related to computer hardware selection alternatives.

Individual conferences with applications experts.
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0830 Course description: goals and methods

a) Information content in electromagnetic signatures of the
earth's surface.

b; Obtaining data from the government.

c} Computer systems hardware alternatives.

0930 Have students submit information relating to individual interests
in course.

COFFEE
1000 Introductory lecture: Remote sensing technology.
*LARS IN 110474
Question/Answer period.
1100 Minicourse: The physical basis of remote sensing {LARS MC).
1200 LUNCH
1300 Minicourse: Multispectral scanners (LARS MC).

1400 Discussion of Landsat with an emphasis on the data-handling system.
The objective is to show relationship between the geographical
pixel and the corresponding location on the data tape as it is
archived at ERQS.

Problem: calculate the number of bits in a Landsat scene.

1430 Introduction to computer hardware systems. Emphasis is on what
kinds of hardware (specs) are necessary to get data off tapes
and into memory. Do not present "data analysis" software yet.
Concentrate on the amount of information and accessing ease vs.
cost.

1530 Lab I - Hands-on experience of getting information into memory.

1630 How to order Landsat-data.

Homework: Fill out Eros forms
Reading for next day: - LARS IN 031573

1930-2100  COCKTAIL PARTY

*Material to have been read before classroom presentation. LARS IN means
LARS information note. LARS MC means LARS minicourse.
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0930

1030
1130

1300
1330

1430

1530

1600

1900

0800
0830

1000

Check EROS forms.
Elementary software packages: regridding, geometrical corrections.
COFFEE

Lecture: Machine processing of remotely sensed data.
* ARS IN 031573

Lecture: Spactral reflectance characteristics of vegetation.
Problem set -- to be completed before lunch.

LUKCH (correct problem sets)

Review of problem set.

Lecture: Introduction to quantitative remote sensing (pattewrn
recognition and temporal variations) -- after Landgrebe's notes
and video tape,.

Minicourse: Spectral reflectance of characteristics of earth
surface features (LARS MC).

Lecture: On the multivariate approach -- after Landgrebe's
notes and video tape.

Review of statistics -- covariance, covariance matrix, correla-
tion. .
Problem set on the above.

Evening seminar on some application of remote sensing -- perhaps
the noxious weed (?Ragwort) study by Ethel Bauer.

Review of problem set.

Minicourse: Interpretation of multispectral scanner images --
LARS MC.

éOFFEE

Lecture: System parameters fundamental to information extraction
-- after Landgrebe's notes and video tape.
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1160

1300
1330
1500

1600

1900
DAY 4

0800
08390

1000

1100

1300

1500
1600

Minicourse: Pattern recognition in remote sensing (LARS KC),
LURCH

Discussion of previous minicourse.

Minicourse: Typical steps in numerical anmalysis (LARS ¥C).
COFFEE

LAB I1 - Application of the minicourses on pattern recognition
and numerical analysis.

Lab TII - Application of some "analysis"” software.
Problem set:
Reading assignment: LARS IN 111572

Evening seminar - PNW Project.

Review of problem set.

Lecture: Pattern recognition for remote sensing applications --
after Swain's notes and video tape -- LARS IN 111572.

COFFEE

tab IV - Review of hardware options on "how to build your own
processing center".

Lecture; Cluster analysis and sample classification.
*LARS IN 111572

LUNCH

Lab V - Cluster analysis
COFFEE

Minicourse: Elective

Minicourse: Elective
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Review of problem sets.

0830 Lecture: A look at other (Non-lLandsat) types of remotely sensed
data.

0900 Minicourse options: Radar, thermal IR, and various applications.’
COFFEE

1000 Introduction to browse files.

1100 Lab VI - Input-ocutput devices.
LUNCH

1300  Individual discussions with applications experts.
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HUMBOLDT STATE UNIVERSITY Arcata, California 95521 (707) 826 3931

Department of Gealogy Gctober 13, 1977

Mrs. Donna Hankins, Director
Northern California Remote Sensing
and Technology Transfer Project
Center for Community Development

Humboldt State University
Arcata, CA 95521

Dear Donna:

In our conversation over lunch last Wednesday, we discussed procedures for
grant applications in the remote sensing field. The conversation and your
enthusiasm encouraged me to present an idea that I have been mulling over
since I did field work for Exxon in southwestern Colorade in 1971 and 1972.
I have not followed up on the idea previcusly because I am somewhat ignorant
of what types of imagery are available and I am virtually untrained in remote
sensing technology. The possibility of receiving the training I will need
and of obtaining the proper 1magery for this project prompts me to write to
you now. I believe the project has merit and I am convinced that at least
one of the members of the HSU Geology faculty should be well-versed in
modern remote sensing applications.

I have outlined briefly on the attached pages the research I would Tike to
carry out, as well as the benefits that should accrue to me and to the
University if the project receives support. I will appreciate any comments
or suggestions you and your associates may have regarding the proposal, and
any help you can give me 1n Jocating the proper agency to review the proposal.
I will be grateful for any assistance you can give me.

Sincerely,

dohn D. Longshore
Professor
Department of Geology

JDL :bw

Attachments

THE CALILORNIA STATI UNIVERSITY AND COLLLGES
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IDENTIFICATION OF CALDERAS, VOLCANO-TECTONIC STRUCTURES,
AND HYDROTHERMAL ALTERATION ZONES USING
REMOTE SENSING IMAGERY

Background and QObjectives:

The San duan volcanic field of southwestern Colorado consists of intermediate
to si1licic volcanic flows and plugs of Tertiary age covering an area of over
20,000 square kilometers. An unknown number of vents erupted voluminous ash
Tlows, subsequently collapsing to produce calderas or elongate depressions

from five to forty kilometers in Jength. Uplift, glaciation and stream erosion
have partially obscured many of these major volcanic structures, though in some
cases stream valleys developed around resurgent caldera margins, accentuating
the shape and form of the structures. Soon after mining activity began in the
area 1n the late 19th century, geologists recognized that many of the caldera
coliapse structures served to control hydrothermal and ore-bearing sclutions.
Several of the calderas (Silverton, Creede, Lake:.City) became important goid,
silver and base metal mining centers.

The first major geological study of the San Juan region was written by Larsen
and Cross in 1956. Since that time detailed maps of several smaller areas
within the region have been published (for instance: Lipman, 1976; Luedke,
1962, Steven and Lipman, 1976; and others), and extensive research has been
done on the area's mining districts to determine ore controls and types (for
instance: Varnes, 1963; Steven and Ratte, 1965, and others). Mapping by

U. S. GeoTogical Survey scientists helped to Tocate several caldera collapse
structures and volcano-tectonic features that are topographically obscure
(L1pman, 1975, Lipman, et. al., 1973, Steven, 1975).

The objective of this proposed research 1s to determine 1T remote sensing
mmagery can delineate details and minor structural features of the known
caldera and volcano-related structures within the San Juan field, and to

Tocate collapse structures and vents associated with ash flows whose source
areas have not yet been 1dentified by surface mapping. An additional objective
will be to 1dent1fy hydrothermally altered zones within the volcanic field by
1magery analysis, as these zones are obvious targets for mineral exploration.
Results of this study should be of immediate interest to governmental agencies
and min1ng companies concerned with mineral resources of the area.

Proposed Plan of Research.

I betieve the objectives of this research can be achieved within two years;
the work should be divided 1nto two phases:

1. Training and preliminary imagery analysis
I have taught geology for the past twelve years; I have spent several
f1eld seasons 1n mineral exploration for industry and I am familiar
with most classical mapping techniques and geological interpretation
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Identification of Calderas, Volcano-Tectonic
Structures, and Hydrothermal Alteration Zones
Using Remotie Sensing Imagery Proposal Page 2

methods. I have also written general geological descriptions of regions
in the United States for instructional use, utilizing Landsat and Skylab
imagery. However, I have had no formal training in remote sensing,
modern imagery interpretation, nor even in the types of 1magery that

are available today. I will not be abie to do thi1s research properly

w1 thout additional training, and my hope is that I will be able to
pbtain the necessary instruction at one of the N.A.S.A. regional centers,
perhaps by working directly with the personnel there. If this can be
accomplished in the summer of 1978 (6-8 weeks ? )}, I should be able to
complete preliminary analyses of available imagery (Landsat, U-2, Skylab,
tow-Tevel aircraft) during the 1978-79 academic year.

2. Field checking and final 1magery analysis
I do not believe that preliminary results of imagery analysis will be
supportable without ground checks to determine accuracy of the inter-
pretations. Field inspection of possible Tineaments, rock types,
collapse features, and alteration zones 1dentified with 1magery would
veri1fy the accuracy and reliability of the interpretations. Field work
1in the San Juans should occupy from si1x to eight weeks of the summer of
1979. Final imagery analysis and drafting a report could be accomplished
during the 1979-80 academic year.

Expected Results and Benefits of the Research:

Results of the project should be of direct benefit to mining firms involved 1n
mineral exploration 1n the San Juans. Faults, collapse features, and alteration
zones which might be undetected by ground surveys or which might take months to
map by field teams, may be detectable and mappable using remote sensing. The
results could accelerate exploration 1n the area. I spent three field seasons
 the western San Juans and I know that mapping 1n the area is extremely diffi-
cult due to the rugged terrain. Maps and interpretations derived from the
project should also assist the U. S. Forest Service,which 1s responsible for
managing the majority of the area. If successful, the research should serve

to stimulate use of remote sensing data in Tocating volcanic structures and mineralized
zones in other areas of the western United States, particularly Nevada, Idaho,
Oregon and Washington.

Additionally, though perhaps less easily measured, the benefits of the project
would accrue to the Geology program and students of Humboidt State University.
The Geology faculty does not have a staff member trained in modern remote
sensing. We offer a course in aerial photograph interpretation which could and
should be expanded to encompass other remote techniques 1n order to prepare
students for jobs of the future.

In this context, the training and experience I would receive from this project
would be highly beneficial to future generations of students at Humboldt. As
with a1l other research done by the Geology faculty at the University, I plan to
nvolve students in this project to assist with both wmagery interpretation and
with the field work.
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APPENDIX III

Documentation. Community Workshops, Presentations and
Lectures as Part of Grant Activities

* Lists of training workshops and community presentations

* YA Forum for the Exchange of Information on Available
Resource Management Data and Data Most Needed by People
and Agencies in Northern California”, Report on Workshop
in Weaverville, July 12-13, 1978 by Kamila Plesmid
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TRAINING DATE } WHERE NUMBER | PRESENTOR(s) LEVEL OR TYPE OF NOTES
ATTENDING PRESENTATION
Hoopa/Yurok 6/29/77 Meitchpec 8 L. Fox, Introduction/ 4 Introduction to Grant
Indians J. Webster, Planning program, begins
K. Plesmid, coordination for project
L. Archambeau plan,
Hoopa/Yurok 7/18/77 HSU, 8 L. Fox, Coordination/ Input to General Plan
Indians Arcata, CA J. Webster, Training development.
K. Plesmid,
D. Hankins,
L. Archambeau
Humboldt County 9/26/77  |tureka, CA 30 D. Hankins, Information/ Workshop to inform
Board of L. Fox, Instructional Board of Supervisors and
Supervisors J. Webster, to present basics of
K. Plesmid, Remote Sensing.
L. Archambeau
Ida Hoos Workshop §9/27/77 [|Eureka, CA 30 D. Hankins, Instructional Led to development of
L. Fox, program of Social action plan for HSU
J. Webster, Aspects of Remote professorial involvement.
K. PTesmid, Sensing Technology
L. Archambeau
Agency/Staff 10/15/77 mrcata, CA 27 L. Fox Instructional/ Provided both agency
Workshop basics of Remote personnel and staff with
(7 Federal, State Sensing Technology.i full range of technological
and Local Reps.) Applications - developments.
Overall Training.
Humboldt County 11/14/77 Eureka, CA 26 D. Hankins, Instructional/ DeveTop coordinated
Department Heads L. Fox, Coordination program for Humboddt
and Staff J. Webster County 1nvolvement
with project.
Faculty Workshop 12-3-77 & HSU, 52 D. Hankins, Training/Planning Instruction on basics
HSU 1-7-78 | Arcata, Cj L. Fox, of Remote Sensing and
J. Webster, planning of faculty
R. Hodgson 1nteraction with grant.
Mendocino 1-22-78  Mendo- 17 D. Hankinss Instruction/ Inform on basics of
Community cino, CA J. Webster, Simulation activity| Remote Sensing - use
Organization ' K. Plesmid, of simulation activity
L. Fox to "teach" Remote Sensing.
Remote Sensing of |1-11-78 toHSU 126 L. Fox, Introduction/ Ten week course offering
the Environment 3-15-78 Arcata, C/ Training to HSU students and
community attendees on
full theory and application
of Remote Sensing. Course
being continued as HSU
department offering.




TRAINING DATE WHERE NUMBER PRESENTOR(s) LEVEL OR TYPE OF NOTES
ATTENDING PRESENTATION

Department of 2-3-78 HSU, 7 D. Hankins, PTanning/ Initial contacts/information

Water Resources Arcata, CA L. Fox Instructional for possible program
with Trinity River Task
Force.

Department of 2-27-78 Red Bluff,| 25 D. Hankins, Instruction Instruction on basics of

Water Resources ' CA S. Norman, 1 +Remote Sensing and project

P. Willrams planning.

Landsat C 3-3-78 to [Santa 350 L. Fox, Informational Fox worked with industry

Conference 3-5-78 Maria, CA D. Hankins representatives on
reflectance and tools for
Landsat data. Hankins
coordination, organizer of
conference program.

Remote Sensing of |3-15-78  [|HSU, 120 D. Hankins Instructional Social mmplications of

the Environment Arcata, CA Remote Sensing technology.
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COMMUNITY DATE WHERE NUMBER PRESENTOR(s )} | EVEL OR TYPE OF NOTES
PRESENTATIONS ATTENDING PRESENTATION
Citizens Task Force |6-6-77 HSU, 15 Ip. Hankins, Informational/ Inform task force of
Arcata, L. Fox, Coordination grant award and
CA J. Webster, anticipated activities.
K. Plesmd .
Arcata Redwood 7-25-77 Rrcata, CA 4 L. Fox, Informational [Explained program--
Corporation K. Plesmid gained industrial
participation with
task force.
Louisiana Pacific |7-27-77 Fureka, 4 L. Fox, Informational Explained program--
Lumber Company CA K. Plesmid gained industry
representation to task
force.
Pacific Lumber 8-1-77 Scotia, 3 L. Fox, Informational/ Very interested 1n
Company CA K. Plesmid Basic developing an industrial
project--representation
) gained for task force.
Humboldt Bay 8-11-77 Eureka, 15 D. Hankins Instructional/ Activities of grant and
Municipal Water t CA " Informational 'program developments.,
District
Arcata Rotary Club |8-24-77 Arcata, CA] 50 D. Hankins, Informational Develop contacts and
K. Plesmid support with local
business groups.
County Library g-21-77 Eureka, 50 K. Plesmid Instructional/ Instruction in how
In-Service Workshop CA Informaticn Remote Sensing could
be used in Elementary
schools.
Citizens Task 9-22~-77 HSU, 22 D. Hankins, Informational/ Periodic review of
Force Arcata, CA L. Fox, Coordination grant activities - request
J. lWebster, for support of future
K. Plesmid activities.
Ferndale Lions 10-26-77 {Scotia, 20 K. Plesmid, Information General presentation of
Club CA J. Webster grant and Remote Sensing
' applications.
Natural Resources | 10-27-77 {HSU, 15 D. Hankins Information Solicit support and/or
Honor Society Arcata, CA research programs
_ from students.
Eureka Southwest 10-28-77 |[Eureka, 40 K. Plesmid Information General presentation
Rotary Club CA of grant and Remote
Sensing applications.
Waiden, 11-1-77 Walden, 30 D. Hankins Information Presentation on Remote
Colorado Colorado Sensing and grant to

State of Colorado
ropresentatives. Observe
COMARC, Inc. Community input
@ decision rgking - Delggn




COMMUNITY DATE WHERE NUMBER PRESENTOR(s) LEVEL OR.TYPE OF NOTES
PRESENTATIONS ATTENDING PRESENTATION
American Society of] 11-17-77 |Eureka, 50 D. Hankins Informational Speaker at Symposium.
Civil Engineers . CA
Humboldt County 11-15-77 {Eureka, 35 D. Hankins Informational Activities/accomplishment
Business Women's CA of grant program.
Club
Fureka Lions Club {12-8-77 Eureka, 45 K. Plesmd Informational General presentation
CA of grant and Remote
Sensing applications.
McKinTeyville 1-24-78 McKinley- 25 K. Plesmid Informational General presentation
Lions Club ville, CA of grant and Remote
Sensing applications.
Northcoast Counties|2-2-78 Santa 20 D. Hankins, Informational/ Presentation of grant
Supervisors Rosa, CA L. Fox, Instructional and NASA wrap program
Associations S. Norman, 1n Northern California.
P. Williams . —
Career Development | 2-7-78 HSU, 30 J. Webster, Informational/ [Presented career potentials
Workshop Arcata, CA L. Fox, Instructional in Remote Sensing - y
K. Plesmid bas1cs of Remote Sensing.
California Remote {2-9-78 Sacramentgd 15 D. Hankins Organizational
Sensing Advisory CA Meeting
Committee
HSU Engineering 2-17-78 HSU, l 30 K. PTesmid Informational Dverview of Remote
~ Club Arcata, CA Sensing and potentials
“ for careers.
~XTele Conference 3-23-78 NASA Ames 4 P. Williams, Telaecommunications
K. Plesmid conference with
Dr. Roberson and
Calio on grant
activities.
Trinity River 3-28-78 Weaver- 20 D. Hankins, Informational/ Presentation led to
Task Force viller,CA S. Norman, Instruction support for California ASVT
1T federal, state P. Williams,
and Tocal agencies) J. Webster,
K. Mayer
Space and Air 4-11-78 to|Eureka, 50 Informational 'n conjunction with
Symposium 4-12-78 CA Northern California
High Schools presented
grant program and Remote
Sensing applications.
In cooperation with
California Museum of Science
and Industry.




COMMUNITY DATE WHERE NUMBER PRESENTOR(s) LEVEL OR TYPE OF NOTES

PRESENTATIONS ATTENDING PRESENTATION

California Remote [4-13-78 Berkeley, 30 J. UWebster Organizational/ Sol1dify organizational

Sensing Advisory CA Presentation structure, plan future

Comm1ttee 1nteraction.

Indian 4-12-78 2 s1tes: 200 K. PTesmid/Project Informational/ Developed video-tape

Telecommunications Montana & Instructional presentation on project

Project New Mexico activities. Transfer of
technology to Tocal
Indian groups.

Siskiyou Conferance}4-14-78 to{Weed, CA 120 D. Hankins Informational Presentation of program

4-15-78 objectives/activities

to conference--partici-
pation on regional panel.

American Institute |4-22-78 Monterey, 75 D. Hankins Informational Presented panel discussion
of Planners \ CA * and address on Remote
Conference Sens1ing.

Environmental 5-10-78 IHSU, 10 K. Plesmid Informational [Tass is elementary age -
Education Arcata, CA use of aerial photos

for map-making--tour
of HSU Library display.

8S/




STATE

CA

CA

CA

CA

CA

CA

tst

CA

CA

CA

CA

CA

LOCATION--GROUP

HSU, Arcata

Ames Rsch Ctr

HSU, Arcata

Mendocino--
Community Group

McKinleyville--
Lions Club

Santa Rosa

-

HSU, Arcata

Sacramento

Santa Maria

HSU, Arcata

Red Bluff

SUBJECT

Faculty Workshop

Computer Workshop

Faculty Workshop

Testing of simuiation game

Remote Sensing presentation

WRAP-HSU presentation to Northern
California County Supervisors
Association  (NCCSA)

Career Development Workshop Day

CRSAC Charter meeting

Planning meeting for Landsat C Conference

Presentation to Engineering Club

DWR, Trinity River Workshop

NO. OF

PARTICIPANTS  SCHEDULED  COMPLETED
26 12/3/77 12/3/77
7 11/30- 12/2/77
12/2/77
26 1/7/78 1/7/78
75 1/22/78 1/22/78
25 1/24/78 1/24/78
20 2/2/78 2/2/78
30 2/7/78 2/7/78
15 2/9/78 2/9/78
6 2/11/78 2/11/78
30 2/17/78 2/17/78
25 2/27/78 2/27/78

LECTURER

Fox

Fox

Projgect
Staff

P]esm1§

4 —

Hank1ins,
Fox,Webster,
Norman,
Williams

Fox ,Webster,
Plesmid

Hankins
Hankins
Plesmid

Webster,
Hankins,
Willirams,
Butler,
Ncrman



NO. OF

STATE  LOCATION--GROUP SUBJECT PARTICIPANTS SCHEDULED COMPLETED LECTURER
CA Santa Maria Landsat C Conference & Launch 360 3/2-5/78 3/5/78 Project
Staff
CA HSYU, Arcata 10-week Introductory Course 1n 126 1/11- 3/15/78 Fox
Remote Sensing Technology and 1ts 3/15/78
Applications
CA Hoopa/Weaverville Meet with DWR/Trinity River Task Force 20 3/27-28/78 Hankins,
Webster,
Mayer -
CA Eureka High School California Museum of Science & Industry 50 4/12/78 Hankins,
Symposium Plesmid
CA Weed Siskiyou Conference 120 4/14-15/78 Hankins
CA Monterey AIP Conference 250 4/21-22/78 Hankins,
Fox
CA HSU, Arcata 6-County Remote Sensing of the Environ- 250 8/27-
ment Institute-~-to be given for teachers 9/7/178

and community persons to provide awareness
of technology need 1ntegration 1nto
curriculum areas; jointly work out teaching
strategies and design materials

anl
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INTRODUCTION

One of the major goals of the Remote Sensing and Technology
Transfer Project at Humboldt State Unmiversity is to facilitate the transfer
of remote sensing technology to northern California users. In keeping with
this goal, a workshop entitled, "A Forum for the Exchange of Information
on Available Resource Management Data and Data Most Needed by People and
Agencies in Northern California,” was held July 12 and 13, 1978, at the
Civil Defense Building, Weaverville, California.

Principal workshop cooperators and presentors included the U.S,
Geological Survey Geography Program, Reston, Virginia and Menlo Park,
California, the California Environmental Data Center, Sacramento, California;
the Western Regional Applications Program, NASA Ames Research Center, Moffett
F1eld, California; and the Rempte Sensing Progect staff, Humboldt State
University.

Over two hundred people were invited to attend--representatives
of county, state and federal agencies, county and tribal governments, and
private industry in the ejght counties of northern Califonria. Members of
State Assembly and State Senate committees concerned with state resource
management were also invited as were representatives from northern California
unjversities interested in the current and future users of remote sensing
tools. Of those invited, 43 people participated in the workshop (see
Appendix A for Tist).

As the invitation stated, the workshop was to be a "forum for the
exchange of information." Formal presentations were kept to @ minimum with
the majority of the time spent in a "hands-on" session and in group discussion.

WORKSHOP OBJECTIVES

¥

The main objectives of the workshop were as follows:

1) To provide information on the availability and access to maps
or photographic products that assist resource management in northern
Californias;

2) To familiarize participants with the U.S. Geological Survey's
Land Use/Land Cover mapping effort currently underway in northern Califorma,
an effort that is expected to be completed by January 1979; and

3) To discuss and formalize recommendations on the map, photographic,

or special product needs of the state, county and federal agencies 1n
northern California.

e



PRESENTATIONS
Morning, July 12, 1978,

Day Dne began with an introduction and welcome by Donna Hankins,
Director of the Humboldt State University Remote Sensing Project. This
was followed by brief presentations from Dr. James Anderson, Chief Geographer
of the U.S. Geological Survey's Geography program; Eugene Napier, Western
Region Representative of the U.S. Geological Survey's Geography program;
gners.Sa]?y Bay Cornwell, Director of the California Environmental Data
enter.

U.S. Geological Survey

1

Dr. James Anderson has been developing the current land use and
land cover classification system used by the U.S. Geological Survey since
1972. Although this standard system can be used with data from conventional
sources, it was primarily devised to classify data' from remote sensors on
either high-altitude aircraft or satellites.

Since 1976, when the definitions of the classification system
ware revised, the U.S. Geological Survey‘'s Geography program has been
comp1ling maps at 1:250,000 of the coastal areas of the United States.
Northwestern California 1s their current work area, and they expect this
series of maps to be completed by January 1979. Eventually, the plan is
to map the entire United States, developing an information system as they go.
The land use/land cover maps have been digitized and that information
has been placed into a digital base with digital tapes available. The
U.S. Geological Survey is beginning to develop base maps at 1:100,000 so that,
as more of these maps become available, the land use and Tand cover maps
wi1ll also be prepared at this scale.

Dr. Anderson, who was visiting the U.S. Geological Survey Western
Region Geography program at the time of the workshop, accepted the invitation
to participate in the Weaverville meeting because of his desire to understand
the current needs of northern California map and remote sensing users.
The workshop provided him with the opportunity to acquaint this representative
group with the work being done by his department and to involve many of
the participants in a review of the northwestern California Tand use/land
cover maps when they are completed.

Eugene Napier, representing the Western Region Geography Program
at the workshop, explained the use of the digital tapes that are derived
from the land use/land cover maps. He also described the process that is
currently underway to develop the northwestern Catifornia maps. Northeastern
California will be next with the eastern border of California last. His
program is interested in having Tocal participation in evaluating the
accuracy of the maps, especially the non-urban categories.
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Environmental Data Center

Mrs. Sally Bay Cornwell was at the workshop to discuss her
state program, the California Environrental Data Center. Currently, she
15 assessing the state agency needs for resource data and trying to develop
a system to coordinate all of the existing information within state
departments. Cataloging is going on at this time,.and Mrs. Cornwell expects
to have an index to the data available in the near future.

In the meantime, Mrs. Cornwell 1s concerned with where people’s
"gaps" are 1n acquiring or learning about state resource information.
With that knowledge, Tong-term plais can be made for the Environmental
Data Center. She was anxious to receive recommendations from the northern
Cal1fornia participants at the Weaverville Workshop so that the Center
would meet their needs,

"HANDS-ON" SESSION
Afternoon, July 12, 1978.

The afternoon of Day One began with a "Hands-on" session so that
workshop participants would have a chance to see a variety of map, photographic
and satellite products being used in resource planning and management.
Participants would also have a chance to discuss their problems and concerns
1nformally with the people working on projects in northern California
using the before-mentioned products.

Tables and display areas were designated around the meeting
hall for the following people: .

--Dr. James Anderson and Eugene Napier, U.S. Geological Survey's
Geography program. Samples of the U.S. Geological Survey Land Use/Land .
Cover maps were on display. Information packets from the National Cartographic
Information Center (NCIC) at Menlo Park and 15' quad sheets of the
Weaverville/Redding area from the U.S. Geological Survey Topographic
Division, Menlo Park were distributed.

--Ms. Sue Norman, NASA Ames Research Center, Moffett Field, California,
was at the workshop to discuss the Western Regional Applications Program
(WRAP), a T4-state program to transfer satellite technology to state agency
personnel.

--Mrs. Sally Bay Cornwell, Director, California Environmental
Data Center.

o --Charles Ferchaud, Department of Water Resources, Red Bluff,
California; DWR State Mapping Program. Samples of DWR maps were displayed.
He explained the Tland use mapping update that is underway in the northern
California counties.



--Don Tuttle, Natural Resources Branch, Humboldt County Department
of Public Works; Humboldt County Data Bank.

--Ken Mayer, U.S. Fish and Witdlife Landsat Demonstration Project,
Humboldt State University. Landsat satetlite computer output products
were on display to illustrate work in progress on the Hoopa Square and
the Klamath Extension, Humboldt and Del Norte Counties. The project is
developing a vegetation map, using Landsat, to study the fisheries resources
of the area.

-~-Humboldt State University Remote Sensing and Technology Transfer
Project, May 8., 1978 U2 photography >f northwestern California. The entive
flight was available for viewing 1n the 6" focal Tense size. Samples of
the 24" Tense photography were also available. The Trinity County
Plaming Department provided a 1ight table for the viewing.

--Jack Naylor, private contractor specializing in low-altitude
aerial photography. Samples of his work in black-and-white transparencies
were displayed.

SMALL GROUP DISCUSSTONS

The remainder of the afternoon was set aside for small group
discussions. Participants were asked to sit in on one of three group
sessions Federal agencies, state agencies, or county personnel.
(Participants from private industry and universities were invited to
join the group of their choice.)

Questionnaires were distributed to all the participants to aid
the small group discussion (see Appendix B). Each group was to define
the following:

1) Maps and photography used by each agency represented.

2) Additional maps and photography needed, including customized
or special products.

3) A Tist of product priorities for each agency.
4) A Tist of priorities for each of the three groups.

Each discussion group was also to designate a spokesperson
to report on the group in Day Two morning session.

Discussion ieaders for each group were:

Federal~ Dr. Larry Fox, Humboldt State University Remote Sensing
Project

Stafe: Mrs. Sally Bay Cornwell, California Environmental
Data Center

County: Don Tuttle, Humboldt County Public Works, Natural
Resources Department



33 questionnaires were completed.

TABLE 1.
WORKSHOP QUESTIONNAIRE

Ten were from Federal agency representatives,

ten were from California State agencies; five questionnaires came from:’county

representatives; four from private industry; and three from Humboldt State
University personnel.

(See Appendix B for complete questionnaire.)

bT & 2. What map and photoaraphy scales 45 How do you use these maps
do you use? and photos?
Scale Map ;Eg;g; Total Base Maps 5
1:6,000 Planning 14
or larger 17 16 27 Inventory 7
1:12,000 8 4 12 Land Use Mapping
1:15,840 - 7 7 Land Cover Apalysis
1:24,000 20 7 27 A) Habitat 3
1:32,500 ~- 5 5 B) Agriculture 4
1:62,500 12 4 16 C) Vegetation 4
1:80,000 -- 3 3 D} Timber 9
1:100,000 3 - 3 E) General 2
1:120,000 2 3 5 F) Other 5
1-130,000 1 5 6
1:250,000 3 -- 3
1:500,000
or smaller 3 -= 3
#4. How often do you update? #5. ygitnzggg do #6. g:si%2§¥e?
Constantly 4 Yes | No Sometimes
Monthly 2 Base 4 11 ] -
Yearly 5 Of;EgESOtO 4 1l-- 4 -
2-5 Years 11 Land Use 24 4 19 4
5-10 Years 4 Land Cover 21 2 13 2
Varies 6 Other
[ A) Geology -- 5 --
B} Hydrology - 2 --
C) Soils - 3 --

|y




-

1ABLE | concinued.

#3 & #5. What type of photography do you use? do you need? 1Is it available?
AVAILABLE?

Type Use Need Yes No Sometimes
Black & White 10 12 2 3 4
Color 18 23 8 4 6
Color IR 12 14 7 1 5
#7. what.are the barriers to #g . Are your needs different from

obtaining your needs? your agency's?
Cost 24 Yes No
Time 5 18 13
Politics 6
Availability 9
Lack of #9. Can you use other agency efforts?

Information 7 Yes No
27 5
)

#10 & #11. What are your sources for maps and photography?

Source Maps _ Photography Tota]
U.S. Geological Survey 22 5 27
EROS Data Ctr,/NASA 1 6 7
Forest Service 3 9 15
Other Federal Agencies 5 -- 5
Calif. Dept. Water Resources 7 4 11
Calif. Dept. of Forestry 3 - 3
Caltrans 2 1 3
Other Calif. Agencies i - 4
County 7 1 8
In-house 4 6 10
Private Contractor 3 12 15
#12. What determines your map and/or photography needs?
Federal Laws 12 Ongoing Program 14
State Laws 15 Individual Job 5
County Plan 4

pu)




The majority of the attendees divided themselves equally between
the state and federal groups. County representatives had the poorest
showing at the workshop, 1n part, due to a tightening of travel funds
because of the passage of Proposition 12 Those county people that were
n attendance filled out additional quesiionnaires for other departments
within their counties. The northern California counties not represented
at the workshop have been contacted to fill out questionnaires.

At the end of the day, the gquestionnaires were collected so
that an initial tabulation could be made for the following morning--one
reflecting the common needs of the participants. Day One of the
workshop adjourned at 4 PM.

SUMMARY FORUM
Morning, July 13, 1978.

TabTes were set up for a "round table" discussion on Day Two
of the workshop. Donna Hankins, Humboldt State University Remote Sensing
Project Director, began the Summary Forum with a rundown of the common
elements in the first five questions of the previous day's guestionnaire.
The following table is a full break-out of those answers. (See Table 1.)

LARGE GROUP DISCUSSION

The second part of the summary forum focused on the group
priority reports. These priorities emerged from the small group discussions
on Day One. Federal priorities, as reported by Dr. Larry Fox, Humboldt
State Remote Sensing Project, were photographic needs. State agency
needs, as reported by James Wardlow, Department of Water Resources,
were primarily mapping needs. And the northern California counties,
as described by Don Tuttle of the Humboldt County Public Works Department,
needed Targer scale maps and photography than either the federal or state
agencies needed.

Federal Priorities

1) Color photography at 1:48,000.
2} Orthophotoquads, reprintable at a Tow cost, at 1:24,000.
3) Small scale photography at 1:100,000.

State Agency Priorities

1) Up-dated 1-24,000 guads and 1:100,000 base maps.

2) Current photography, at Teast every 5 years.

3) Complete vegetation mapping at 1:1,000 and 1:100,000 for
county-size maps.

4) Common map scales for state base maps.

5) Access to all California maps.



County Pricrities

1} 1:12,000 quality base maps showing roads, streams, townships
range, section line, and ~ultural features.

2} 1:12,000 color photography.

3} Completion by U.S. Geological Survey of 7%' quads for the
northern California counties as well as up-dating the existing
15" quads.

DEVELOPING WORKSHOP ACTION ITEMS

Aiter the priorities of ine three main groups at the meeting were
discussed, the second phase of the Day Two session began. This phase was
the generation of action items for meeting the map, photographic or special
product neads of northern California agencies and private sector.

Each participant received a summary sheet (see Appendix C) and was
given ten minutes to write down five action items (in no particular order)
that reflected the needs of the representatives at the workshop. In making
these recommendations, they were to consider what agency or group could
provide the needed 1tems; the priority items that had already been discussed;
common needs 1n northern California; and cooperative methods that could be
used to fill the needs.

The next step in the process was to number the five items as
to their priority in each participant's mind and to give reasons for and
against each of these items occuring. Such a breakdown would focus
attention on the barriers to be overcome if action was to be taken on any
of the items.

Because of time constraints, only the first priority of each
participant was called for, and the Number One recommendations were Tisted
on & large tablet for the whole group to see. What emerged as a general
concensus, were two distinct areas of concern: up-to-date common scaie
maps and a statewide information system.

FIVE ACTION ITEMS OF THE WORKSHOP

1} The need for standardized map scales throughout California
at 1-100,000; 1:24,000; and 1:12,000. Scales to be used on base maps,
overlay maps, vegetation or land use/land cover mapping. (Standard
coordinates system to be part of standardized maps.)

2) The need for a statewide communication network or information
center/repository/clearing house that would provide an interface between
current and future resource products and data and the various state agencies,
county governments, private industries, and federal agency branches 1n
California,

lwﬁ



3) Completion of the 7%' quads of northwestern California by
the U.S. Geological Survey, preferably as ortho photo quads.

4) The need for statewide veyetation maps that meet broad
needs and can be updated regqularly and frequently {(with Landsat).

5) The need for the state and counties to be photographed
on a regular basis {with coverage by the U2).

FOLLOW-UP ACTIVITIES

As a follow-up to the action 1tems of the workshop, the group
directed Donna Hankins, coordinator of the workshop, to write a letter to
Mrs. Sally Bay Cornwell, Director of the California Environmental Data
Center, on behalf of the workshop informing her of the specific needs
of the northern California area. The letter was to request Mrs. Cornwell
to 1) meet with the California Mapping Advisory Committee to discuss
northern California priorities, 2) take up the gquestion of completion of
the 7%' quad sheets with members of the U.S. Geological Survey Topographic
Civision, Menlo Park, California; and 3} dincorporate the needs expressed
at the workshop inte her long-range plans for the California Environmental
Data Center.

At the same time, various members of the workshop, representing
federal, state, and county interests volunteered tocomprise an informal
comwittee that might pursue the northern California needs with
U.S. Geological Survey representatives at a Tater date. Gene Napier,
U.S. Geological Survey Geography Program, said that he woyld be glad to
meet with this informal committee and/or organize a meeting between this
group and the Topographic Division.

The workshop adjourned at 12 Noon, July 13, 1978.



Name

Nancy Tosta

Richard Gissibl

John Glines

Eugene C. Napier

Robert Sathrum

Dennis Giovannetti

James M. Wardlow

Bi1T Bowman

Charles L. Ferchaud,

Robert R. McG111

Ernest E. Lusk

8. Jd. Smith

Robert A. Rasmussen

Tom MacFarlane

Corinne A. Esser

Robert D. Nelson

Don Kaneko

Jack R. Fisher

APPENDIX A
WEAVERVILLE WORKSHOP
ATTENDANCE LIST

Agency/Address Phone
CA Div Forestry, 1416 MNinth Street, 916-322-0163
So11 Erosion Study, Sacramento, CA 95814
USFS McCloud Ranger Dist., Drawer I, 016-964-2184
McCloud, CA
USFS Hayfork Ranger D.st., P.0 Box 159, 916-628-5227
Hayfork, CA 96041 i
JdS Geclogical Survey, Geography Program, 415-323-8111
345 Middlefield Rd. Mail Stop 31, ext. 2836

Menlo Park, CA 94025
Humbolat State Univ., Library, Arcata, CA 95521 707-826-3416

Aero-Marine Research, Geology Div., 707-442-0359
1690 Victor, Arcata, CA 95521

Dept. Water Resources, Planning Div., 916~-455-9844
P.0. Box 388, 1416 Ninth St., Sacramento, CA 95802

Arcata Redwood Co., P.0. Box 218, Arcata, CA 95521 707—443—5231
ext, 2

Jdr.  Dept. Water Resources, Land and Water Use, 916-527-6699
P.0.Box 607, Red Biuff, CA 96080

Dept Water Resources, Northern Dist., 916-527-6530
P.0. Box €07, Red Bluff, CA 96080

CA Dept. Health Services, Vector Biology and 916-246-6345
Control, 2135 Akard Ave., Rm 14, Redding, CA 96001

Dent. Water Resources, Norihern District 916-527-6530
P.0. Box 607, Red Bluff, CA 96080

Private Consultant, P.0. Box 4120, Arcata, CA 95521 \

Humboldt State Univ., Psychology, Arcata, CA 95521 707-826-3740
707-826-3755
707-839-0689

CA Dept. Food/Agriculture, Long Range Planning, 916-445-8614
1220 N Street, Rm. 104, Sacramento, CA 95814

USFS Shasta-Trinity National Forest, Engineering, 916-246-5361
2400 Washington Avenue, Redding, CA 96001

USFS, Engineering/Geometronics, 630 Sansome St., FTS8-556-3476
San Francisco, CA 94111

USFS Shasta-Trinity National Forest, Watershed 916-246-5304
Management, 2400 Washington Ave., Redding, CA FTS 241-5304
) 96001



Name

Chris Erikson

John J. Summerly

Tim Burton

Gary Monroe

Ray Flynn

Donald €. Tuttle

Stan Mansfield

Dale L. Wierman

Don Jones

Agency/Address

Trinity Co. Planning Dept., P.0. Box 936,
Weaverville, CA 06083

CA Dept. Parks & Recreatio", Operations Div.
3431 Fort Avenue, Eureka, CA 95501

Dept. Fish & Game, Wildlife Management,
P.0. Box 183, Lewiston, CA 96052

Dept. Fish & Game, Wildl1fe Management,
€19 Second St., Eureke, CA 95501

Humboldt County Assessor, County Courthouse,
Eureka, CA 95501

Humboldt County Dept. of Public Yorks,
1106 Second St., Eureka, CA 95501

Humboldt County Planning Director, 520 E St.,
Eureka, CA 95501

CA Dept. of Forestry, FRAP Section,
1416 Ninth St,, Sacramento, CA 95814

Redwood Comm. Develop. Council, P.0O. Box 323,
Arcata, CA 95521

Phone

916-623-5594

707-443-4588

916-778-3913

707-443-6771

707-445-7491

707-445-7741

707-445-7541

916-322-1945

707-826-3731

Aero-Marine Research, 1690 Victor, Arcata, CA 95521 707-442-0359
916-628-5227

Jack Maylor

Jay Wechselberger USFS Hayfork Ranger Dist., P.0. Box 159,
Hayfork, CA 96041

916-246-5325

Ron 0'Hanlon Bureau of Land Management, Forestry Dept.,

355 Hemsted, Redding, CA 96001
USFS Six Rivers National Forest, Land Management  707-442-1721
Planning, 507 F Street, Eureka, CA 95501

Randy Ferrin

Lawrence Fox Humboldt State Univeristy, Forestry Dept.. 707-826-4873

Arcata, CA 95521
Ken Mayer US Fish & Wildlife Serv., Fisheries Div., 707—826-3731‘
¢/o Humboldt State Univ., Center for Comm.
Develop., Remote Sensing Project, Arcata, CA 95521
703-860-6344

James R. Anderson USGS MNational Center, 12207 Sunrise Valley Dr.,

Reston, VA 22002
415-642-2351

Shari Wali Remote Sensing Lab., Rm. 129 Mulford Hall,

UC Berkeley, Berkeley, CA 94720
415-642-2351

Stephen DeGloria Remote Sensing Lab., Rm. 129 Mulford Hall,

UC Berkeley, Berkeley, CA 94720

Sue Norman CA Coordinator WRAP, NASA Ames Research Ctr., 415-965-5899
Mail Stop 242-4, Moffett Field, CA 94035
Dale Lumb NASA Ames Research Ctr., Mail Stop 242-4, 415-965-5900

Moffett Field, CA 94035 |45



Name Agency/Address Phone

Lucy Williams CA Environmental Data Ctr., Office of Planning 916-322-3784
and Research, 1400 Tenth St., Sacramento, CA 95814

Sally Bay Cornwell Director, CA Environmental Data Ctr., Office 916-322-3784
of Planning and Research, 1400 Tenth St.,
Sacramento, CA 95814

Joseph Webster Humboldt State University, Center for Community 707-826-3731
Development, Remote Sensing Project, Arcata, CA 95521

Donna Hankins Project Director, Hurnboldt State University, 707-826-3731
Remote Sensing Project, Ctr. for Community Develop., :

Arcata, CA 95521

Kamila Plesmid Humboldt State Univ., Remote Sensing Project, 707-826-3731
Ctr. for Community Develop., Arcata, CA 95521

F1%



APPENDIX B continued.

10.

1.

12.

Are there barriers to obtaining these needed items? Y N
What are these barriers?

Are your job or division map and pho*o needs different than the overall
agency needs? Y N If Yes, how are they different?

Al

Can you take advantage of other agencies' mapping efforts? Y N

Is this a practice in your agency or business? Y N

Where do you usually obtain the maps you use?

Where do you usually obtain the photography you use?

What legislation, regulation or general practice determines your current
map and photo needs?



APPENDIX C
SUMMARY SHEET

Based on nput you have received in this workshop, 1ist up to five actions that
you believe should take place to i1l the n-~p, photography or special product
needs of Northern California agencies and/or private sector groups.

Consider: What agency or group can provide the needed items?
Priority items developed here.
Common needs.
Cooperative methods that can be used to fill needs.

iList Action Items here P.iority Pro Con

#1

#2

#3

#o




APPENDIX B

(ANOTHER)
QUESTIONNAIRE

We appreciate your time and effort to fill ti is out as completely and thoroughly
as posstble. It will help in understanding what is really needed by the people
who are doing the work.

Representing: {agency) Division or section:

Name : Phone:

Address:

1. What maps and map scales do you use in your specific work?

2. What photography and photo scale do you use in your specific work?

3. What are the principal uses of these maps and photos?

4. How often do you require updating of map and photo products?

5. What maps, photography or other products would make your specific job
easier or better? Geographic area

Type. Land Use Land Cover Other
Scale Color BTlack/White IR

6. Do these maps exist already? Y N Is the photography available?
Y N

110



APPENDIX 1V

Documentation: Examples of Some Media Developed for Communications
as Part of Grant Activities

* "Down-to-Earth Careers in Remote Sensing" Career Development
Brochure

* "Signature” Newsletter

* YEyaluation of Remote Sensing Technology Transfer Simulation
and Games"

* "Remote Sensing - a Valuable Career Tool" Career Development
Workshop Flyer

(1
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REMOTE SENSING IS CREATIVE

You can approach a career or training
in environmental remote sensing from two
different directions First you can complete a
course of study i the sciences or arts and
then add remote sensing technology to the
career emphasis Or you can begin with the
technical  training 1n photogrammetry,
surveying, cartography, and computer science
and then apply that knowledge to one or
more discipiines In erther case you should
acquire a broad background that includes the
fundamental concepts of remote sensing and
underscores remote sensing's applications

In many ways, the more creatively

you can relate to the technology, the greater
Is your career potentiaf

REMOTE SENSING IS RELLEVANT

The applications for remote sensing
are growing all the time In January 1977 the

REMOTE SENSING IS GENERAL AND

SPECIFIC

The number of university remote
sensing centers across the country has
increased in the past ten years Where the past
emphasis was on research, today the goal of
these programs I1s the application of remote
sensing to real-life problems

Advanced degrees In remote sensing
are usually in corjunetion with a discipline
field, but an even broader background mn
natural resources and earth sciences may be
the requirement of the future The "general"
spectalist finds a ready place in environmental
remote sensing

For more information on graduate
programs in remote sensing contact’

Space Sciences Laboratory
University of Califorria, Berkeley
Berkeley, CA 95720

Environmental Remote Sensing Applications
Labaratory (ERSAL}
Oregon State University

Down-to-Earth

CAREERS

REMOTE
SENSING

National Aeronautics and Space

Administration  (NASA) nitiated a new Corvallis, Oregon 97331

program to transfer remote sensing Comrmittee on Remote Sensing

technology back to the public who supported Universrty of Arizana

1ts development Tucson, Anizona 85721 S _" N N f-:t:‘ . \:i %

Y L I R LAY TR BB

Three NASA  regional application For more information on the NASA St ‘3';' RN 5w NI

programs across the nation are helpmg state Technology Transfer Program contact 3 A ove A U r/,é

and federal agencies as well as local and state , £ : ;f’ o % l .

government peogple receive traming in Western Regional Applications Program (WRAP) e ‘ ‘N%;v by e ".‘:-, ;‘;? ¢

environmental remote sensing Through Maul Stop 242-4 ‘ ' f & o ) v X _';‘ 4 4, !

cooperative agreements with NASA and local NASA Ames Research Center il g A R :{,',‘

universities, these people are exploring ways Moffet Field, CA 94035 o 3 ~: 3 4, ,“1'{'

to efficiently compile resource inventories Remote Sensing and Technology Transfer Project - : ST 3 " ,: N e !

and build resource information systems Center for Community Development . P PO _if' ., ,‘ Ly
Because of this new national focus on Humboldt State University ! £ : U N ]

technology transfer, remote sensing s a Arcata, CA 95521 ! J,I:u.-" Ty N

relevant and valuable career too! for today e B ,gf':," A

and tomorrow L R R SR S I



There 1s an ever-mcreasing world need
for more accurate information about the
earth--precise, fast, and in greater detail than
ever before Thus need has created a new focus
on remote sensing technology and on the
people with remote sensing skills

REMOTE SENSING IS FAR-REACHING

Although many devices, including our
own senses, are ''remote sensors,'’ remote
sensing commonly describes the apphication
and interpretation of low and high aititude
aerial photography and satellite data for earth
resource Investigation

Until recently remote sensing was
synonymous with photo interpretation, but
improved aerospace technology has expanded
remote sensing's scope to include computer
technology Two earth resource satellites,
-andsat 1 and Landsat 2 (to be joined shortly
by Dgndsat 3) are sensing vast amounts of
Mformation about the earth every day and

relaying Wk data to earth mn
& PO IgD Orﬁp | Dierfosg '
4“ t i ¢ {‘ fd";
13 +E 4 ) 44

As ''automated image interpretation”
of Landsat data becomes more common in
resource management, greater demands will
be placed on the person with remote sensing
skills Although Landsat i1s automated, 1t 15
not automatic Proper interpreiation and
analysis of the data only emerges when the
computer processor checks the work with
aerial photography, maps, and field
collections

REMOTE SENSING iS VERSATILE

Remote sensing 1s only a tool, but 1t
has applications 1n almost every career or
profession concerned with the environment

For the geographer or cartographer,
remote sensing gives a view of the earth never
imagined on the ground New | areas are
mapped, old areas are better understood
Work 15 underway today to update existing
maps with aerial photo overlays and create
new maps with satellite imagery and data
processing

For the forester, remote sensing
facilitates harvesting and reforestation plans
Foresters have long used low altitude aenal
photography to manage timber stands
Landsat can help assess an entire forest for
lgng-range planning
\ The geologe
e'n!_""

@

usey ramote sensing 1o

fault The broad coverage of the Landsat
image helps "Uft" a fault line out of the
ground features

The agriculturalist judges crop vield or
crop damage from aerial photography and
Landsat data Because Landsat 1s
computer-compatible, statistiecs on crops are
readily available

The environmentalist detects oll slicks
and the off-shore dumping of waste using high
altitude  photography and  satellite
imagery--while the oceanographer studies
ocean currents, upwelling areas, and bay and
coastal environments from weather satellites
and infared photography

For the planner, remote sensing tools
help to map urban and agncultural land use
for the future growth of an area Here all
forms of aerial photography and Landsat data
help the planner see the whole picture

Remote sansing helps the
meteorologist and the hydrologist
Meteorological events can be investigated,
water resources can be assessed, and flood
control technigues can be monitored

The engineer can plan a better road,
dam, bridge, or building 1f he consuits remote
sensing daia

Any professional involved 1n earth
resource Investigation can utilize remotely
sensed information to do a better job Even
individuals in the hu 1t1es--writers, artists,

sociologists,~and political scien sa-veau;;'ld
'j,?p%‘ions for rerqote Sensi
- g

EAronm !|__Jlegislation, techriical and
environmental writing, and the gocial ippacts
of the technology cam all lead to careers
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S



VOL. 1 NO. 1

EDITOR’S NOTE

The first issue of Signature is an introduction to the
transfer of remote sensing technology and to the Northern
California Technology Transfer Project. Subsequent issues will
deal more specifically with how the technology is being
applied in northern California, throughout the state, and in
other western states. Signature’s goal is never to lose sight of
the real problems and concerns of people using the
technology.

REMOTE SENSING REACHES
THE REDWOOD EMPIRE

What began as a local citizens’ effort three years ago may
well become the model for other communities across the
country to use space technology in solving land use and
resource management problems. The Northern California
Remote Sensing and Technology Transfer Project in Humboldt
County is the outcome of a community need and a shift in the
governmental policy towards public involvement in remote
sensing.

In a dynamic effort this year, the National Aeronautics and
Space Administration (NASA) is broadening its chartered
scope of commitment. In addition to on-going research
programs, NASA is making remote sensing technology readily
available to the American public and training state and local
agency personnel to really use the information. NASA, in an
overall national transfer program, has divided the country into
three geographical areas, each with a regional application
program and a center. This regional approach, however,
departs radically from the previous technology transfer
patterns.

In the past, the expertise remained in the hands of
highly-trained technicians, and no matter how much the user
benefited from the results of the technology, he never
acquired the ability to really absorb the technology into his
everyday work. In a sense, the technician only helped the user
for a day, rather than giving him tools he could use for a
lifetime.

It was in the spirit of “tools for a lifetime” that the
northern California remote sensing project was developed. At
an action planning conference held in Eureka, California, in
April, 1977, a plan emerged for a demonstration project to
transfer remote sensing technology. As this project took shape,
it became apparent that northern California, and in particular,

ALIFORNIA

Humboldt County, was an ideal environment for a grass roots
approach to technology transfer. The ingredients for this
choice were a small population with a natural resource-based
economy, a state university with a large natural resources
school, and a center for community development with initial
ties between the university and the community of technology
users.

GLOSSARY

{Remote sensing terms in this issue)

Cluster. A group of Landsat picture elements which
are very much “like” one another.

Footprint. The field of view of a scanner at any one
instant in time.

Imagery. Visual representation of energy recorded by
remote sensing instruments.

Landsat. Satellite platform for electronic sensing

devices that image the earth’s surface.

Remote Sensing. Sensing of objects or areas at a distance.
Landsat detects reflected or emitted energy
from the earth.

Scanner. A device which assembles an image by
moving a sensor across the viewed surface.
Signature. A set of unique characteristics that serve to

identify a feature by remote sensing.
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In June, 1977, a million and a half dollar NASA grant was
awarded to Humboldt State University, through its Center for
Community Development. The three year program will work
towards a diverse group of technology users sharing a common
source of remote sensing information. It also includes analysis
of the remote sensing data.

Equally important to the northern California project is the
framework for communication between NASA and all levels of
public and private interests. On that issue, the project has the
three years’ experience of the Pacific Northwest Regional
Commission (PNRC) and its Land Resources Inventory
Demonstration Project (LRIDP) from which to draw. That
project has been working closely with state agencies in Oregon
Washington and Idaho. Because of similar land management
problems, PNRC will be a valuable source of information to
the northern California project.

Yet even as the northern California project hopes to gain
the public’s acceptance of remote sensing as an integral tool of
land management, Director Donna B. Hankins emphasizes the
need for constant evaluation of the impacts. “'The real transfer
of technology, whether it's in Humboldt County or anywhere
else, will only succeed if the economic and social ramifications
of the technology are addressed from the beginning.”’

The keys to the northern California project are a spirit of
co-operation and flexibility. To develop an effective model for
technology transfer will require a creative approach, perhaps as
creative and dynamic as the technology itself. What NASA and
the project hope to emerge is a plan for meeting the real needs
of any community of technology users.

NORTHERN CALIFORNIA CLUSTER

(Reports on N.CA. demonstration projects)

A NEW APPROACH

The staff of the Remote Sensing Technology Transfer
Program is organizing a unique Landsat demonstration project
in northern California. Many past efforts to transfer remote
sensing technology from NASA to various government
agencies have been discipline-oriented; that is, they have been
forestry projects or agricultural projects or urban projects. By
contrast, plans are being made in northern California to
establish a central data base to be used by all disciplines.

The northern California project will rely heavily on basic
categories of land cover that can be provided by Landsat:
urban, agricultural, range, forest, brush, water, marsh, wet,
riparian, and barren. In addition, Landsat will provide more
detail within the above general categories. Urban land will be
broken down into residential, commercial, and open land, for
example.

Some specific data needs of the participating project
members will not be obtainable from Landsat alone. Landsat
will be used in conjunction with low and high altitude aircraft
photography. The final data base will be expanded to include
census data, topographic information and other geographic
data which is already in existence.

Since many organizations will benefit from a single data
base, it is important that they all share in the collection of
support aircraft and ground information. For example,
information obtained in our project on the forests of the
region will be used by tribal and county governments and
other regional planning groups as well as by the traditional
forestry agencies such as U.S. Forest Service and California

I8!

Project plans for Landsat data.
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Department of Forestry. These groups and others have
indicated a willingness to coordinate their collection efforts to
insure the accuracy and usefulness of the central data base.

The initial products of the demonstration project will be a
series of functional overlay maps to demonstrate the utility of
Landsat data. However, the long-term goal is a fully
computerized system from which any category of land cover
or group of categories can be extracted. This information
could then be printed on a base map and listed on a table of
total land area in each category.

Ultimately, the northern California project will be more
than a collection of discipline-oriented plans. It will be a
cooperative attempt by various citizen groups and government
agencies to produce a data base which will be of great value to
them all.

--Lawrence Fox
Technical Coordinator, N.CA. Project

CALIFORNIA FOOTPRINTS

{News of California remote sensing programs)

MENDOCINO COUNTY FUEL MANAGEMENT
PROGRAM

In a cooperative agreement between Mendocino County
and the Remote Sensing Research Program of the University
of California at Berkeley, Landsat is being used to develop a
program of wildland fire prevention and range management
improvement.

Efforts for a control .burn agreement between agencies and
private landowners began two years ago with the formation of
a Fuel Control and Land Management Committee, a Cross
section of public and private interests. But it wasn’t until last
fall that NASA grant money made it possible to involve
remote sensing in the plan.

This summer a pilot project was completed in the Round
Valley area of northeastern Mendocino. Ten categories of
vegetation were broken out, using Landsat digital data, with an
aim towards pinpointing the area of heaviest brush buildup.
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That base information, as well as more conventional
cartographic data, was then used by a cartographic unit of the
Fuel Control Committee to prepare a series of maps on the
area. The unit produced mylar overlays of such specifics as soil
types, topography, property ownership patterns, watershed
units and other elements necessary to the development of a
comprehensive overview of interrelated conditions, problems
and dynamics of land management.

Although the cartographic unit's primary job was mapping,
they conducted field checks and surveyed individual
landowners for their attitudes towards cooperative land
management. They will be continuing those activities in the
next phase of the project since the Fuel Control Committee
feels that private participation is critical to a successful control
burn program.

The next step of this project will be to designate the most
severe fire hazard areas and eventually conduct control burns.

At a presentation to the Mendocino County Board of
Supervisors in August, George Hammond, chairman of the
Fuel Control and Land Management Committee, emphasized
that “the use of remote sensing goes beyond wildland fire
prevention. We see it as a basic tool in improving Mendocino
County’s range and timber resources."’

WRAP SCANNER

(Remote sensing activities in the 14 western states)
THE REGIONAL PROGRAM

The Western Regional Applications Program, (WRAP), is
currently developing a long-range technology transfer plan for
the 14 western states. (See page 1) Working through the Ames
Research Center at Moffett Field, California, the program will
focus on the individual and collective needs of a third of the
nation. Although the region takes in a large geographical area,
WRAP's director, Ben Padrick, hopes to structure an
applications program that will stress the commonality of the
technology users within those 14 states.

At a meeting earlier this year, a remote sensing task force of
the National Conference of State Legislatures pointed out that
satellite technology often fails to be transferred “to state and
local governments due to flaws in the transfer process rather
than in the technology.” Their recommendation was a greater
emphasis on effective communication links “between NASA
and state and local governments; states with other states; state
entitles within each state; and states with the private sector.”

These recommendations seem to parallel the thinking of
WRAP coordinators who were instrumental in NASA's funding

of the northern California demonstration project. Since one
aim of the project is to develop a communication model for
technology transfer, WRAP planners will be evaluating the
activities in northern California with an eye to incorporating
some of those methods into the overall regional program.

An important component of the northern California project
is technical training in the use of satellite imagery. For the
project, that training will be accomplished jointly by
Humboldt State University in Arcata, California, and by
NASA, in a facility near Ames Research Center. While it is true
that much of the technology transfer in the past has been
between NASA and universities, the desire to train agency
personnel, private citizens, as well as students and faculty
members is a distinct departure from the past. The link, then,
between NASA and the states may be greatly enhanced with
the addition of “hands-on’ training in remote sensing
technology.

As WRAP planners work towards an effective applications
program, they see the past transfer programs as guideposts.
The dynamics of the technology demand a new approach to its
transfer, one that will satisfy not only the needs of the 14
western states, but the rest of the nation as well.

Donna Hankins and project members at university reception.

IMAGES
(People profiles)

DONNA HANKINS

At a time when the emphasis of technology transfer is the
user and his needs, Donna Hankins, director of the Northern
California Remote Sensing and Technology Transfer Project, is
a welcome sign.

What immediately impresses a person about Ms. Hankins is
her enthusiasm and her energy. “She is a remarkable person,”
noted lan McHarg, environmental designer/planner and author.
“She has more energy than any one person | know."” In part it
is because of this exuberance and drive that agency personnel,
county government officials, and private citizens are working
together in northern California to build a community model
for the use of satellite and aircraft imagery.

Of particular significance is the fact that Ms. Hankins is a
nine year resident of Humboldt County and has always been
involved in county concerns. She received her training in
geology and hydrology at Humboldt State University and was
formerly president of Pilot Rock, Inc., the pioneer business in
the United States producing educational material on remote
sensing.
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Donna came to the attention of NASA through her
association with a Humboldt County citizens’ task force that
was exploring the potentials of using space technology to
answer county natural resource problems. At the time of that
group’s formation, Ms. Hankins held the belief that the best
way to convey information to people with diverse interests
was direct contact and individual follow-up.

That personal approach to the dissemination of information
is what characterizes the northern California demonstration
project and what also characterizes the plans for the transfer
of remote sensing technology in the western states. To Ms.
Hankins, the keys to building public trust and understanding
of technology are openness with people and a willingness to
involve them in the decision-making process.

In many eyes, the spirit and commitment of individuals like
Donna Hankins is an insurance that the technology user will
eventually be the technology driver and will determine how
future technology can really meet his daily needs.

CAPITOL NOTES

Legislation that would fund a California experimental
program for wildland fire protection, similar to the Mendocino
County project, has met with problems in the State Ways and
Means Committee. The bill, sponsored by Second District
Assemblyman Barry Keene, proposes that two experimental
areas in the state serve as models for a statewide cooperative
burning plan. According to Liz McMahon, aide to
Assemblyman Keene, Ways and Means questioned the initial
expenditure for the program. Xeene, however, is asking for
reconsideration. To Keene, a protection plan now may save
valuable acres in the future.

CALENDER FOR SEPTEMBER AND OCTOBER
(A list of presentations, workshops, and classes related to remote sensing and the northern California project.)

September

21-23 Remote Sensing Workshop at University of
California at Berkeley. Contact Continuing
Education in Environmental Design, (415)
642-4811.

26 Humboldt County Board of Supervisors’ Study
Session on the Northern California Technology
Transfer Project.

~ EDITOR:
 Kamila Plesmid

DEVELOPMENT

October

28 Presentation at Eureka Southwest Rotary, 12
noon, Eureka Inn, Eureka, CA.




D  Allow 20 to 30 minutes for the activity.

E. Discussion: Afterwards, with the entire group, discuss the follow-
ng:

T. What kept you from solving the problem? (The problem could not
be solved without the contribution of each person in the group.)

2. What helped you to solve the problem Tater? (It is easier to
talk wn a small group than in a Targe group.)

3. Was the way in which you Tistened in the beginning different
from the way you Tistened in the end?

4, None of us is as smart as ail of us.

5. The pieces of paper represent the information and skills that
each person brings to a group.

I11. Evaluation of Simulation and'6 - Bits. The Simulation and 2 types of "6 -
Bits" (Murder Mystery and Manzanita Valley) were tested with a group of
residents of the town of Mendocino. It was found that the game places
too much emphasis on the process of reaching consensus, and not enough
on remote sensing and its implications. The "6 - Bits" exercises were
successful in creating a good problem-solvina atmosphere.

- The following recommendations are made for future use of these
materials:

A. The entire simulation as 1s might be used for groups that Have a
good background in remote sensing, that are well organized, and that
have a need for a problem-solving model to use in their resource-use
conflicts. The simulation would fit 1n towards the end of a session
or workshop in remote sensing technoloagy. '

B. Pieces of the swymulation can be used where applicable. Some sugges-

tions follow:
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1.

Have maps made of the local area (7 min. quad) and use these
or use the map of Mink County 1n Appendix III in situations
where a heated controversy over actual resource-use 1ssues 1s
tmminent. Create a problem-solving exercise based upon either
set of maps which would generate a 1ist of information needs,
and would prioritize these needs as in the NASA "Lost on the
Moon" consensus game in Appendix IV.

This would be useful towards the beginning of an information
session in remote sensing after an introduction. It will bring
to the participant's minds their particular 1nformation needs.
Large scale maps and map bases of Mink County can be used as
visual aids in presentations.

Seagments of the tape recording, e.g. logger's, farmer's, forest
engineer's and environmentalist's speeches of Land Grab situa-
tion can be taken and used to make a more deneral tape of any
situation where remote sensing technoloay can be used to help
solve a resource problem. This can be used in conjunction'with
actual maps of a local area -~ as in above exercise 1) or in the
next exercise 4).

As part of a workshop for individuals having some background in
remote sensing, the role cards can be used for a group discus-
s1on on the social implications of remote sensing technology.
Individuals could select a role to play and discuss -- Do we
want to use this technology? What restrictions should we place

upon its use?

I
16 - B1ts" exercises can be used at the beginning of workshop ses-

sions -- it emphasizes the need for sharing information. The “Murder

Mystery" and "Manzanita Valley" "6 - Bits" can be used for any group.

1
If more than 6 are playing, make additional copies of the exercise
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for each group of 6. The "Lake Erie" "6 - Bits" needs testing.
It should be used by those with more of a technical orientation.
Fach of these exercises can be used as a model to make a "6 - Bits"

exercise from any problem.
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APPENDIX 1 -~ SAMPLE "6 - BITS"

Manzanita Valley

SIX-BITS VARIATIOM ( A Problem-solving Technique)

1

Althouah you may tell your group what
15 on this slip, you may not pass it
around for the others to read.

Fifty per cent of the areas of heavy
brush build-up within the project area
are privately owned.

Areas with the most serious fire hazard
can be idenified with LANDSAT data.

Category A land has the heaviest brush
build-up.

’ 2

Although you may tell your group what
is on this s11p, you may not pass 1t
around for the others to read.

The Manzanita Valley area was the site
of a pilot project in remote sensing
technoiogy transfer.

Areas of heavy brush represent a serious
fire hazard.

The Tona range goal of this project is
cooperative land management.

3

Although you may tell your group what
is on this s1ip, you may not pass it
around for the others to read.

LANDSAT 1s a satellite platform for
electronic sensing devices that mage
the earth's surface

Areas of heavy brush buiid-up can be
identified using LANDSAT data.

Private participation is essential
for a successful project.

4

Although you may tell your group what
is on this slip, you may not pass it
around for the others to read.

The Manzanita Valley contains 400,000
acres.

LANDSAT data is being used to develop
a wildland fire prevention program.

Control burns can be conducted in areas
of high fire danger.

5

Although you may tell your group what
is on this sTip, you may not pass it
around for the others to read.

One fourth of the Manzanita Valley
has been classified as Category A land.

LANDSAT data was used to identify 10
categories of vegetation within the
project area.

Land ownership boundary lines are super-
imposed on the satellite imagery of the
project area.

6

Although you may tell your group what
is on this slip, you may not pass it
around for the others to read.

Your group members have all the infor-
mation needed tu find the solution to
the following problem. Only one answer
1s correct. Some of the information
provided is not relevant and will not
help solve the probiem.

PROBLEM: How many acres of land in the
project area representing serious fire
danger are privately owned?
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APPENDIX I

SAMPLE "6 -

BITS"

Myvdayr Mygtery

SIX-BITS VARIATION { A Problem-solving Technique)

1

Although you mcy tell your g¢roup what 1,
on Lhis slip, vou may not pass 1t aroanl
for nthers 1o 1cad

THEOREAT T OM

Bills, the boo'maker, has been found
dead 1 the clih Tounge, his wine
Pris0ned

(he murderer’s hand stealtmly moves
fervard to put sorething 1n Jonas'
whiskey

Mo one has 12T’ his seat and there 1s
no ore else in the room.

2

Although you may lell your group what 1s
on this slip, you may not pass it around
for others fto read.

INFORMATINN

Four men are sitting on a sofa and Lwo
chairs, which are on either side of the
sofa, 1n front of the Tireplace

The four men's names are Smith, Browm,
Jones and Robinson.

Smith is sitting 1in one of the armchairs
The Schoolmastier is next 1o him on his
left.

3

Although vou may Llell your group what 1s
orn this stip, vou may not pass 1t around
fov others to .ead

INFORMATION

the four men ave, nol necessarily re-
speclively, a yeneral, scnoulmaster,

dmniral, and doctor

The schoslmasicr 15 a leetotaler

4

Although vou may lell your group what 1s
on this slip, you may not pass 1t around
for others to read.

INFORMATION -

There 1s a mirror over the fireplace.
Your group members have all the informa-

tion needed to find the answer to Lhe nl-
Towing nuestion  Only one answer 1s con-

rect You can prove 1i
PROBLLH  What s the profession of odo
man, and where 1s he sitting? Hho 15 the
L deror?
: ] ;
AYENC 3h o vou kivy el vesn poup het e Alithouagh seu mav tell yoars grean vt
en e T 1 v ol vass 1t moamd on this <11y, you nay ROt Nass L e,
RT3 N WO B ch N for others 1o read
Ih ORSATION INFORMATION

The vratter pouss 1 oglass of wist v o
Jan2s, and g beer tor Brawun,

Heethoe Yanth or Broun has anv sistoers

Sarth g, tae Almeval's biother-1n-Taw.

w—mm e mam w e o ks smm mim o W R e e e maed w wmar e et

The Goeneral Tools up, and 1n the mirro
over the fireplace, sees the daor close
behind the waiter He then tuins ty '
speak to Robinson yho 15 neat tp,Qun

-

Reproduced from -
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Lake Erie
SIX-BITS VARIATION ( A Problem-solving Technique)

1

You may tell the others what is on this card,
3ut you may not pass 1t around.

. You are a remote sensing technology transfer
regional user from Michigan/Ohio Department
of Public Works
You have at your disposal much data about hu-
yman usage of the Lake, including waste disposal
data and geography.
Much of your information is outdated.
Kelly and South Bass Islands are Tocated North-
east of Port CTinton.
Port Ciinton's coordinates are 41.3°N82.9%,
, Port CTinton has a growing population of
' 850 000
A 1arge steel company has its mill on the west
shore of the rectanqgular Lake Erie.

2

You may tell the others what 1s on this card,
but you may not pass it around.

You are a low-flying aircraft photo inter-
preter.
. Thermal IR photography identified several
zones of brightness in the Take on Septo 5.
. Thesg br1ghter zones _extended from 41.5°N
82.8% to 41.6°N82.6%.
l.akes Michigan, Huron, and Superior flow
into Lake Erie at its Northwest point.

3

®ou may tell the others what is on this card,
but you may not pass 1t around.

You are & ground truther for remote sensing
technologists. You determine the spectral
signature for the resource being managed,
‘You observed a large bloom of Aphanizomen flos-
aquae 1n the Utah Lake on July 14th.

Algae 1s high reflective in near-infra-red
The surface water at Port Clinton was 14.5
on September 5, T1975.

0¢

4

You may tell the others what s on this card,
but you may not pass it around.

You are a computer analyst, working to
integrate satellite data.

Satellites can monitor subtle alterations
1n the environment which normally remain
unperceived.

On July 14 a satellite flight over Utah
Lake revealed a Targe gyre in the lake on
bands 5 and 6.

LANDSAT revealed zones of cyclonic traces
in Lake Erie on Spetember 8 in the red band
and near-infra-red band.

5

You may tell the others what is on this card,
but you may not pass 1t around.

You are a U-2 aircraft photo interpreter,
Using multi-band photos, you notice that the
gyres reverse contrast with surrounding water
n the near IR

During a routine flight over Lake Erie on
Sept. 8, a Tong dark streamer was observed
between the Islands.

On Sept. 9, a special flight confirmed the
sighting and revealed a second streamer direct
-ly below the inflow channel into Lake Erie.

6

You may tell the others what 1s on this card,
but you may not pass 1t around.

You are the TimnoJogist from the Water Quality

Control Board of the Great Lakes Area.
Summer algae blooms make regular appearances
in Lake Erie.

The evolution of most blooms takes place in
two to three days.

Your group has a problem to solve.

PROBLEM- Which areas of the lake are I1ikely
to have algae blooms?

e
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REMOTE SENSING TECHNOLOGY TRANSFER SIMULATION GAME
RULES
Note: First play "6 - Bits"

T. This game simulates an idealized resource management issue where citizens of
2 county are returned a substantial amount of decision-making power. Citizens
and resource agency representatives, together, try to find the best solutions
to the hypothetical issues in the game.

2. The first object of the game 1s to reach a consensus solution; one solution
with which all players can agree. It is the process that is important., though,
not the final solution.

3. The second object of the game 1s tq give you a chance to explore the social
impiications of remote sensing as a resource management tool as you try to
solve an 1ssue in resource management.

4. Now, divide yourselves equally into 5 aroups. Each group will represent one -
of these interest groups: recreationists, social reformers, landowners,
business persons, and qovernment agencies. (Have participants select the
group they prefer.)

5. We believe that playing the role of someone different than yourself will give
you a new perspective on the issues Act the way &ou believe persons who
actually find themselves in such roles would act. . These role cards are only
a beginning. Feel free to expand upon your role in any way you wish.
Improvise. (Pass out cards. Wait. Pass paper and pencils.}

6. After the introductory newscast. j
A. Fach group will prepare a short general statemen£ of their position.

B. Present them at a public forum.
C. Short discussion.

D. Back to old groups or form new groups and formulate specific plans of

action.
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10.
1.

12.
13.

14.

FINAL PUBLIC FORUM -- Each group presents their alternatives.

DISCUSSION -~ Try to reach consensus that integrates the various points
of view. (30 minutes)

FORM CAUCUSES IF NEEDED. '

Show sTides, play tape.

Have someone give out consensus suggestions.

Begin -- each group w11l prepare a short general statement about their posi-
tion on these issues.

A. Which area should be selected? (10,000 acres)

B. How should it be used?

C How should we use the information provided by NASA?

Each group presents positions and discuss.

Back to old groups, or form caucuses in order to draw up a specific plan of
action on these issues, To assist you, NASA has made available sample maps
of the area containing remote sensing data. Each group gets one and a list
of the others available at any time you can use these maps collectively.
(Pass maps and map 1ists.) Use this information, draw your own maps of the
area you'd Tike to see acquired and develop a strategy to present plan.
Public Forum. Groups present, discuss.

Give court suit card

Try to reach a consensus in 30 minutes that integrates the different points

of view.

Questions for Discussion:

1.

Call attention to unanswered questions (describe and analyze what went on).
Jot down notes during game, pertinent phrases.

Get players to suggest applications of this game in real life. How does this
relate to real 11fe situations?

What sorts of additional information did you need in order to solve these 1ssues?
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How could remote sensing data be used in this area? What restrictions should
be placed on this area? Who are the key representatives and who are the key
agencies who should be 1nvolved in training sessions?

Could this kind of community decision-making really work? that Pas to

happen first?

Feedback Toop -- send any ideas back to us about game itself, or about the
use of remote sensing data.

What is the next step?



APPENDIX III

Set of 6 maps of Mink County for a Problem~solving Exercise
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APPENDIX IV

Priotizing Consensus Game Model
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Decision by Consensus

- TR SN TR g0t 0 )
Aim: Experieneing how group decisions are made and how groups can
work together to, solve a commwon praoblem. Experlencing and illustrating
a novel. Becomming aware of group intersction.and how to function
;better in a group situation.

w

Formst:, NASA -

3

'First section (to be tgkeh by iﬁdiv;duala).ﬁgiﬁétrucgﬁgns:

You are in a space crew originally scheduled to ,yendezvous with a
mbther ship on the lighted surface of the.mooy., Mechanical difficul-
ties, however, have forced yvour ship to crash-land at a spot some 200
miles from thg rendezvous point. The rough landing damaged much of
the equipment aboard. Since suxvival depends upon reaching the
mother ship, the most eritical items available must be chosen for the
200 mile trip. Below are listed the fifteen items left intact after
landing... Your task is to vank them in .terms of thelr importance to
your crew in its attempt to reach the rendezvous point. Place number
one by the most important item, number two by the second most
important, etc. through fifteen, the least important.

box of matches

food concentrate

50 feet of nylon rope

parachute silk

portable heating unit

two .45 caliber pistols
one case dehydrated milk .
two one~hundred pound tanks of oxygen
stellar-map (on the moon's constellation)
life raft :
magnetlic compass
five gallons of water
signal flares ) o
First-aid kit containing injection needles .
solav-powered FM .receiver-trapsmitter

|

i

|

11/14/74
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NASA (Cont.)

Second Section (group consensus) This is an ezercise in group
_ deciaion-making.' Your group is to employ the ‘hethod‘of ‘group
concensus ‘in reachi.ng its decision, - This means that the prediction

,jhr ‘each of the £ifteen survival items must be agreed’upon b

“group member before it b%ﬁmmﬁsus
1T“ﬁtfffcuIt to reach. erefore, not every ranking will meet with
everyone's complete approval Try, as a h_ranki

one with which all up fmemb t ti.all agree. Here
are some guides €O use in reaching conaensus. N

-

‘1. " Avoid arguing for your owm 1ndi.v:l.dua1 jjudgments. “Approach
the task on the basis -of logi.c bl T

:-‘ ' . N 1 T

-

2. A id changing your mi.nd only in order to reach agreement
;/g!:} eliminate conflict. Support only solutions with which

you sre able to- agree to some exteni:, at least SR

- Al

NIE I ARV B

3. AV"id conflict-reducing’ tecl'mi.ques such as majority vote,"’
«, ' ‘averaging, or tra ne_in-reschine—de T

-

A < L. 'U-’ I

-

4., View differences of opinion as helpful rather’“than;as & '/t i [d
hindrancg in deci.sion-makin . . 4 /
'h'""r oG U/ ‘:'—iv.," A WA {JJ’ niod
On the Uroup Summary Sheet place SELG ridusl raﬂkings made
earlier by each group member. Take as much ‘time as you.nged in
reaching your group decision. " : - T
Key: Take the difference between you; ranking ‘and the ,rankir-tg on
the key. Add the differences. The lower ‘the score the. better.
These answers are based on the best judgmants that are.now
available to you.f They are not abaolute answers...

A I Pl
-
-.-.4-‘-"-

Third Section: (eritique) Following the exercise, discuss the
sources of the problem~solving techniques. How often did individuals
use the affective domain in working out the problem? How.often did
the cognitive domain dominate? What kind of 'balance existed? How
did thelr knowledge of the extensional world allow them to work with
the unknowns? What did they learn about their own learning styles?
Did they work better in groups or alone? Did they score higher as

a group, or was the individual score better? How did the scores
compare with the group average? Did they enjoy the individual work
more than the group work?

Fourth Section (applicability) Compare with the group problems
experlenced by the boys in the novel Lord of the Flies.

11/25/74
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ORANCE COUNTY DEPARTMENT OF EOUCATION
DRUG ABUSE PREVENTION EDUCATION CENTER
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ANSWER SHEET
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Qs NASA's Reasonin .
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EVALUATION FORM

Please answer each i1tem as completely as possible.
1- Did you change your views to help arrive at a consensus of opinion® Where there

some i1tems which you refused to compromise on®

{
2- What made 1t diffieult for you to reach a compromise? Would the same decision have

heen reached 1f you huad not made a compromise?

- Iy the final consc sus something that you yourself would have selected”? Whose
interests does 1t reflect” Iow [ar into the future do you feel you should project

your considerations?

1- Jtow de you Ffeel aboul compromise as a means ol resolving human and enviionmental
)

needs? I+s 11 an equilalile means of resolving conflict® How does 1t compare with

voling, and other decision-making methods?
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APPENDIX V

Documentation: Hoopa Valley Indian Reservation Demonstration
Projects as Part of Grant Activities

* Final Report -"Matershed Condition Inventory of the Hoopa
Valley Indian Reservation Utilizing Landsat Digital Data"
by Kenneth E. Mayer and Lawrence Fox III

* Executive Review of Final Report - "Watershed Condition
Inventory of the Hoopa Valley Indian Reservation Utilizing
Landsat Digital Data" by Donna B. Hankins

* Summary of Master's Thesis, "Evaluation of Deer Habitat on
the Hoopa Indian Reservation, Northwestern California, Using
Landsat Data Processed by Computer," by Jeffrey Soto

* "Summary of Yurok Photo Interpretation Class,” by Jeff Soto
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FINAL REPORT

Watershed Condition Inventory of the Hoopa Valiey
Indian Reservation Utilizing Landsat Digital Data

By

Kenneth E. Mayer and Lawrence Fox III

U.S. Fish and Wildlife Service
Arcata Field Station
Arcata, California

and
Remote Sensing
and Technology Transfer Project

Humboldt State University
Arcata, Califorma
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ABSTRACT

Landsat dig1ta1{data was analyzed using EDITOR software to map
Tand condition and vegetative cover on the Hoopa Valley Indian Reserva-
tion in Northern California. Guided clustering was employed to identify
the maximum number of spectral classes within the study area.

Land condition was mapbed according to percent crown closure of
brush {e.q. <10% to >80%) which was correlated to erosion potential.
Vegetationai communities were aggregated together and identified as
either conifer, mixed {(conifer, hardwood and brush) or hardwood.

Evaluation of the classification was completed using binomial
approximation within a cluster sampling design. The overall mean proba-
bili1ty of correct classification for omission and comm;ssion was 0.916
and 0.914 respectively.

The major conclusions are (1) Landsat digital data can provide ’
accurate detailed information on land condition and vegetative cover in
rugged mountainous terrain when analyzed using guided clustering tech-
niques; (2) a successful classification requires reliable and adequate
ground information, an interactive computer system with clustering capa-
bilities and adequate time for re-training to increase classification
accuracy; (3) It is possible to accurately classify a Landsat scene
using a remote computer terminal Tinked by phone to a central computer.

A color video display was not used for this classification.

i11
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PROJECT ADMINISTRATION

The project was a cooperative effort between the Remote Sensing
and Technology Transfer Project (RSTTP) at Humboldt State University,
the U.S. Fish and Wildl1fe Service (USFWS), and NASA Ames Research
Center (ARC).

The RSTTP provided overall administrative and coordinating func-
tions between the three agencies. Humboldt State University, through
its Center for Community Development, provided office faciities for the
RSTTP for the duration of the project. RSTTP was funded by the ARC-
Western Regional Applications Program (WRAP), with a substantial portion
of those funds set aside to complete this project.

NASA ARC provided:

- Technical coordination/consultation for all phases of
the project

- Technical facilities and persommel for training of
USFNS and HSU participants

- Computer faciities and analysis support materials
- Qutput product generation

U.S. Fish and Wildlife Service provided:
- BioJogical technician support (130 day position)

- Access to ground data in conjunction with the Bureau of
Indian Affairs and Hoopba Indian Tribal Council, Hoopa,
California

- ConsuTtation and coordination of activities in collection
of ground data and other supplementary materials.
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INTRODUCTION

Landsats -1, 2, and now 3 have provided earth resource scientists
the opportunity to acquire digital multispectral data repetitively over
Targe regions of the earth's surface. These data are being used to map
resources over extensive regions, to inventory specific resource para-
meters and to monitor change.

Application of these data to resource management problems has
necessitated the development of interpretive methodologies that allow
quick, consistent and accurate extraction of pertinent information.
Evaluations of digital image analysis of Landsat multispectral scanner
(MSS) data for mapping and inventorying natural resources have been made
(Rohde, 1978). The temporal and spatial distribution of forest cover types
is of prime concern in the management of our natural resources. Land
cover information has commonly been obtained through ground sampling and
mapping from high and low altitude aerval photograohy. These methods have
typically been time-consuming and expensive. Through the use of satellite
digital multispectral data, inventories have become less expensive per
unit area, and can cover larger areas more rapidly than was previously
possible. These studies and others have led to the development of image
analysis techniques that are useful in resource inventory and mapping
programs (Rohde 1978, Heller, 1975).

The U. S. Fish and Wildlife Service is concerned with anadromous
fish populations of the Hoopa Valley Indian Reservation and Klamath River
drainage. These populations have declined dramatically in recent years.
Many factors have contributed to this decline, with logging and reduced

stream fiow suspected of playing major roles.
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Anadromous fisheries management problems 1n this drainage are
related to habitat and water conditions associated with the Klamath
River, Trinity River and tributaries. Turbidity and water temperature
are significant factors which influence the quality of fish habitat and
increased siltation of stream gravels hinders successful spawning. Land
conditions of slopes adjacent to these streams have a direct relationship
to water quality and stream bottom condition. Land condition is regular-
ly altered by timber harvest operations which remove forest vegetation
and leave the land in early successional/regeneration stages for several
years.

The Service, in cooperation with the National Aeronautics and
Space Administration {NASA) and the Humboldt State University Remote
Sensing Technology Transfer Project, used Landsat MSS data to inventory
watershed conditions within the Hoopa Valley Indian Reservation in north-
ern California. The objective of this study was to produce a Landsat
vegetation cover map showing the locations of various land conditions
with emphasis on barren or other highly erodable Tand.

The results of this study will assist the U. S. Fish and Wildlife
Service in assessing the condition of the w;tershed on the reservation.
Study results should also assist the Hoopa Valley Tribe and Bureau of
Indian Affairs (BIA) 1n developing logging management programs beneficial

to the fishery resource.
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STUDY AREA

The Kiamath River watershed is a heavily forested area contain-
ing large stands of virgin timber, and draining approximately 15,600
square miles (25,100 km2) in Oregon and California. The majority of
the drainage in Califorma 11e§ with1n the boundaries of the Six Rivers,
Klamath, Shasta and Trinity National Forests. The Tower 42 mles
(67 km) of the Kiamath River and lower 16 miles (26 km) of the Trinity
River 1ie within the confines of the Hoopa Valley Indian Reservation.

The Klamath River flows westward from Iron Gate Dam, joins with
the Shasta and Scott Rivers and then turns southward and unites with the
Salmon River. After joining with the Trinity River, its largest tribu-
tary at Weitchpec, the Klamath River changes course and flows in a
northwestward direction before emptying into the Pacific Ocean near
Requa, California.

Throughout most of its course the Klamath River and its major
tributaries, the Trinity, Shasta, Scott and Saimon rivers flow in steep
V-cut valleys, between steep mountainous ridges. This feature, along
with numerous riffles and "nickpoints" (small waterfalls), is indicative
of rapid downcutting of the rivers through the underlying rock units.

In the study area, major rock units from east to west are the
Galice, South Fork Mountain Schist and the Franciscan. (Bulletin 190 -
California Division of Mines and Geology, 1964) The units are complex-
1y faulted and fractured and due to this feature, contribute large
amounts of clay rich sediment to the river system. -

The Trinity River drains 2,970 square miles (4,778 kmz) while

the Shasta, Scott, and Salmon Rivers each have drainage areas comprising

3
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approximately 800 square miles (1,287 km)}. Precipitation averages 40
inches (101 cm) annually throughout much of the basin and can exceed 90
inches (229 cm) per year along the coast. Precipitation gradually
decreases inland to approximately six inches (15.2 cm) annually in the
eastern portion of the basin.

The Hoopa Valley Indian Reservation comprises approximately
144,000 acres (58,299 ha) in Humboldt and Del Norte Counties, Califor-
nia. That portion of the reservation referred to as "The Square”
(Fig.1) comprises 90,000 acres (36,437 ha) and is generally mountainous
and rugged, ranging in elevation from 320 feet (97.5 m) to over 5,000
feet (1,524 m). Steep mountainous terrain comprises approximately 97
percent of "The Square" wh%]e the remaining area, the Hoopa Valley, is
a Tow alluvial plain, which borders the Trinity River.

Climatic conditions in this area vary appreciabiy with rainfall
averaging approximately 49 inches (124 cm) per year in the higher moun-
tains near Weitchpec. Snowfall is negligible adiacent to the Trinity
River but is substantial at hidher elevations. Temperatures vary from
mean January and July values of 54 F {12.2 C} and 70 F (21.1 C),
respectively, with extreme variations to 16 F (-8.8 C) and 102 F
{38.9 C). Soils fall within the broad vegetational class referred to as
the Douglas Fir-White Oak prairie type. The timber covered terrain
provides desirable habitat for blacktail deer, bear, quail, grouse and
many fur bearing amimals. The economic base of "The Square" is centered
around the timber industry with large stands of Douglas fir providing
the principal resource,

The two tribes which reside on the Hoopa Valley Indian Reserva-

tion 1nclude the Hupa Indians of "The Square" and the Yurok Indians who
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occuny land along the Tower 42-mile (67.5 km) stretch of the Klamath
River, frequently referred to as "The Strip". The original Hoopa
Valley Reservation (that portion referred to as "The Square") created
in 1864, was enlarged in 1891 to include a tract of land one mile in
width on either side of the Klamath River extending from "The Square"
to the Pacific Ncean. This extension incorporated the old Klamath
River Reservation or "Lower 20" section created in 1855, into the Hoopa
Valley Indian Reservation. Most of the "Lower 20" has since passed
into non-Indian ownership, resulting in controversies concerning Indian
ownership and rights within the Klamath River section of the reserva-
tion. Despite the large private holdinas, the U.S. Supreme Court in
1973 held that the "Lower 20" portion was st111 considered "Indian
Country".

Land-conditions and environmental factors along "The Strip" are
simlar to the Hoopa Square. The Klamath River is characterized by
steep canyon walls with slopes 1in excess of 100 percent. Vegetational
communities are simlar to "The Square" with the exception of Redwoods
which are found near the mouth of the Klamath River. Both "The $trip"
and "The Square" contain many tributary streams which provide consider-
able anadromous fish habitat.

Tribal members of "The Square" have formed a government based
on an official tribal roll, which has exercised a broad range of juris-
diction over Indian affairs, including fishing. A g111 netting ordi-
nance adopted by the tribe in 1976 prohibits the placement of any qill
net which extends beyond two-thirds of the distance across the Trinity
River, the nlacement of any net 1n front of the mouth of any tributary

stream and the taking of fish for commercial purposes. Gill nets must
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also be 1ifted and removed from the river on a daily basis.

Unlike the Hupas, the Yurok people have had no officially-
recognized tribal government, tribal roll or means of jurisdiction.
Their lack of authority to control or regulate individual tribal fisher-
men has resulted in the current controversy surrounding Indian fishing
rights on the Klamath River. An Ad Hoc Fishing Committee, comprised of
Yurok Indians was formed in 1975 to advise the Yurok people concerning
fishing rights. This commttee disbanded 1n 1977 because of widespread
tribal non-support. Attempts are underway by a number of Yurok leaders

to form an interim tribal government on the reservation.

Fishery Resource

The Klamath River basin has historically supported large runs of
salmon and steelhead trout, which have contributed considerably to sport
and commercial fisheries in California and have provided the mainstay of
Indian economy i1n the area. Heavily utilized trade routes from the
wntertor to the sea, resulted in a lively commerce in dried fish and
shells. Much of the ritual and Tabor of the Indian people was related
to the capture and care of salmon and steethead. The fall chinook
salmon run was most imoortant because low river flows and considerable
numbers of larqe fish provided optimum fishing conditions. The flesh of
this fish was ideal for smoke curing and storing for winter use.

Ind1ans historically constructed fish weirs of logs, poles and brush
across the rivers and speared or netted upstream migrants. Weirs remain-
ed in place until Tate fall high flows washed them away. In recent
decades, weirs ﬂave been replaced by more efficient gill npets which have

raised a variety of jurisdictional questions regarding Indian fishing
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rights.

Biologists with the U.S. Forest Service estimated an annual net
economic value of salmon and steelhead fisheries attributable to the
Kiamath River watershed, exclusive of the Trinity River drainage, of
$21.5 mill1ion. This value includes sport and commercial fisheries but
does not take into account the Indian subsistence fisheries. Average
annual values per mile of chinook salmon, coho salmon and steelhead
trout habitat within the Klamath National Forest were also estimated at
$25,000, $2,300 and $4,500 respectively (Kesner, 1977).

Eight anadromous fishes spend portions of their 11fe cycles in

the Klamath River System: gh1nook or king salmon (Oncorhynchus tshawyt-

scha), coho or silver salmon (Oncorhynchus kisutch}, steelhead trout

(Salmo gairdneri), coastal cutthroat trout (Salmo clarki clarki), brown

trout (Salmo trutta), green sturgeon {Acipenser medirostris), American

shad (Alosa sapidissima), and Pacific lamprey (Lampetra tridentata).

Small runs of white sturgeon {Acipenser transmontanus) may also occur in

the basin (Moyle, 1976). Resident species include native rainbow trout

(Salmo gairdneri), brown trout (Salmo frutta), eastern brook trout

{Salveninus fontinalis), and several species of non-game and warm water

game fishes. Notable marine visitors include the starry fiounder

(Platichthys stellatus), surf smelt (Hypomesus pretiosus), and redtat]

surfperch (Amphistichus rhodoterus)(Rankel, 1978). A review of life

history information for respective species along with a summary of

temporal run-size trends appears in Rankel (1978).
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MATERIALS AND METHCDS
Landsat Overview

The Earth Resource Technology Satellite Program (Landsat 1, 2 and
3) has been designated as a reseérch tool to demonstrate the feasibility
of remote sensing from space as a practical approach to management of
earth's resources. The data-gathering satellites operate in sun-synchon-
ous, near-circular orbit, at an altitude of 917 km (570 miles). The
Landsat satellites sense {reflected solar energy) with a multispectral
scanner (MSS) in four spectral bands from 0.5 to 1.1 micrometers {aam) .

The scanner records a swath-100 nautical miles wide in a continuous,strip.
Each strip or scene is 2340 scan 1ines long and 3240 scan lines wide.
These scenes are divided into four strips; each strip is 810 pixels wide.
Individual pixels (ground resoiution elements) measure 78 meters along the
direction of the orbit's path and 57 meters in width. The size of each
pixel element is the greatest 1imiting factor on spatial resolution.

The Landsat data is directly recorded 1n a digital format on mag-
netic tape, greatly facilitating the application of computer processing
programs. At the initial stage of the inventory of natural resources,
the utilization of Landsat data to generate a set of statistics from the
computer compatible tapes (CCT) appears useful for regional surveys of
ex1sting vegetation cover and for monitorinag changes of the land cover

types.
Image Selection, Registration and Preprocessing

After a review of the vegetation communities, desired land condi-
tion classes and ground truthing time frame,an April 12, 1977 Landsat

9
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scene was selected for analysis. A computer compatible tape was acquired
from Earth Resources Observation Systems (EROS) Data Center. Radiometric
anomalies, including bad data 1ines and points, radiometric striping and
atmospheric scattering were not corrected or normalized before processing.
These errors were not significant for the data tape.

To correct the inherent geometric errors in the Landsat digital
data, systematic and predictable errors were modeled and corrections
were applied. Non-systematic errors were also corrected in order to
account for variations in spacecraft attitude and altitude. In natural
resource inventories it is important to have accurate Tocations of sample
plots or specific resource features.

Once preprocessing had been completed, a window was selected from
the Landsat scene. The window selected to cover this area was approxi-
mately 1,000 pixels (acres) on a side, 1,000,000 bytes of information

1n each of the four channels.

Digital Image Processing

The Landsat digital data was analyzed using interactive proce-
dures and multispectral classification algorithms based on multivariate
discriminant analysis theory (Morrison, 1967). The purpose of digital
image processing 1s to group pixels spectrally into a number of meaning-
ful categories that can be correlated to natural resourre features. This
grouping is done through a Euclidean minimum distance or a Gaussian maxi-
mum Tikelihood decisinn rule (Morrison, 1967). The Earth Resource Tech-

nology Satellite Data Interpreter and TENEX Operation Recorder (EDITOR)
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software was used exclusively to carry out these functions.

EDITOR is a three-fold system for interactive image processing,
file management, and ILLIAC IV high speed central computer interfacing.
Interactive 1mage processing allows for the manipulation and display of
Landsat digital data by the analyst at a local level using a portable
computer terminal. The File Management system controls input and output
of data and editing of file structure. ILLIAC IV is used for batch runs
of submtted data from files of the two preceding parts of the system.
EDITOR 1s arranged under a multi-level command system, allowing access
to lower levels only through the preceding level. There are six primary
functions which can use either raw or categorized data in the analysis
process. The system provides the user great flexibility in processing

digital Landsat data.

Unsupervised Classification

The first step taken in processing the Landsat scene was an
TLLTAC IV unsupervised classification. An arbitrary number of spectral
classes (20) was chosen and submitted to the ILLIAC IV for unsupervised
classvfication. The computer assigned alphanumeric symbols to the spec-
tral classes that 1t selected using Euclidean minimum distance, and a
Tine printer map was produced. The Tine printer map, at approximately
1-24,000 scale, was useful 1n determining the geographical location of
spectral classes A two-channel map was developed using channels 2
(red), and 4 (infrared). The spectral means of each claess were plotted
I their respective channels. At this point it was possib1é to beqgin
making 1nferenc;s as to which resource types the classes represented.

U-2 and Tow level aerial photography were used to assign reliable
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resource labels to the computer assigned classes.

Calibration File

In order to assure accurate location of resource features on the
Landsat scene, a calibration file was produced. Unigque pixels or
control points on the Tine printer map and their corresponding location
on 7% minute quadrangle maps were recorded and analyzed using least
squares regression technigues. Row/column and latitude/longitude of the
control points were entered 1nto the computer and were edited. Control
point editing is the process by which mis-located points are eliminated
to achieve accuracy of within one pixel (80 m) of the true location.
The calibration file standardized the Landsat scene to United States
Geological Survey (USGS) gquadrangle maps. This insures accurate location

of resource features as well as training areas.

Supervised Classification - Guided Ciustering

Supervised classification with guided clustering uses independent
information to define statistics that establish classification categories.
Areas were selected that were spectrally homogeneous for each resource
type. The process of guided clustering enables the analyst to account
for spectral heterogeneity within a training field. A cover type may be
homogeneous in terms of resource category definition, but may contain
several spectral signatures.

Approximately 100 training fields were selected and recorded on
USGS quadrangle maps and labeled according to resource category. The
training fields were digitized, Tabeled and stored in the computer for
post classification processing. Each quadrangle map became a digitiza-

t1on segment. The segments as well as the 1rregular polygon training
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fields within them, were stored in computer memory. Ground truth for
each field was recorded and each segment was grouped or "“packed" into
files containing Tike ground truth information. Each pack-file was
labeled as to resource type or category represented.

After the packing process each pack-file was analyzed for spec-
tral homogeneity. Raw data from these files were displayed as histograms
and inferences were made as to the number of spectral classes present.
The histograms were valuable in determining the number of classes for
each training field (Fig. 2).

Guided clustering was performed on each pack-~file to determine
the means and variances of ?he spectral cluster chosen. Swain Fu dis-
tances (Swain, 1968) between the mean of each cluster were then listed
n a separabiiity matrix. Decisions were made at this point as to
additions or eliminations of clusters within the training fields. This
was based on the separability of the clusters and the number of pixels
within each cluster. The remaining clusters were then defined as stat-
istics files which contained means, variances and co-variances for
categories created by clustering. FEach pack-file had then become a
statistics file, which contained one to several spectral classes depend-
1ng on the results of the guided clustering.

Spectral confusion was found to exist between various statistics
files. This confusion was anticipated, as each training field was
clustered 1ndependently. The EDITOR routine called "pool and merge" was
used to combine statistics files and the spectral classes within them.
It also allowed for the deleting of individual classes which eliminated
spectral confusion between 11ke classes. For example, two statistics

files were re-called and merged together to create one file. A
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separability matrix was produced and classes were either pooled together
due to 11ke features, deleted because of spectral conflict with other
classes, or written as is, if spectral separability was retained. This
iterative process continued until all of the statistics files were merged
and pooled together. As a result, a final supervised/guided clustering
statistics file was produced.

A classification was produced with the original segments using
the final statistics and printed out with the appropriate alphanumeric
symbols that depicted the 1ndividual classes (Fig.‘S). Using the previ-
ous ground truth information, known resource labels were assigned to the
final classes. U-2 photo interpretation was then directed toward 1denti-
fying those individual classes which could not be 1dentified from the
previous ground truth information.

After assigning resource names, the previously described unsuper-
vised classification was used as an 1nput statistics file and merged with
the supervised statistics file. This was done 1n order to identify new
spectral categories that were not i1ncluded in the training statistics.
This form of double classification proved to be helpful in identifying

the remainder of the unique spectral classes present in the study area.

Classification

A "Gaussian maximum Tikelthood classification" was completed of
the Landsat scene. The final statistics file from the supervised-
unsupervised classification was submitted to the ILLIAC IV for classify-
ing. A Tine printer output and an Interactive Digital Image Manipulation

System (IDIMS) tape was produced. On IDIMS, 1t was possible to interac-

tively color the classes. The Landsat scene was displayed on the
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Cathode Ray Tube (CRT} and color selection was completed. From this,
35 mm slides were taken and used as preliminary products. A Dicomed, a
color photograohic print, was also produced and was helpful in choosing

the final color scheme.

Stratification

The political boundarties of the Hoopa Valley Indian Reservation
were stratified into the Landsat scene (Fig. 4). Pixels occurring on
the boundaries were removed by the computer and replaced with dummy
pixels, which were colored white. The Hoopa Square was divided into
management units which were stratified into the Landsat scene (Fig. 5).
The management units were developed through personal communication
with B.I1.A,, the Forestry Devartment (Soto personal communication,

1978). They tend to correspond with the existing cutting block

compartments.

Field Data Collection Techniques

Field data or gqround truth was collected for each land condition
category. The study area was divided 1nto sub-sections in order to
expedite the field data collection process. These sub-sections had been
previously delineated by the B.I.A. at Hoopa and were outlined in
comprehensive logging maps. These were then used to direct the collec-
tion of ground truth data.

Aerial photographs of the area were examined to determine the
types of land condition categories present. These categories were then
aggregated together and a representative sample was chosen for field
inspection.

Each field plot visited was inspected for plant species

A3l



Figure 4.

-4

Plotter representation of the Klamath Extension
and Hoopa Square.
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Figure 5. Plotter represention of the eight management units,
Hoopa Square.
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composition, soil condition, erosion potential, aspect and slope.
Furthermore, each field plot was visually inspected and an occular esti-
mation of the percent crown closure was made.

These field plots became training fields for the classification
and were used to standardize the airphoto interpretation when used for
further ground truth collecting. Anproximately 80% of the ground trﬁth
information was coliected from airphotos. This provided for quick and

consistent data collection that could be esasily verified or dup1icqted.

Evaluation

The Landsat classified scene (April, 1977) was evaluated using
U-2 color infrared photography (May, 1978). A nine by eighteen inch
format transparency (1:32,500) of the Hoopa Valley and adjoining forest
land was enlarged and printed to match the 1:24,000 scale of the 1ine
printer map.

The evaluation site was selected to be representative of the
study area and contained all of the major cover categories defined in
the classification. The site was also adjacent to a unique meander in
the Trinity River which faciltitated accurate pixel location.

A black 1ine grid was produced on clear mylar to allow an
accurate fit to the 1ine printer map. Fach grid square represented the
s1ze of a pixel at the scale of the line printer map. The grid was
placed on the classification and prominent qeographical features (e.g.,
the Trinity River) were identified and labeled. The grid was then placed
on the photograph and rotated until a local fit was established, matching
geographical features. Pin marks were placed on both products to assure

registration.
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The mylar grid was divided into a sér1es of nine by nine inch
pixel sampling clusters, eliminating those which had pixels occurring
outside of the photograph. Clusters were selected at random and sampled
without replacement. The mylar grid was locally fit to the photograph
to allow for relief displacement errors. Photo-interpretation was used
to evaluate each pixel as to its true land cover category and if the
Landsat classification was correct. A pixel count per class sampled was
also recorded to insure adequate sampie size. Errors of omission and
commission were calculated and point estimations of the mean probability
of correct classification were determined.

Errors of omiss1on‘were determined by using binomial approxima-
tion sampling theory {Cochran, 1977). The variance of each Landsat class
was calculated using a weighted sum of squares of deviations of the p,
(probability of correct classification in class.. ) from the population

value P.

- EaA
P= S Ma

2

V(P) - _Zaa 2 - 2p Zaa Ma + P2 ZMmA

NAZ  N-1

Where m = €ma/n is the average number of elements per cluster 1n the
sample.
From this, standard deviatton and a Tower 1imit at 95 percent confidence

were calculated for each class.

Classification Aggregation

The classification was aggregated as to Landsat class using the

NASA IBM 360 computer. The "Hoopa Square" was agagregated separately

2235



22

from the "Klamath Strip". "The Square” was also divided into the
management units and summary statistics were produced. The aggregation
statistics were accessed through the EDITOR software. Summaries of the
number of acres, hectares, and pixels occuring within each ciass were

calculated per area.
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RESULTS AND DISCUSSION

Category Description

The Landsat scene was classified into twenty-four spectral
classes (Table 1). From the computer training process seven major land
condition categories could be 1denti%1ed by thirteen distinct spectral
classes. In addition, three vegetation categories were found which
comprised eight spectral classes. Two other resource cateqories, water
and snow were identified and consisted of three spectral classes. Land
condition categories as well as vegetation categories were developed
throughout the classification process. Computer training was completed
on a variety of Tand condition and vegetation sites. The computer was
used to determine the final categories through algorithm clustering.

Land condition categories were identified by percent crown
closure. Crown closure was defined as the proportion of ground covered
by perennial plants. Land condition category >80%, consisting of class
A, was characterized by dense brush and a minimum of exposed bare $o01l
(Fig.6 ). Veqgetation cover consisted primarily of Ceanothus, and was
greater than 15 feet 1n height. At times, scattered hardwoods could
also be found within this category. Eroston was found not to be signifi-
cant as the percent crown closure was high. Categories 60% and 50% were
similar 1n appearance except for a greater amount of bare soil in the
50% category. Spectrally, the 60% category could be identified by spec-
tral classes F, B, and 0, resulting in more class discrimination than
the 50% category which consisted of spectral class nine. Category 40%
was very unigue spectrally and could be identified by four spectral

classes, 4, D, E and G. Vegetation in these areas consisted of Tow

23
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Table 1. Land Condition ~ Resource Categories and the Number
of "Spectral Classes.

Condition Category Number of Spectral Classes

Conifer
Mixed
Hardwoods
>80% CC* Brush
60% CC "
50% CC "
40% CC "
30% CC "
20% CC "
<10% CC "
Water
Snow

I e i i VLR o E RV

Total

™
=

20¢ = Crown Closure
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75, 9x CONCENTRATION ELLLTIPSES FOR BANDS 6 AND 5
HOOPA SOUARE 24 (1.ASSES
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Figure 6. Plotter graph of the final 24 specitral classes in
two bands, Band 5 (Red .6 - .7 ), Band 6 (IR .7 - .8 ).
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brush and scattered small perennials. Annuals, e.g., grasses, were
insignificant,

Erosion in these areas seemed to be low. However, each site has
the potential for extreme mass wastage, as erosion 1s site specific in
this region. It was found that erosion increased as the percent crown
closure decreased. The 30% category was a prime example of this as evi-
dence of surface erosion was present. This category was represented by
spectral class H and comprised a relatively small portion of‘fhe classi-
fication,

Categories 20% and <10% exhibited the highest potential for ero-
sion. The 20% crown c]osure category was relatively unstable even
though covered partially by vegetation. This is substantiated by the
presence of two spectral classes 7 and 8 indicating residual plant Tife.
The bare so11 category, <10% crown closure spectral class I, was very un-
stable with 1ittle or no ground cover. This condition was usually a re-
sult of recent logging or land slides. Through field examinations it was
determined that the majority of the land condition classes were caused
directly or indirectly by logging practices.

Vegetational communities were aggregated into three categories.
Conifer was ident1fied by spectral classes 1 and 2 which was correlated

to tree density. Douglas Fir (Pseudotsuga menziesii) was the primary

conifer and extensive stands do exist throughout the Reservation. The
mixed category was a combination of conifer, hardwood and brush. These
vegetation types, and mixes, were aggregated together. As a result five
spectral classes (3, €, J, K and L) were 1dentified as mixed. Hardwoods,
a spectrally distinct category, were represented by spectral class M and

could be found mixed throughout the forest cover. Hardwoods were also

F
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noted in pockets along valleys and ridges. Tanoak (Lithocarpus densi-

florus), madrone (Arbutus menziesii), black oak (Quercus kellogii), white

oak (Quercus lobata) and bigleaf maple (Acer macrophyllum) were the

exclusive species.

Final Products

Final products were developed by applying the final classifica-
tion statistics to the raw Landsat data. Photographic reproductions were
produced using designated colors to represent the final categories.

Figure 7 is a pictorial representation of the Hoopa Square and
Kiamath Extension. The white boundary lines are the political boundaries
of the study area that were stratified into the scene. Ground truth and
classification evaluations were completed only within those lines. Sig-
nature extension was used to classify the remaining area for which no
field work had been completed, and consequently was not evaluated.

Conifer was color-coded dark green and can be seen throughout
the study area {Fig. 8). The medium green areas represent the mixed
category and the light green areas are hardwoods. These shades of green
were used to identify areas of heavy forest cover. Water was color-coded
aqua and can be seen within the Hoopa Valley and extending to the coast
at Requa.

Land condition categories were colored various shades of red and
brown 1n order to highlight the Tow crown closure areas as these areas
are relatively unstable and require special man;gement considerations.
The red areas depict the <10% CC category which appears scattered
throughout “The Strip" and "Square". The remaining shades of red corres-

pond to other Tow crown closure categories. These are represented by



Figure 7. Hoopa Square and Klamath Extension - Final Product
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Figure 8. Color Key for Final Products.
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Figure 9. Hoopa Square with Management Units - Final Product.
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Table 2, Area Estimation of Landsat Categories per Management unit, Hoopa Square,
Klamath Extension.
Hoopa BSquare Klamath
Units 1 2 3 b 5 6 7 8 Total Extension
1646 2780 k227 2171 302 1100 1659 2910 16795 6080 P
Conifer 184y 3114 L473h 2432 338 1232 1858 3259 18811 6810 Aj
o6 1260 1916 984 137 499 752 1319 7613 2756 H
1188 5144 4639 3194 2752 4501 3231 4301 28950 16577
Mixed 1331 5761 5196 3577 3082 5041 3619 4817 32h24 18566
338 2332 2103 1h48 1247 2040 1464 1949 15121 7514
Hardwood 1 555 189 111 113 132 175 260 1670 1230
arawoede 1§f 622 212 124 127 148 196 291 1871 1378
51 252 86 50 51 60 79 118 757 558
ohs 1712 898 1073 719 932 780 867 7225 3051
>80% cc 272 1917 1006 1202 805 1044 874 971 8093 3417
Brush 111 776 ko7 486 326 422 354 393 3294 1383
227 713 326 313 292 483 835 505 3694 hi74
60% CC 254 799 365 351 327 541 935 566 b138 h675
Biush 183 323 148 1k2 132 219 378 229 1674 1892
1 518 783 450 382 649 690 487 4118 L294
50% CC 1?3 580 877 504 L28 727 773 545 4612 4809
Brush w2 23% 355 204 173 294 313 221 1,867 1946
161 652 535 290 296 226 723 588 271 2511
40% CC 180 730 599 325 332 253 810 659 3888 2813
Brush 73 296 242 131 134 102 328 267 1573 113

AN
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Table 2. Area Estimation of Landsat Categories per Management unit, Hoopa Sgquare,
Klamath Extension (Continued}.

Heoopa Sqguare Klama-th

Units 1 2 3 L 5 6 7 8 Total Extension

45 100 58 27 1 5 92 59 L2y 497 P%

30% CC 50 112 65 30 bé 6 103 66 478 557 A

Brush 20 Ls 26 12 19 2 L2 27 193 225 H

422 690 1029 613 106 199 557 817 L33 4031
20% CC 473 793 1152 687 119 223 624 915 1966 4515
Brush 191 313 466 278 48 90 252 370 2008 1827
210 482 998 547  1h1  L71 516 523 3888 3657
<10% CC 235 540 1118 613 158 528 578 586 L3s56 4096
Brush 95 218 452 248 64 213 234 237 1761 1658
1.0 17 32 ol 28 5 16 10 172 3412
Water 11 53 36 27 31 6 18 11 193 3821
5 21 15 11 13 2 7 5 49 1547
0 2 1i4 5 0 7 1 0 7 -129 - 30
Snow 0 2 128 6 0 8 1 0 145 34
0 1 52 2 0 3 0 0 58 14

LLh8 13395 13828 8818 5172 8710 9275 11327 74973 Loshl
Total 4981 15003 15488 9878 5793 9757 10389 12686 83975 55490
2015 6072 6268 3996 2344 3946 4203 5135 33979 22458

Hectars
Crown Closure

Pixels Sy
Acres - deg

o
o
It

b=
It

£€
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Table 3. Percent Area Estimation of Landsat Categories per Management Unit, Hoopa Square
and Klamath Extension.

Hoopa Square Klamath

Units 1 2 3 L 5 6 4 8 Total Extension
Conifer 37.0 21.0 31.0 25.1 6.0 13.0 18.0 26.1 22.0 12.3
Mixed 27.0 38.0 34.0 36.2 53.0 51.0 35.0 38.0 39.1 33.4
Hardwoods 3.0 4.0 1.5 1.0 2.0 1.5 2.0 2.0 2.0 2.3
>80% CC®* Brush 5.5 13.0 6.4 12.0 14.0 11.0 8.0 8.1 10.0 6.2
60% CC Brush 5.0 5.0 2.2 4,0 6.0 5.5 9.0 4.0 5.1 8.1
50% ¢C Brush 3.5 4.0 6.0 5,0 7.0 7.5 7.0 4.0 5.0 9.2
L40% CC Brush 3.6 5.0 4.0 3.0 6.0 3.0 8.0 5.2 5.0 5.0
30% CC Brush 1.0 0.7 0.4 0.3 0.5 0.1 0.9 0.5 0.5 1.0
20% CC Brush 9.5 5.0 7.2 7.1 2.0 2.0 6.0 7.0 6.1 8.2
£10% ¢C Brush 4.7 4.0 7.0 6.0 3.0 5.2 6.0 5.0 5.0 7.0
Water 0.2 0.2 0.2 0.2 0.5 0.1 0.1 0.1 0.2 7.1
Snow 0.0 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1
Total 100 100 100 100 100 100 100 100 100 100

a0 = Crown Closure

143



35

substantial (approximately 11 percent) portion of "The Square". It can
be stated at this point that large areas of barren or nearly barren soil
exist on the Reservation,

Within "The Strip", the E1xed category was also the largest
class, accounting for approxtmately 33 percent of the area or 18,566
acres (7.514 ha). Conifer comprised 12.3 percent of the area, while‘
<10% CC comprised 7 percent. The 50% CC category was the laraest land
condition category covering over 9% percent of "The Strip". The low crown
closure categories (<10%, 20% and 30% CC) comprised over 16 percent of

the total area, which appears to be a result of Togging.

Evaluation

The overall mean crobability of correct classification for omis-
s1on was 91.8 percent (Tabie 4). This can be used as an indicator of
classification reliabi1lity. Accuracy percentages for omission indicate
the probability that a pixel, truly representing class " A" on the
ground, will be classified into class “A". Category accuracy varied
from 97.3 percent for conifer to 81.0 percent for 30% crown closure.
The relatively low accuracy of the 30% CC category was a result of
sample size, as very few representatives of this cateqory were found 1n
the evaluation site. The 20% and <10% crown closure categories exhbit-
ed accuracies of 95.6 and 93.3 percent respectively. This accuracy 1S
much higher than the Tevel found in previous studies. Aldrich (1975)
stated that throuah the use of computer training and mapping from the
Pacific Southwest (PSW) at Berkeley and the Laboratory for Applications
of Remote Sensing {LARS) at Purdue University, bare so1l could be identi-

fied with an accuracy ranging from 7 to 57 percent. Through our use of

A4
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Table &4. Error of Omission

Mean Probability Cluster Lower Limit
of Correct Standard Sample Size 95% Confidence
Category Classification Déviation (# of clusters) Level
Conifer 0.973 0.012 15 -0.021 (0.95)
. Mixed 0.883 0.022 18 -0.038 (0.85)
Hardwoods 0.880 0.038 14 -0.076 (0.81)
>80% CC? Brush 0.910 0.040 | 15 ~0.070 (0.84)
60% CC " 0.850 0.055 17 ~0.096 (0.75)
50% CC ) 0.951 0.032 23 -0.055 (0.90)
hoz cc " 0.971 . 0.025 9 ~0.086 (0.93)
30% CC " 0.810 0.146 7 -0.276 (0.54)
. 20% CC " 0.956 0.027 1y -0.047 (0.91)
<10% CC " 0.933 0.024 18 -0.041 (0.89)
Water 0.863 0.08 6 -0.165 (0.70)
Overall 0.916 0.0089 36 -0.015 (0.90)

ace = Crown Closure

13
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qguided clustering and the pooling of supervised and unsupervised statis-

tics, a higher accuracy was attained. Furthermore, the Reservation studg

area was considerably sma11er,ﬁa110wing for ﬁore intensive field work.
Commission errors were also calculated and the overall mean

probability of correct classification was 91.4 percent (Table 5}.

These percentages indicate the probability that a pixel, classified {nto

class "& ", truly represents class "

on the ground.

Accuracy ranged from 97.6 percent for the conifer category to
67.0 percent for the >80% CC category. The Tow accuraéy for the >80%
category was a result of two factors. First, mis-classification occur-
red because of dead trees jn the stand. A true mixed category on the
ground was being classified as >80% crown closure. This was due to the
spectral confusion between bare soil and dead trees. 1In addition, mis-
classification occurred with black oak. At the time of year of the
Landsat scene black oak had not 'leafed out'. This factor resuited 1n
holes in the canopy which influenced the spectral response. We feel
that these problems could have been resolved with more computer training

on the problem areas.
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Table 5. Error of Commission
Mean Probability Cluster
of Correct Sample Size

Category Classification (# of clusters)
Conafer 0.976 15
Mixed 0.974 18
Hardwoods 0.914 7
»80% CC? Brush 0.670 15

60% CC " 0.884 8

50% CC " 0.858 20

hog% cC " 0.971 9

30% CC " * 0.884 8

20% CC " 0.913 11

<10% CC " 0.804 i1
Water 0.833 Iy
Overall 0.914 30

a

CC = Crown Closure
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SUMMARY AND CONCLUSIONS

Landsat digital data, with supporting U-2 aerial photographs and
ground truth sampling, was used to map forest Tand condition and vegeta-
tion cover on the Hoopa Valley Indian Reservation. The Landsat digital
data was analyzed using the EDITOR software package, which was accessed
through a portable computer terminal at Humboldt State University.
EDITOR consists of a series of interactive procedures and multispectral
classification algorithms based on Multivariate Dhiscriminate Analysis.

Guided clustering was used to develop training statistics and to
evaluate initial classification results., Final statistics were generat-
ed and used to classify the lLandsat scene. The classification provided
an inventory of the area within the Tand condition categories defined.

A pseudo-color map was produced and tabular summaries were developed for
each category, by forest management unit. The classification accuracy
was evaluated by using a pixel grid on U-2 photography. Classification
errors of omission and commission were calculated using a binomal
approximation within a cluster sampling design.

The following major conclusions were reached:

1) Landsat MSS data can be processed, using guided clustering
techniques,to accurately map (81% to 97% accuracy) land
condition and vegetation cover categories (e.g., conifer,
mixed and hardwoods) and percent crown closure of brush
{seven categories from<10% to»80% CC) in regions of rugged,
mountainous terrain,

2) A successful classification requires reliable and adequate

around 1nformation, an interactive computer system with

39
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3)

4)

5)

6)

40

clustering capabiiities and adequate time to allow for re-
training to increase classification accuracy.

Guided clustering techniques are essential for developing
training statistics containing the maximum number of spec-
tral classes.

A successful classification can be accomplished using a ée—
mote computer terminal accessed by phone to a central compu-
ter,

The vegetation complex of the Hoopa Indian Reservation was

described as follows:

Conifer Forest . . . . . . . .. 18%
Mixeé Forest . . . . . .. ... 36%
Hardwood Forest. . . . . . . . . 2%
Brush ~ >80% Crown Closure . . . 8%
"o- 604 " " .. . b%
"o~ 505 " " R & 4
"oo- 40% " " . v .+ D%
"o- 307 0" " .. 1%
"o. 20% " " e 1%
o= <10% Y " .« . . B%
Water - . e e e e e e e 3%
SNOW = . . v h v e e e e e . 1%
TOTAL 100%

The crown closure land condition categories comprise approx-
tmately 40 percent of the Hoopa Indian Reservation. The
sparse brush or crown closure categories ( <10% to 30% cC)
cover 14 percent and the heavy crown closure (40% to >80% CC)

categories cover approximately 26 percent.
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GLOSSARY

algorithm -~ A mathematical formula used to calculate a statistic used
to place pixels in various categories.

anadromous fish - Several species of fish that Tive their life at sea
and return to fresh water to reproduce.

atmospheric scattering - Light scattered by the atmosphere which causes
a near-equal increase in brightness for all pixels, usually
greater in Band 4. -

bad data 1ines - Scan lines containing no data.

band - A wavelength interval in the electromagnetic spectrum. Landsat
bands are numbered 4, 5, 6, 7. Often computer analysts number
them as channels 1, 2, 3, 4.

bit - In digital computer terminology, this is a binary digit that 1s
an exponent of the base of 2.

byte - A group of eight bits of digital data.

calibration file - A collection of points common to a map base and the
Landsat image used to 'fit' the Landsat data to the map.
categorized data - Raw data that has been placed into a category. °

channels - Wavelenath intervals of 1ight energy received by a remote
sensing system. See band.

classes - Categories that spectral responses are placed 1into.

classification - The process of assigning individual pixels of a multi-
spectral 1mage to categories, generally on the basis of spectral-
reflectance characteristics,

clustering - The process of mathematically assigming similar spectral
signatures to classes or categories.

control points - Geographical locations that the Landsat image 1s
corrected or aligned to.

41
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C.R.T. - Cathode ray tube.

dicomed - A pseudo-color photographic reproduction of classified Landsat
data.

digitization - The process of converting an image recorded originally on
photographic material into a numerical format.

EDITOR software - An interactive computer program that analyses Landsat
digital ‘data using quided clustering procedures.

Euclidean minimum distance - A statistical decision rule used by the
cluster analysis routine to assign pixels to various categories.

Gaussian maxtmum 11kelihood classifier - A statistical decision rule used
n conjunction with known training sites to assign pixels to
various cateqories.

qground truth - Data that 1$ collected wn the field, on-the-ground inspec-
tion.

IDIMS - Hardware developed by ESL Corporation that will classify and
interactively color Landsat data.

ILLIAC IV = A parallel processing computer capable of very fast process-
ing speeds. This system is not interactive.

interactive processing - The method of data processing in which the op-
erator views preliminary results and can alter the instructions

to the computer to achive opntimum results.

infrared - The nfrared regvon of the electromagnetic spectrum that n-
cludes wavelengths from 0.7 m to 1 mm,

Landsat - An unmanned earth-orbiting NASA satellite that transmits
multispectral images n the 0.4 to 1.1..m region to earth receiv-
stations (formerly called ERTS).

1ine printer map - A digital computer printout. This can represent gray
level, raw or categorized data.

MSS - multispectral scanner system of Landsat that acquires images at
four wavelength bands in the visible and reflected IR reqions.

25k
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management units - Arbitrarily selected subsections of the Hoopa Valley
Indran Reservation that correspond with existing cut-block
compartments. This facilitated summaries of acres and hectares
per area.

i
non-systematic errors - Variations 1n spacecraft attitude, velocity and
altitude.

packing - The process of taking spectrally similar data from geograpﬁ-
ically divergent training areas and merging them into one cate-
gory.

picture element - In a digitized image this is the area on the ground
represented by each digital value.

pixel ~ A contraction of picture element.

pool and merge - The process of putting spectral classes together or
deleting to create a final statistic file.

radiometric striping - The striped effect in the 1mage caused by an
abnormal increase in the brightness of every sixth scan line.

raw data - Landsat spectral data that has not been classified or
enhanced.

separab1lity matrix - A table of separability statistics indicating the
statistical separation of defined spectral categories in spec-

tral space.

Signature - A characteristic, or combination of characteristics, by
which a material 6r an object may be identified on an image or
photograph.

space craft attitude - The angular orientation with respect to a geogra-
phic reference system.

spectral reflectance - The reflectance of electromagnetic energy at

specified wavelength intervals.

supervised classification - A technique that uses independent information

to define training data that are used for classification.

’
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systematic errors - Geometric distortions which are constant and can be

predicted in advance.

training fields - Areas on the ground that are similar in composition
that are used to train the computer.

unsupervised classification - A discriminatory procedure that uses only
the statistical properties of the image data as a basis for

classification.

*  Compiled by Kenneth E. Mayer and Lawrence Fox III with extensive
reference to Remote Sensing Principles and Interpretation, Sabins,
1978.
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ABSTRACT

Landsat digital data, with supporting U-2 aerial photographs and
ground truth sampling, was used to map forest land condition and
vegetation cover on the Hoopa Valley Indian Reservation. The Land-
sat digital data was analyzed using the EDITOR software package,
which was accessed through a portable computer terminal at Humboldt
State University. EDITOR consists of a series of interactive pro-
cedures and multispectral classification algorithms based on Multi-
variate Discriminate Analysis. |

Guided clustering was used to develop training statistics and to
evaluate initial classification results. Final statistics were
generated and used to classify the Landsat scene. The classification
provided an inventory of the area within the Jand condition categories
defined. A pseudo-color map was produced and tabular summaries were
developed for each category, by forest management unit. The classi-
fication accuracy was evaluated by using a pixel grid on U-2 photo-
graphy. Classification errors of omission and commission were cal-
gu]ated using a binomial approximation within a cluster sampling
esign.

The following major conclusions were reached:

1)

4)

Landsat MSS data can be processed, using guided clustering
techniques, to accurately map (81% to 97% accuracy) land condi-
tion and vegetation cover categories (e.g., conifer, mixed and
hardwoods) and percent crown closure of brush (seven categories
from € 104 to »80% CC) in regions of rugged, mountainous terrain.

A successful classification requires reliable and adequate ground
information, an interactive computer system with clustering capa-
biTitres and adequate time to allow for retraining to increase
classification accuracy.

Guided clustering techniques are essential for developing training
statistics containing the maximum number of spectral classes.

A successful classification can be accomplished using a remote
computer terminal accessed by phone to a central computer.
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5) The vegetation complex of the Hoopa Indian Reservation was
described as follows:

Conifer Forest . . . . . . . . . 18%

Mixed Forest . . . . . . . . . . 36%
Hardwood Forest . . . . . . . . 2%
Brush - 80% Crown Closure . . . 8%
"o~ g0% " * . .« . B%
1] - 50% 11 i e . 7%
H] - 40% n 1n . 5%
"“oo- 304 " * A § 4
“oo- 204 " " v .. 7%
*oo- 10% " " ... 6%
Water . . v v @ ¢ o v 2 o v o o 3%
Snow . . . . . . P |

TOTAL 100%

6} The crown closure land condition categories comprise approximately
40 percent of the Hoopa Indian Reservation. The sparse brush or
crown closure categories ( 10% to 30% CC) cover 14 percent and the
heavy crown closure (40% to 80% CC) categories cover approximately
26 percent.

i
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INTRODUCTION

It is clear that there are diverse and several types of reporting
that go with accomplishing something and then trying to describe
what was done. Probably this section should be called "Acknowledge~
ments" - but it is my way of introducing the whole business.

This report represents a synthesis of the final technical report
written by Kenneth E. Mayer and Lawrence Fox III. However, I,
Donna Hankins, am solely responsible for the contents and accuracy
of the Executive Review where it differs from the original. These
two gentlemen (with the many faceted cooperative efforts of Gary
Ranke®, U.S. Fish & Wildlife Service; Mr. Joe Webster, Associate
Director of the NASA Grant to HSU; and numerous persons of NASA,
Ames Research Center, principally Dr. Dale Lumb, Mrs. Sue Norman
and Mr. Dave Peterson) performed the awesome share of the technical
and field work and prepared the report from which a great deal of
the present "Summary" is drawn.

They are all to be highly commended. The report is complete, the job
itself is done, and without many cooperators and helpers, such as the
Geography and Topographic Divisions of the U.S. Geological Survey
(Mr. William Newland and Mr. Leonard Gaydos, in particular), the task
simply could not have been accompiished.

But this report also represents a personal effort to place the sterling
work done into 1ts proper, fitting, chronology and perspective - that
of a major technology transfer effort begun some time before the

actual "project” and which wiil not be finished within the 1ifetimes

of many who have worked on 1t.

The "thanks" for this effort go directly to the citizens of the Northern
California Interim Task Force who had courage and energy to reach out,
Jjust as NASA's national outreach effort was beginning, to grasp a
technology and make it begin to work for them. Thanks, too, must go

to NASA's planners-in-chief for the Regional Applications Program which
made the project possible.

Finally, appreciation must be given to the person who truly heiped make
it all happen - Mr. Ben Padrick, of NASA Ames Research Center. His
role has heen to be the "starter" for the engine of technology transfer
in Northern California, and to him go my deepest thanks for his energy,
enthusiasm and support during the difficult and formative period of
this effort.

Hopefully, the Executive Summary will be readable as well as technically
correct. For this, I heartily thank my colleague, Kamila Plesmid,

and her considerable translative and grammatical skills, along with
strong editing policies. For technicalities I must again thank, with
affection, Ken Mayer and Larry Fox.

iif
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THE PROBLEM - THE FISHERY DECLINE IN NORTHWESTERN CALIFORNIA

Populations of saimon and steelhead in the coastal rivers of north-
western California have declined dramatically in recent decades.
Northern rivers which once supported commercial harvests in excess

of one milTion pounds annually, now contribute wuch Tess to the catch.
Chinook salmon runs of the north coast dropped from an annual aver-
age of 255,000 during 1940-49 to 91,000 during 1960-69, a 64% 1oss;
coho salmon runs have fallen from 147,000 to 57,000 or a 61% Toss:
and steelhead from 290,000 to 100,000, a 65% Toss. Despite these
count figures, very limited data exists regarding the status of
anadromous populations, relationships between the populations and
their environment and contributions of populations from various river
systems. (Rankel, 1977.)

The Trinity River, principal tributary to the Klamath River, flows
approximately 180 miles across northern California to its junction
with the Klamath River at Weitchpec from which it proceeds 42 miles
in a northerly direction to its junction with the Pacific Ocean at
Requa, The Klamath River within California has a drainage area of
7,870 square miles and is the Targest watershed in northern Califor-
nia. The Trinity River Basin comprises 2,965 square miles of which
the upper 720 square miles has been rendered inaccessible to anadro-
mous fish runs since 1963 with the completion of Lewiston Dam, con-
structed as part of the Trinmity River Division of the Central Valley
Project. Located 111 river wmiles upstream from the mouth of the
Trinity River, the dam has Ted to annual exports of Trinity River
water to the Sacramento Valley amounting to reductions in average
annual flows past the dam site of approximately 88 percent and reduc-
tions in peak flows from over 70,000 c.f.s. to 250 c.f.s., except
during infrequent spill periods. The post-project water release re-
gime has resulted in water temperature modifications, sediment build-
ups and riparian vegetation encroachment in the river below the dam
Teading to further reductions of useable habitat.

The Klamath-Trinity River System has historically supported large runs
of salmon and steelhead which 1n turn have sustained important inland
sport and Indian subsistence fisheries and contributed to offshore sport
and commercial catches. As a result of the Trinity River Division
Project, man's activities (logging, road building, fishing, etc.) and
natural processes (geologic instability, high rainfall and floods

such as the 1964 occurrence), anadromous fish runs in the system have
declined drastically in recent years as reflected by reduced angler

and Indian harvests and diminished returns to the Trinity River Fish
Hatchery.

The Tower 16 miles of the Trinity River and Tower 42 miles of the Klamath
River flow through Indian Tands of the Hoopa and Yurok tribes. Genera-
tions of Indians have utilized fishing grounds 1n the rivers, and their
fishery for salmon and steelhead has historically provided the mainstay
of Indian economy in the area. Perpetuation of this valuable resource

-2-
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is of vital concern to the Indian community and the tribes recognize

that all competing resource~user groups must work together to prevent
further deterioration of the runs.

The California Department of Fish and Game (CFG) in conjunction with

the Trinity River Task Force {TRTF) has undertaken a program to identify
and correct salmon and steelhead problems in the Trinity-Klamath River
Basin. To be complete, such an effort had to take into account the 58
miles of river flowing through Indian land (over one-third of the total
river miles involved) and approximately 250 miles of associated tribu-
tary streams located on the Hoopa and Klamath Reservations, many of
which support spawning runs.

The U.S. Fish and Wildlife Service (FWS) had gained previous experience
with problems of the Trinity River Basin through its ongoing fishery
management assistance program on the Hoopa Indian Reservation and
through participation in the TRTF. Adoption of the data collection plan
with FWS doing the work would Tlead fo a greater degree of involvement in
ongoing basin-wide programs and through coordination with BIA, CFG,

TRTF and other interested agencies and groups as part of the basin-wide
approach.

FWS involvement was initiated through establishment of a Fisheries
Assistance Office wn Eureka, California in January, 1977. The office
was initially set up at the Cooperative Fishery Unit, Humboldt State
University and Gary L. Rankel, Biologist-in-Charge, U. S. Fish and
Wildlife Service was stationed there on a permanent basis. (The office
has subsequently moved to Jacoby Building, Suite S, 791 Eighth Street,
Arcata, CA. 95521.) The office 1s administered by the Fisheries Assist-
ance 0ffice, Renc, Nevada., A field office was also established on the
Hoopa Valley Indian Reservation.

Terms and Acronyms:

c.f.s. - cubic feet/second
TRTF - a federally funded multi-agency group (12 agencies - state, federal

and Tocal) formed in 1973 to take interim action and prepare long-
term plans for rehabilitation of the Trinity River Basin.
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WHEN THE PROBLEM BECAME AN OPPORTUNITY

An acute and long term awareness of the complex and overlapping re-
quirvements in the areas of forestry, water and land use led a group
of Humboldt County citizens to form an ad hoc task force in 1975 %o
address the inherent problems in each discipline. As a result of the
training and background of certain task force members, combined with
increased national attention focused on the important role of NASA
technology and Remote Sensing in similar problem areas in the states
of Washington, Oregon and Idaho, the task force had centered its
interests on bringing applications of space technology and remote
sensing information to those problems.

Mr. Gary Rankel, of the U.S. Fish and WildTife Service, was invited
to present the FWS problem he was working with on the Hoopa Reserva-
tion to the Northern California Interim Task Force.

SimiTar problems affect and involve nearly all elements of the northern
California community at large; i.e., cities and towns, the counties
themselves, and include the total Tiving natural environment of forests,
rivers, mountains, coastal lands and oceanic shelf.

The natural environment, so vital to the overall social and cultural
patterns of the region, influences and affects small city populations,
Tabor and employment patterns of the large private and public timber-
Tands, the extensive Native American population of northern California
and their large tribal Tand holdings, along with a1l other sectors of
the human environment of the region. Thus, there is a demonstrated
need for development of the best possible resource and human plans

for this region, known for its natural beauty and splendid environment
but burdened with one of the highest unemployment rates in the nation.

These diverse factors were prevalent in the northern California com-
munity for many years, and developing in those same years was the
science of remote sensing. The National Aeronautics and Space Admin-
istration (NASA) had Tong since done research and development of all
background and technology necessary for space travel and to get humans
on the moon. Recently, a dynamic change in key activities on the part
of NASA took place. As of early 1977, the mandate was to initiate and
develop regionally oriented remote sensing applications and training
programs out of three Tead centers--Goddard Space Flight Center at
Greenbelt, Maryland; Earth Resources Laboratory at S1idell, Louisiana;
and Ames Research Center at Moffett Field (Bay Area), California. Each
of these centers was directed to work with State and local communities--
helping them solve various resource problems as they, the communities,
saw them, but ut1Tizing the technology of remote sensiny as a new
information gathering device and as a powerful analytic tool. Coopera-
tive, cost-sharing projects were to be developed on a selected basis,
as a way to demonstrate the utility of remote sensing data for such
probiems. These regional efforts were named the Regional Applications
Programs (RAP). The one 1n the West, of course, hecame WRAP.

-4-
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Given the goals and objectives of the new NASA directives, and the
perceived goals and objectives of the citizens task force of north-
western California, a need for deveiopment of a model for technoiogy
transfer to regions and communities was jointly conceived by the
northern California task force and representatives of the NASA team

at Ames Research Center. As initial work on the "model" was undertaken
by the task force, it became imminently apparent that a need existed
for a special facility and philosophical environment in which to actually
do the work. The Center for Community Development, an arm of Humboldt
State University, was chosen as the ideal setting for the essential,
broad-based, small community interaction with NASA, an agency dealing
in very high technology.

In such an interaction, a bridge to be established would be between the
technology and the peoplie who could and would use 1t. The Center for
Community Development, with its unique access to the expertise, facilities,
students and staff of Humboldt State University, yet solidly Tinked to
the numerous pressing community problems of the quarter million citizens
Tiving in 1ts six-county 20,000 square mile service area, provided a
logical local site with the 1nternal philosophy necessary to the success-
ful accomplishment of such a diverse project. During its nine-year
history, the Center's personnel and directorate had demonstrated the
ability of the facility to act as a community catalyst in well over 100
separate community oriented projects and programs.

As one step in the "Building a Model for Technology Transfer in North-
western California" project, Humboldt State University's Center for
Community Development, in cooperation with the National Aeronautics and
Space Admnistration, held a Conference on April 6, 7, and 8, 1977,

1n Eureka, to address the above complex issues and begin applied research
on a "model" for technolegy transfer. The Conference, titled, Exploring
the Use of Aerospace Technology in Solving Some Resource Based Problems
1n Northwestern California, provided a general forum of discussion to
facilitate free interaction between participants. concerning information
about remote sensing, as an information gathering tool, and application
techniques of the technology in several disciplines.

Gary Rankel, along with a panel of six other agency and tribal representa-
tives, presented his project. Each of these panelists discussed a dif-
ferent specific resource problem, and stated that they were attending

the conference to examine the potential for using remotely sensed data

as a part of the solutions.

Action Plans were developed at the Conference, April 6, 7 and 8, 1977,
and are tabulated in order of priority as expressed by the Conferees.

1. To establish a Tocal training and education program to encourage
users assistance, and the transfer of remote sensing knowledge to
Tocal communities. L )

Involved in the above is the development of a "Core Group" to
a. gather remote sensing materials and develop a remote sensing
service;

-5
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b. educate users as to what is available, how to obtain, and how
they can use remote sensing materials; and,

c. to establish an unincorporated/nonprofit northcoast remote
sensing resource center to provide the following services or

facilities,
1. Tlibrary
2. training
3. browse file
4, problem recognition for public boards and county

agencies, and industry technical transfer.

II. To develop, study, and analyse the moral, ethical, equity questions
and guidelines for the application of remote sensing materials with
(a) clear and definite limits to policing and regulatory applications,
and {(b) requiring economic analysis to approach the sophistication
of the hardware (cost effectiveness and established guidelines).
Analysis should also consider the appropriateness of discontinuing
remote sensing programs and, instead, funding local conservation/
restoration programs for action NOW.

ITI. To select a small area with the Jargest number of users and disci-
plines and to (a) maximize data base at minimum cost, and (b) develop
a test site for overlap studies.

IV. Establish a task force to develop projects for northern California,
using this conference information and based on legislation and com-
monality of informational needs.

V. Link the President's Science Advisory Committee to existing local
extension agent, and to establish a State remote sensing center to:

inventory local resources,

establish a catalog of remote sensing data,

promote training courses and programs,

pubTish a newsletter or trade magazine, and

provide local availability of data.

D a0 o
P

A1l of the items developed have seen action and forward motion. Descrip-
tion of such activities can be found 1n Building and Developing an Insti-
tutional Mechanism for Technology Transfer Using Northern California as

a 1est Site - A Final Report - NSG 2244. The exception is the #III 71tem
above, Wselecting a small area with the largest number of users and disci-
plines, maximizing data base at a minimum cost, and developing a test

s1te for overlap studies! The report which follows, A Watershed Condition
Inventory of the Hoopa Valley Indian Reservation Using Landsat Digital Data,
represents the completion of that action item.

For 1nformation on how to obtain the above two reports, please contact
NASA Remote Sensing and Technology Transfer Project, Humboldt State
University, Arcata, California 95521. 707-826-3112.
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THE DEMONSTRATION PROJECT

FolTlowing the April 1977 conference, a grant was made to Humboldt
State University, the Center for Community Development, as a way to
facilitate training, technical projects and other technology transfer
activities in northern California. Several discussions took place
between the U.S. Fish and Wild1ife Service, represented by Mr. Gary
Rankel of Eureka; the National Aeronautics and Space Administration,
represented by Mrs., Susan Norman, California Western Regional Applica-
tions Program (WRAP) coordinator, of NASA, Ames Research Center; and
the Humboldt State University Remote Sensing and Technology Transfer
(RSTTP) grant staff, represented by Ms. Donna Hankins, principal in-
vestigator, and Dr. Lawrence Fox, III, technical advisor.

The 1nitial probliem was to determne portions of the Hoopa Square
study where direct application of Landsat technology would be suitable.

By Fall of 1977, letters of understanding were exchanged between the
U.S. Fish and Wildlife Service and NASA Ames Research Center outlining
conditions, tasks, responsibilities and administrative guidelines for
all those involved, including HSU grant personnel.

The RSTTP provided overall administrative and coordinating functions
between the three agencies. Humboldt State University, through its
Center for Community Development, provided office facilities for the
RSTTP for the duration of the project. RSTTP was funded by the ARC-
Western Regional Applications Program (WRAP), with a substantial por-
tion of those funds set aside to complete this project.

NASA ARC provided:

Technical coordination/consultation for all phases of the
project

Technical facilities and personnel for training of USFWS
and HSU participants

Computer facilities and analysis support materials

Qutput product generation.

t

U.S. Fish and Wildl1fe Service provided:

- Biological technician support (130 day position)

- Access to ground data in conjunction with the Bureau of
Indian Affairs and Hoopa Indian Tribal Council, Hoopa,
California

- Consultation and coordination of activities in collection
of ground data and other supplementary materials.

The next ten weeks were spent in intensive training and orientation
to both remote sensing technology and the field area for project
participants.

-7-
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Searches were made for existing USGS Quadrangle Maps in 7% minute
format; existing U2 and other photography over the study area; and
Landsat data tapes of a seasonal time that would best show differen-
tiation of various vegetation and bare soil classes.

During this period, it was decided that a computer terminal at
Humboldt State University (grant offices at Center for Community
Development) connected by a WATS telephone Tine to the main computer
system at NASA Ames Research Center, would serve to accomplish most
computer training and the actual project work itself which needed
computer processing. By early 1978, a solid, technical operating |
plan had been developed, equipment was in place, responsible personnel
designated, and the project itself was ready to begin.

The Study Area - Land, People and Fisheries

The Klamath River watershed is a heavily forested area containing

targe stands of virgin Eimber, and draining approximately 15,600

square miles (25,100 km=) in Oregon and California. The majority of
the drainage in California lies within the boundaries of the Six Rivers,
Klamath, Shasta and Trinity National Forests. The Tower 42 miles (67
km) of the Klamath River and Tower 16 miles (26 km) of the Trinity
River 1ie within the confines of the Hoopa Valley Indian Reservation.

The Kiamath River flows westward from Iron Gate Dam, joins with the
Shasta and Scott Rivers and then turns southward and unites with the
SaTmon River. After joining with the Trinity River, its largest
tributary at Weitchpec, the Klamath River changes course and fiows
in a northwestward direction before emptying into the Pacific Ocean
near Requa, California.

Throughout most of its course the Klamath River and its major tribu-
taries, the Trinity, Shasta, Scott and Salmon Rivers flow in steep
V-cut valleys, between steep mountainous ridges. This feature, along
with numerous riffles and "nickpoints" (small waterfalls), is indica-
tive of rapid downcutting of the rivers through the underlying rock
units.

In the study area, major rock units from east to west are the Galice,
South Fork Mountain Schist and the Franciscan. (Bulletin 190 - Cali-
fornia Division of Mines and Geology, 1964.) The units are complex-
1y faulted and fractured and due to this feature, contribute large
amounts of clay rich sediment to the river system.

The Trinity River drains 2,970 square miles (4,778 km2) while the
Shasta, Scott, and Salmon Rivers each have drainage are«s cemprising
approximately 800 square miles (1,287 km). Precipitation averages
40 inches (101 cm) annually throughout much of the basin and can
exceed 90 inches (229 cm) per year along the coast. Precipitation
gradually decreases inland to approximately six inches (15.2 cm)
annually in the eastern portion of the basin.

-8
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The Hoopa Valley Indian Reservation comprises approximately 144,000
acres (58,299 ha) in Humboldt and Del Norte Counties, California.
That portion of the reservation referred to as "The Square" (Fig. 1)
comprises 90,000 acres (36,437 ha) and is generally mountainous and
rugged, ranging in elevation from 320 feet (97.5 m) to over 5,000
feet (1,524 m). Steep mountainous terrain comprises approximately
97 percent of "The Square" while the remaining area, the Hoopa
Valley, is a low alluvial plain, which borders the Trinity River.

Climatic conditions 1n this area vary appreciably with rainfall aver-
aging approximately 49 inches (124 cm) per year in the higher moun-
tains near Weitchpec. Snowfall is negligible adjacent to the Trinity
River but is substantial at higher elevations. Temperatures vary from
mean January and July values of 54 F (12.2 C) and 70 F (21.1 C),
respectively, with extreme variations to 16 F (~8.8 C) and 102 F

(38.9 C). Soils fall within the broad vegetational class referred

to as the Douglas Fir-White Oak prairie type. The timber covered
terrain provides desirable habitat for blacktail deer, bear, quail,
grouse and many fur bearing animals. The economic base of "The Square"
is cenfered around the timber industry with large stands of Douglas
fir providing the principal resource.

The two tribes which reside on the Hoopa Valley Indian Reservation
include the Hupa Indians of "The Square" and the Yurok Indians who
occupy tand along the Tower 42-mile (67.5 km) stretch of the Klamath
River, frequently referred to as "The Strip." The original Hoopa
Valley Reservation (that portion referred to as "The Square" created
in 1864, was enlarged in 1891 to include a tract of land one mile in
width on either side of the Klamath River extending from "The Square"
to the Pacific Ocean. This extension incorporated the old Klamath
River Reservationh or "Lower 20" section created in 1855, into the
Hoopa Valley Indian Reservation. Most of the "Lower 10" has since
passed into non-Indian ownership, resulting in controversies concern-
ing Indian ownership and rights within the Klamath River section of
the reservation. Despite the large private holdings, the U. S. Supreme
Court in 1973 held that the "Lower 20" portion was still considered
"Indian Country.”

+

Land-conditions and environmental factors along "The Strip" are
similar to the Hoopa Square. The Klamath River 1s characterized by
steep canyon walls with sTopes in excess of 100 percent. Vegetational
communities are similar to "The Square" with the exception of Redwoods
which are found near the mouth of the Klamath River. Both "The Strip"
and "The Square" contain many tributary streams which provide consider-
able anadromous fish habitat.

Tribal members of "The Square" have formed a government baséd on an
official tribal roll, which has exercised a broad range of jurisdiction
over Indian affairs, including fishing. A gill netting ordinance
adopted by the tribe in 1976 prohibits the placement of any gill net
which extends beyond two-thirds of the distance across the Trinity
River, the placement of any net in front of the mouth of any tributary
stream and the taking of fish for commercial purposes. Gill nets must
also be Tifted and removed from the river on a daily basis.

-9-
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Unltke the Hupas, the Yurok people have had no officially-recognized
tribal government, tribal roll or means of jurisdiction. Their lack
of authority to control or regulate individual tribal fishermen has
resulted in the current controversy surrounding Indian fishing rights
on the Klamath River. An Ad Hoc Fishing Committee, comprised of Yurok
Indians was formed in 1975 to advise the Yurok people concerning fish-
ing rights. This committee disbanded in 1977 because of widespread
tribal non-support. Attempts are underway by a number of Yurok
leaders to form an interim tribal government on the reservation.

The Klamath River basin has historically supported large runs of

salmon and steelhead trout, which have contributed considerably to
sport and commercial fisheries in California and have provided the
mainstay of Indian economy in the area. Heavily utilized trade routes
from the interior to the sea, resulted in a 1ively commerce in dried
fish and shells. Much of the ritual and labor of the Indian people

was related to the capture and care of salmon and steelhead. The fall
chinook salmon run was most important because low river flows and
considerable numbers of Targe fish provided optimum fishing conditions.
The flesh of this fish was ideal for smoke curing and storing for
winter use. Indians historically constructed fish weirs of logs, poles
and brush across the rivers and speared or netted upstream migrants.
Weirs remained in place until late fall high flows washed them away.

In recent decades, weirs have been replaced by more efficient gill nets
which have raised a variety of jurisdictional questions regarding Indian
fishing rights.

Biologists with the U.S. Forest Service estimated an annual net economic
value of salmon and steelhead fisheries attributable to the Klamath
River watershed, exclusive of the Tranity River drainage, of $21.5
milTion. This value 1ncludes sport and commercial fisheries but does
not take into account the Indian subsistence fisheries. Average annual
values per mile of chinook salmon, coho salmon and steelhead trout
habitat within the Kiamath National Forest were also estimated at
$25,000, $2,300 and $4,500 respectively (Kesner, 1977).

Evght anadromous fishes spend portions of their 11fe cycles in the
Klamath River System: chinook or king salmon. coho or silver salmon,
steelhead trout, coastal cutthroat trout, brown trout, green sturgeon,
American shad, and Pacific lamprey. Small runs of white sturgeon may
also occur in the basin (Moyle, 1976). Resident species include
native rainbow trout, brown trout, eastern brook trout, and several
species of non-game and warm water game fishes. Notable marine
visitors include the starry flounder, surf smelt, and redtail surf-
perch (Rankel, 1978). A review of 1ife history information for
respective species along with a summary of temporal run-size trends
appears n Rankel (1978).

Landsat Overview

In any reporting of work accomplished, it is important to set out
clearly the steps involved, the materiails and methods involved, a
reasonable chronology of their use, as well as the results obtained.
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In this particular project, these elements assume an even greater
importance since the technology itself will be judged as to how well
it worked in accomplishing the desired objectives, as well as the
overall results.

As a result of the intensive planming efforts described earlier,
a combination of remote sensing technical tools and conventional
data were selected - principally, Landsat digital data, U2 high
altitude infrared photography, USGS 7%' maps and ground verification.

The data to be extracted would be pertinent information on certain
resource types (conifers, mixed forest and hardwoods); how they are
distributed, in what percentages and where Tocated relatiye to tribu-
taries of the Klamath and Trinity Rivers.

The objective, above all, was to make no judgments regarding how or
why the landscape arrived at its present condition, but to contribute
a comprehensive and vital planning base from which interpretations
could be made by all involved.

The Landsat data is directly recorded in a digital format on magnetic
tape, greatly facilitating the application of computer processing pro-
grams.

After a review of the vegetation communities, desired tland condition
classes and ground truthing time frame, an April 12, 1977 Landsat

scene was selected for analysis. A computer compatible tape was
acquired from Earth Resources Observation Systems (EROS) Data Center. )
Radiometric anomalies, including bad data Tines and points, radiometric
striping and atmospheric scattering were not corrected or normalized
before processing. These errors were not significant for the data

tape used in this project.

Once preprocessing had been completed, a window was selected from the
Landsat scene. The window selected to cover this area was approximately
1,000 pixels (acres) on a side, 1,000,000 bytes of information in each
of the four channels.

The U2 Overview

The following U2 information is adapted from "High Altitude Perspective,"
prepared by the Airborne Missions and Applications Divisions of NASA Ames
Research Center in 1977.

The U-2 is a single-place aircraft designed and built by the Lockheed
Aircraft Corporation for high-altitude, Jong-range operation. The U-2
is characterized by its long wing span and tandem landing gear located
under the fuselage. Auxiliary gear, called pogos, are located outboard
on the underside of each wing; they are jettisoned on takeoff.

-12-
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The NASA U-2 aircraft, based at Ames Research Center, routinely fly
from Ames and Wallops Island, Virginia. Other staging locations are
possible, however; for example, data fl1ights have been flown from
Hawaii, Alaska, Texas, Maine, South Dakota, and Panama.

The high-altitude, long-duration capability of the U-2 makes it

uniquely suitable for upper atmospheric or space-oriented research

as well as for wide ranging electronic and photographic Farth obser- -
vations. Since the beginning of NASA's Earth resources survey program

at Ames Research Center 1n September 1971, each of the U-2's has averaged
over 100 flights per year and together they have accumulated over 4000
flight hours.

The U-2 has been used extensively to collect underflight (or "ground
truth") data to support Landsat investigations in forestry, water man-
agement, coastal zone processes, rangeland management, and land use.
Multistage sampling techniques to aid in interpreting satellite data
have been developed through the use of U-2 imagery.

The NASA U-2's routinely carry a wide variety of sensors. Included are
aerial mapping cameras, electronic sensors and scanners, and both in situ
and remote atmospheric sampling devices.

See Figure 2, Camera Configurations, page 14 , and Figure 3, Camera Ground
Coverage, page 15.

U-2 photography coverage was obtained over the study area on May 8,
1978, using the RC10 6 inch focal length iens together with the HR732

24 1nch focal length lens, using infrared f1im. This provided suitable,
up to date coverage for the purpose of validating the satellite data.

Prpocessing the Data

* The Landsat digital data was analyzed using interactive procedures and
multispectral classification schemes. The purpose of digital image
processing is to group pixels spectrally into a number of meaningful
categories that can be correlated to natural resource features.

A special computer software package called EDITOR was used exclusively
to carry out these functions.

EDITOR is a three-fold system for interactive image processing, file
management, and ILLIAC IV high speed central computer interfacing.
Interactive tmage processing allows for the manipulation and display
of Landsat digital data by the analyst at a local Tevel using a
portable computer terminal.

~13-
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FILM GROUND NOMINAL
DESIGNATION LENS FORMAT In COVERAGE RESOLUTION
' @ 65,000 ft @ 65,000 ft
g
VINTEN (FOUR}) 1-3/4mn FL 21/4x% M x4 n mi B-20m
F28 2-3/% (EACH)
12S MULTISPECTRAL 100 mm EL OxQ x9N mi 6—10m
(FOUR BANDS) K-22 F2.8 (4 @35)
RCA0 é6In.F4 Ox9 16 %1% n. mi J—8m
RC-0 Z2m,F4a 9x9 8x8n mi 15—4m
HR-732 24in,F8 ox18 4% 8n mi 06—3m
HR-738-1 36, Fl10 18 x18 53x53n mu, 05—-2m
{TEK PANORAMIC 24in F35 45x50 2x37n mi 03-2m
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FIGURE 3 CAMERA GROUND
COVERAGE

66n my permn

w oy

24 INCH
LENS

ITEK OPTICAL BAR™~
PANORAMIC CAMERA -

12 INCH LENS

bt &
o
g At ay 4o, mi
;*"HE Ch e

* a«'&u'f"

PR
AN N
.

Yy faaoas S
S

P ML 4

St R P, P

AT

bl
Lo THLS
L SEp . BT Y

a4
- '-5./4/

= Dt o
’-l -
PR -
LR S

.

‘,k

‘t:.“-

.
..
L
g at
E o

s
ey

N
z35
-

<9 3
- ‘xj:-
ok

2 W
£

.
Ry S

i

R
Py X i
ko

Ho

' 1544 IMAGE OVERLAP

LT T "

>
1t

3
3 u""; (o

- 15 -
278




The first step taken in processing the Landsat scene was an ILLIAC IV
unsuperyised classification. Thig process assures that all possible
spectral ‘information can be extracted, An arbitrary number of spectral
classes (20) was chosen and submitted to the ILLIAC IV for unsuper-
vised classification. The camputer assigned alphanumeric symbols to
the spectral classes that it selected and a T1ine printer map was pro-
duced. The 1ine printer map, at approximately 1:24,000 scale, was
useful in determining the geographical Tocation of spectral classes.

A two channel map was developed using channels 2 (red), and 4 (infra-
red). The spectral means of each class were plotted in their respec-
tive channels. At this point, it was possible to begin making 1n-
ferences as to which resource types the classes represented. U-2
photography was used to assign reliable resource labels to the computer
assigned classes. See Figure 4.

In order to assure accurate location of resource features on the
Landsat scene, a calibration file was produced. Unigue pixels or
control points on the 1ine printer map and their corresponding loca-
tion on 7% minute guadrangle maps were recorded and analyzed using
Teast squares regression techniques. Row/column and Tatitude/Tongitude
of the control points were entered into the computer and were edited.
Control point editing is the process by which mis-located points are
eliminated to achieve accuracy of within one pixel (80 m) of the true
Tocation. The calibration Tile standardized the Landsat scene to United
States Geological Survey (USGS) quadrangle maps. This insures accurate
Tocation of resource features as well as training areas.

The next step was to produce a supervised classification of the study
area.

Supervised classification with guided clustering uses independent
information to define statistics that establish classification
categories. Areas were selected that were spectrally alike (homogeneous)
for each resource type. The process of guided clustering enables the
analyst to account for spectral differences (heterogeneity} within a
training field. A vegetation cover type may be homogeneous in terms

of resource category definition, but may contain several spectral
signatures.

Approximately 100 training fields were selected and recorded on USGS
7'5' quadrangle maps and labeled according to resource category. The °
training fields were digitized, labeled and stored in the computer for
post classification processing. Each quadrangle map became a digitiza-
tion segment. The segments, as well as the 1rregular polygon training
fields within them, were stored in computer memory. Ground truth for
each field was recorded and each segment was grouped or "packed" into
files containing 1ike ground truth information. Each pack file was
labeled as to resource type or category represented.

~16-



Figure 4 - Unsupervised Line Printer Map
and Conventional Map Comparison
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A section of unsupervised line printer map
showing a bend on the Trinity River in the
Hoopa Valley. This distinctive feature
helped to distinguish the alphanumeric
symbols assigned by the computer to, t2
water and water-land interface along“the..
river (A and 4). Once this bend and:iits
symbols were identified, it was then ‘pos-
sible to begin making infegences as to
which resource categories some of the
nearby classes represented.

.

A section of a map showing the same
bend on the Trinity River. A few cut
block sections, roads and drainage
creeks can be seen at top and lower

: left, while a mill pond and urban

‘ . features of the Hoopa Valley are at

AP

left center.
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NUMBER OF POINTS IN EACH CLUSTER:
205 247 182 166
(1) (2) (3) (&)

CLUSTERING CILASSIFICATION
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Figure 6., Computer generated line printer map and separability
matrix depicting individual classes and their approx-
imate location on the ground. This is used in ident-

ifing resource categories and the separability of
each spectral class.
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Figure 7. Plotter representation of the Klamath Extension
and Hoopa Square.
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Figure 8, Plotter represention of the eight management units,
Hoopa Square.
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Field Data Collection Techniques

Field data or ground truth was collected for each land condition
category. The study area was divided into sub-sections in order to
expedite the field data coilection process. These sub-sections had
@een previously delineated by the B.I.A. at Hoopa and were outlined
n comprehensive Togging maps. These were then used to direct the
collection of ground truth data,

Aerial photographs of the area were examined to determine the types
of Tand condition categories present (Figure 9). These categories
were then aggregated together and a representative sampie was chosen
for field inspection.

Each field plot visited was inspected for plant species composition,
soil condition, erosion potential, aspect and slope. Furthermore,
each field plot was visually inspected and an occular estimation of
the percent crown closure was made.

These field plots became training fields for the classification and
were used to standardize the airphoto interpretation when used for
further ground truth collecting. Approximately 80% of the ground
truth information was collected from airphotos. This provided for
guick and consistent data collection that could be easily verified
or duplvycated.

Evaluation

The lLandsat classified scene (April, 1977) was evaluated using U-2
color infrared photography (May, 1978). A nine by eighteen inch
format transparency (1:32,500) of the Hoopa Valley and adjoining
forest Tand was enlarged and printed to match the 1:24,000 scale of
the Tine printer map.

The evaluation site was selected to be representative of the study
area and contained all of the major cover categories defined in the
classification. The site was also adjacent to a unique meander In
the Trinity River which facilitated accurate pixel location.

A black Tine grid was produced on clear mylar to allow an accurate fit
to the Tine printer map. Each grid square represented the size of a
pixel at the scale of the Tine printer map. The grid was placed on

the classification and prominent geographical features (e.g., the
Trinity River) were identified and labeled. The grid was then placed
on the photograph and rotated until a local fit was established,
matching geographical features. Pin marks were placed on both products
to assure registration.

-23-
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The mylar grid was divided into a series of nine by nine inch pixel
sampiing clusters, eliwminating those which had pixels occurring out-
side of the photograph, Clusters were selected at random and
sampled without replacement. The mylar grid was tocally fit to the
photograph to allow for relief displacement errors, Photo-interpre-
tation was used to evaluate each pixel as to its true land cover
category and if the Landsat classification was correct. A pixel
count per class sampled was also recorded to insure adequate sample
size. Errors of omission and commission were calculated and point
estimations of the mean probability of correct classification were
determined.

The classification was aggregated as to Landsat class using the NASA
IBM 360 computer. The "Hoopa Square" was aggregated separately from
the "Klamath Strip". "The Square" was also divided into the manage-
ment units and summary statistics were produced. The aggregation
statistics were accessed through the EDITOR software. Summaries of
the number of acres, hectares, and pixels occurring within each class
were calculated per area.

Results of the Work

Land condition categories were identified by percent crown closure.
Crown closure was defined as the proportion of ground covered by
perennial plants.

Erosion in 100% -~ 40% areas seemed to be low. However, each site has
the potential for extreme mass wastage, as erosion is site specific

in th1s region. It was found that erosion increased as the percent
crown closure decreased. The 30% category was a prime example of this
as evidence of surface erosion was present.

Categories 20% and ¢10% exhibited the highest potential for erosion.
The 20% crown closure category was relatively unstable even though
covered partially by vegetation. The bare so1l category, € 10% crown
ciosure, was very unstable with 1ittle or no ground cover. This condi-
tion was usually a result of recent logging or land slides from various
causes.

See Table 1 which follows.
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Table 1 ~ Resource Category Descriptions

Primarily Douglas Fir
Some Conifer/Hardwood/Brush
Tan Oak, Madrone, Black 0Oak,

White Qak, Big Leaf Maple

Predominantly Ceanothus,

Predominantly Ceanothus,

3

Predominantly Ceanothus,
successively increasing

Predominantly Ceanothus,
scattered small perennials

Little residual vegetation,
visible surface erosion

Little residual vegetation,
visible instability, slides
Little to no residual
Ocean, river, tributaries,

Mountain tops - Not in

Valley floor - not part of

Map Spectral
Category Color Class Description
100% ¢¢‘®  park  H, 2
Conifer Green
Mixed Green 3,C.Jd,
KoL
Hardwoods Light M
Green
80% CC Brown A
Tittie bare so011
60% CC Tan F,B,0
1ittle bare soil
50% Peach 9
bare soil
40% Ye}’low 49D
E.G
30% Pink H
20% Light 7.8
Red
10% Red I
vegetation
Water Blue N
Tagoons, ponds
Snow White 5.6
study area
Hoopa Grey
Valley study

5 o

(a) Crown Closure

(b) Site specific erosion

- sea discussion above.
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Erpsion (b)

Potential

Low
Low
Low
Low
Low-Med

Low-Med

Mid-point
Medium
Med-High
Med-High
High
N/A

N/A

N/A
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75,82 CONCENTRATION ELLIPSES FOR BANDS 6 AND S
HOOPA SQUARE 29 CLASSES

103, 8

64,7 -

6.9 -

BAND 5

33 3 4

16.7

1.7 333 L= 66,7 a3.3 100.0

BAND 6

Figure 10. Plotter graph of the final 24 spectral classes in
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Color coded final map products were developed by first extending and
then color coding information developed on the training sites, to the
entire area within the digitized boundaries. These photo-map products
were designed to best assist the FWS in making regional observations
and planning for the next phases of their overall study. They are to
be used in close connection with all resource category descriptions and
tabular area summaries. -

Figure 11 is a pictorial representation of the Hoopa Square and Kiamath
Extension. The white lines are the political boundaries of the study

area that were stratified into the scene. Ground truth and classification
evaluations were completed only within those 1ines. Signature extension
was used to classify the remaining area for which no field work had been
completed, and consequently was not evaluated.

Figure 12 is an enlargement of the Hoopa Square. Again, the white Tines
represent the boundaries of "The Square" as well as the management units.
The color scheme for both products is identical.

At this scale it is possible to examine the forest cover in detail.
Timber management maps are available through the B.I.A. at Hoopa and
can be used to correlate land use with the Landsat categories.

A mylar overlay of cut block patterns in "The Square" at the same scale
as a large photographic blow-up was prepared to illustrate this point,
and delivered to the FWS. An example of how this can be used is to study
the cut blocks, as mapped by the B.I.A. They depict a year by year
record of the cuts and are coded by year. Visual examination of various
bare soil resource categories on the color coded map beneath can quite
rapidly identify the areas on the watershed which belong in the categories.

Pixels, acres, and hectares per class per area were calculated.

The "Hoopa Square" was divided into eight arbitrary management units

and area summaries were developed. The Klamath Extension was calculated
separately. The Hoopa Valley was not 1ncluded in the summaries because
of the 1nterest in forest condition and not urban development. Thus,
the valley floor was separated from the study area and not included

in the classification. Through the use of guided clustering and the
pooling of supervised and unsupervised statistics, a high accuracy

was attained, averaging 92% overall. The study area was relatively
small, allowing for more intensive field work and higher accuracy.

See Table 2 which follows.
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Table 2

Area Egtimation of Landsat Categories per ement unit, Hoopa Square,
Klamath Bxtension. Manag ' pa Square

Klamath
Fields 1 2 3 4 5 6 7 8 Total Extension

1646 2780 4227 2171 302 1100 1659 2910 16795 6080 PY
Comifer 1844 3iih 4734 2432 338 1232 1858 3259 18811 6810 AD

o6 1260 1916 98k 137 439 752 1319 7613 2756 H°
1188 5144 L4639 3194 2752 54501 3231 430t 28950 16577
Mixed 1331 5761 5196 3577 3082 5041 361 17 32424 18566
338 2332 2103 1448 1247 2000 14 1949 13121 7514
Hardwood 1 555 189 111 113 132 1 260 1670 1230
ardweods 125 622 212 124 127 128 132 291 1871 1378
61 252 86 50 51 &0 79 118 757 558
d 2ks 1712  B98 1073 Ti9 932 780 B6? 7226 3051
>80% CC 27F 1917 1006 1202 805 10 87k 97 809 3417
Brush 111 776 ko7 486 326 422 35 393 329 1383
227 713 326 N3 292 483 B35 505 369‘* b7k
60% CC 2 799 365 351 327 sS4l 935 566 138 4675
Brush 135; 323 148 132 132 219 378 229 1674 1892
1 518 783 450 B2 649 690 487 4118 L2oh
50% cC 133 580 877 504 28 727 773 545 5612 4809
Brush 72 235 355 204 173 294 313 22t 1867 1946
161 652 535 290 296 226 723 5BB 71 2511
ho% CC 180 730 599 325 332 253 810 659 3888 2812
Brush 73 296 242 131 13% 102 328 267 1573 1138
45 100 58 27 4 5 92 59 427 497
30% CC 50 112 65 30 46 6 103 66 478 557
Brush 20 L5 26 iz 19 2 42 27 193 225
422 690 1029 613 106 199 557 B17 4433 4031
20% CC k73 773 1152 687 119 223 62k 915 4936 k515
Brush 191 313 466 278 L8 g0 252 370 2008 1827
210 482 998 547 141 471 516 523 gaaa 2657
<10% CC 235 580 1118 61 158 528 578 586 356 096
Brush 95 218 452 24 6 213 234 237 1761 1658
10 47 32 24 28 5 16 10 172 k12
Water 11 53 36 27 A 6 18 11 133 3821
5 21 is 11 i3 2 7 5 9 1547
0 2 114 5 0 7 1 .0 129 30
Snow 0 2 128 6 0 8 1 0 1#3 34
o 1 52 2 0 3 0 0 5 14

448 13395 13828 8818 5172 8710 9275 11327 74973 Lol
Total 4981 15003 15488 9878 5793 9757 10389 12686 83675 55490
2015 6072 6268 3996 2344 3946 L4203 5135 33979 22458

2p = Pixels °H = Hectares
bA = Acres dCC = Crown Closure

Mean probab111ty of correct classification errors of omission and comissfon are 91 6% and 1 4%
respectively.
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Figure 13
PERCENTAGE OF LAMD AREA IN RESOURCE CATEGORIES
HOOPA SQUARE AND KLAMATH EXTENSION
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Granh Prepared by Nr, Lawrence Fox III



Analysis of percentage figure - Hoopa Square.

1,
2.
3.
4

»

Mixed Category: most prevalent »39% 32,424 acres
Large stands of conifer existing in "The Square" 22% 18,811 acres
Brush, or "iand-condition" categories 28% 23,418 acres
Bare soil, or high erosion potential 11% 9,322 acres

(10 & 20% CC Classes) 3

Analysis of percentage figure - Klamath Extension.

-F:-EAN:—-

Mixed Category: post prevalent 33% 18,566 acres
Conifer stands 12,3% 6,810 acres
Brush, or land-condition categories 38.7% 21,236 acres
Bare soil, or high erosion potential 16% 8,878 acres

(10, 20 & 30% classes)

Cost of the Project

There are certain general observations and cautions that must be made
when looking at the costs involved in a demonstration project. Where

a certain amount of research must be done to it even a clearly proven
and known technology to a particular user need. Demonstration projects
usually do not compare favorably with more tried and true, operational
techniques. The thing to remember is that a great many (if not all)
present-day "operational" methods of doing any business have replaced
st111 older operational methods which became outdated.

Additionally, when considering the costs for this demonstration project,
we must consider the following relevant facts:

--5 major output products were actually created with several copies.

--4 persons were trained in use of the technology.

-~after initial planning and training was done, the actual Time
for extending the classification scheme to the whole study area
ranged from instantaneous to 20 seconds.

-~this project for this area is repeatable and updateable in sub~
sequent Landsat scenes. The same methods and techniques are now
documented and can either utilize the same statistics or very
quickly and efficiently get new ones. The training fields are
digitized and stored away. They can be re-used.

-~The same data tape has been used to create a wildlife habitat
(vegetation mosaic) map, all included in the cost.

~-The same data tape and U2 photography could be used by many
agencies in the same region, by altering the classification
scheme

--The U2 flight data provided approximately 80% of field checking
and has provided complete aerial photography coverage of a region
that lacked recent photography. Along with utilization in this
project, it has to date been utilized by over 100 different
agencies, organizations and individuals to assist various mapping
projects. Primary among the other agencies use has been Land Use
and Land Cover Mapping by the California Department of Water
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Resources, and finalization, by the U.S. Geological Survey,
of various 7% minute topographic quadrangle sheets needed in
northern California.

--The combination of using U2 and Landsat data has, in this
project, significantly reduced labor and travel costs customarily
incurred in such areas. This combination has significantly
contributed to a highly accurate, acre by acre, assessment of
the requived Tand cover conditions on the Hoopa Reservation.

This is not a gross inventory, but a very much more detailed
set of information, than has ever been avaiiable.

Cost Evaluation Notes - Refer to Table 3. This cost evaluation is
based simply on two major functions: actual Landsat digital image
processing, and training.

There are three major areas that we could successfully "track":
(1) salaries
(2) travel
(3) computer access.

Total salaries for all agencies involved were as follows:

FWS - $ 3,600.00

NASA (Arc) - 15,000.00

HSU-Grant Staff -  16,774.00 (NASA Grant NSG 2244)
HSU-Grad Program - 3,600.00 (McIntire Stennis funds)

Total $38,974.00

Total travel for all agencies was:

FUS - $ 300.00

NASA (Arc) - 700.00

HSU-Grant Staff - 2,500.00 (NASA Grant NSG 2244)
HSU-Grad Program - 1,600.00 {McIntire-Stennis funds)

Total $ 5,100.00

Computer Access is based on {1) 2 hours and 21 minutes of NASA Central
Processing Units (CPU's) at $360.00/hour. This was what was used for
the training and analysis in two projects. NASA funds § 800.00.
And (2) phone hook-up between HSU and
NASA (Arc). NSG 2244

funds _2,134.00

$2,934.00

Total Project Costs - $47,008.00
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Table 3 - Cost Analysis

COST
TOTAL TSIWS HSU
SOURCE OF FUND. PROGRAM PROJECT McINTTRE-STENNIS
NASA $16,500.00 $ 8,250.00 $ 8,250.00
HSU/NSG~2244 21,4%08.00 10,704 .00 10,704 .00
HSU/McINFIRE-S' ENNIS 5,200.00 -0- 5,200.00
US FISH & WILD IFE SER. 3,900.00 3,900.00 O
POTALS #47,008.00 $22,854.00 $2k, 154,00
COST PER ACRE:
{a) 139,500 HOOPA SQUARE,
KLAMATH STRIP .163 .163 ~e(ee
(b) 83,975 HOOLA SQUARE .287 =-0= .287
TOTAL COST PEL ACRE 50 163 .287

In conclusion, this project has demonstrated that many of the more conven-
tional, present day techniques can be cost effectively enhanced by remote
sensing technology. If, for example, the same sort of technigue could be
used in classifying the whole scene (some 6 million acres) with a 90% +
accuracy 1n classification as developed in the present project (using a
process called signature extension), the costs would be reduced to less
than .01¢/acre. This whole concept then points up the notion that the
more area (and therefore agencies and entities) 1nvolved, the lower the
costs and the higher the utilization rate.

It also seems reasohable to assume that once past the "settling-in" stage,
and when more truly operational procedures with remote sensing technology
are 1n use by agencies and entities, that costs would naturally be reduced.
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SUMMARY

Landsat digital data was analyzed using EDITOR software to map
Tand condition and vegetative cover on the Hoopa Valley Indian
Reservation in Northern California. Guided clustering was em-
ployed to jdentify the maximum number of spectral classes within
thé study area.

Land condition was mapped according to percent crown closure of
brush {e.g. <10% to»80%) which was correlated to erosion poten-
tial. Vegetational communities were aggregated together and
1dentified as either conifer, mixed (conifer, hardwood and brush)
or hardwood.

Evaluation of the classification was completed using binomial
approximation within a cluster sampling design. The overall

mean probabiTity »f correct classification for omission and
comnission was 0.)16 and 0.914 respectively.
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5-

G. The crown closure land condition categories comprise approximately
4 percenl of the Hoopa Valley Ind
brush or crown closure categories

CONCLUSIONS

i

Iandsat MSS data can be processed, using guided clustering tech-
niques, to accurately map land condition and vegetation cover in
regions of rugged mountainous terrain.

A successful classification requires reliable and adequate ground
information, an interactive computer system with clustering capa-
balities and adequate time to allow for re-training to increase

classification accuracy.

Guided clustering technigues are essential for developing train-
ing statistics containing the meximum number of spectral classes.

A successful classification can be accomplished using a remote
computer terminal accessed by phone to a central computer.

The vegetation complex of the Hoopa Indian Reservation was de-

scraibed as follows:

Conifer FOrest seeescssacscessses 188

Mixed Forest caervcvsscsnsrasecnces 36%

Hardwood FOrest eeeceeccescescces 28
Brush —>80% CC vevevesereanccees OF
Brush - 60% CC sieessecsancnseses OF
Brush - 50% CC vrevenvososanasvnns 70
Brush - 30% CC .ccaoaa ceccsasacas B
Brush = 30% CC verevevaveccananes 1%
Brush — 20% CC cevevecssvonsnnese 7%
Brush - €10% CC esecrcrenvsenaeas O
Water sesveceevenceas eecsassnesana 3%
SNOW cassssssnasssncsansssscscnes 1%
TOTAL seecvonnncances weereesesns 100%
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

RECOMMENDATIONS FOR FUTURE WORK

Any remote sensing project will benefit greatly by the following:

{a) Having an in-house person, trained in remote sensing
techniques who already has the required discipline
background, or

(b) Knowledge of how to find, and deal knowledgeably with,
contractors who have remote sensing expertise.

(¢} Begin with a small test area to get a good idea of
what is involived, then move towards the Targer task.

(d) Consider many options. Know who to turn to for various,
independent options.

An evaluation and challenge of the "repeatability" capabilities
of the Landsat System should be made; specifically, redo this
same project in 2-5 years to detect changes in the identical
categories within the Hoopa Indian Reservation.

Some of these techniques should be employed by the Trinity River
Task Force agencies in their overall design of the 20-year man-
agement plan for the basin management.

A careful economic assessment of a $21 million dollar fishery re-
source versus a management information tool that, in large regional
assessments, can cost as low as .01 per acre.

A careful assessment should be made to determine relationships,
if any, between the land condition categories, the growth rate
and the cutting rate on the Hoopa Indian Reservation.

Further assessment should be made to determine the relationships,
if any, between land-condition categories, existing mmminent
geologic hazards and current timber management regimes, in order
to prepare future management (stocking, replant and harvest)
plans for the Reservation.

Further assessment should be made of the direct relationship
between the "bare-soil® &10% CC - 30% CC) land-condition cate-
gories and the tributaries which need to be cleared of obstruc-
tions or are contributing significant amounts of sediment to
important spawning tributaries on the Hoopa Indian Reservation.
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GLOSSARY
algorithm - A mathematical formula used to calculate a statistic
used to place pixels in various categories.

anadromous fish - Several species of fish that Tive their Tife at
sea and return to fresh water to reproduce.

atmospheric scattering - Light scattered by the atmosphere which
causes, a near-equal increase in brightness for all pixels,
usually greater in Band 4.

bad data lines - Scan 1ines containing no data.

band - A wavelength interval in the electromagnetic spectrum. Landsat
bands are numbered 4, 5, 6, 7., Often computer analysts number
them as channels 1, 2, 3, 4.

bit - In digital computer terminology, this is a binary digit that is
an exponent of the base of 2.

byte - A group of eight bits of digital data.

calibration file - A collection of points common to a map base and the
Landsat image used to 'fit' the Landsat data to the map.

categorized data - Raw data that has been placed 1nto a category.

channels - Wavelength intervals of light energy received by a remote
sensing system. See band.

classes - Categories that spectral responses are placed into.
classification - The process of assigning .individual pixels of a multi-

spectral image to categories, generally on the basis of spectral-
reflectance characteristics.

clustering - The process of mathematically assigning similar spectral
signatures to classes or categories.

contro] points - Geographical locations that the Landsat image 1s
corrected or aligned to.

C.R.7. - Cathode ray tube.

dicomed - A pseudo-color photographic reproduction of classified
Landsat data.

digitization - The process of converting an image recorded originally
on photographic material into a numerical format.
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EDITOR sofiware - An interactive computer program that analyses
Landsat digital data using guided clustering procedures,

FucTidian minimum distance - A statistical decision rule used by the
cluster analysis routine to assign pixels to various categories.

Gaussian maximum 1ikelihood classifier - A statistical decision rule
used in conjunction with known training sites to assign pixels
to various categories.

ground truth - Data that is collected in the field, on-the-ground
inspection.

IDIMS - Hardware developed by ESL Corporation that will classify and
interactively color Landsat data.

ILLIAC IV - A parallel processing computer capable of very fast process-
ing speeds. This system is not interactive.

interactive processing - The method of data processing in which the
operator views preliminary resulis and can alter the in-
structions to the computer to achieve optimum results.

infrared - The infrared region of the electromagnetic spectrum that
includes wavelengths from 0.7 m to 1 mm.

Landsat - An unmanned earth-orbiting NASA satellite that transmits
multispectral images in the 0.4 to 1.1 m region to earth
recerv-stations (formerly called ERTS).

line printer map - A digital computer printout. This can represent
gray level, raw or categorized data.

MSS - multispectral scanner system of Landsat that acquires images
at four wavelength bands in the visible and reflected IR regions.

management units - Arbitrarily selected subsections of the Hoopa
Valiey Indian Reservation that correspond with existing
cut-block compartments. This facilitated summaries of acres
and hectares per area. .

non-systematic errors - Variations in spacecraft attitude, velocity and
altitude.

packing ~ The process of taking spectrally similar data from geograph-
1cally divergent training areas and merging them into one
category.

picture element - In a digitized image this is the area on the ground
represented by each digital value.

pixel - A contraction of picture element.

~40-
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pool_and merge - The process of putting spectral classes together or
deleting to create a final statistic file.

radiometric striping - The striped effect in the image caused by an
abnormal increase in the brightness of every sixth scan line.

raw data - Landsat spectral data that has not been classified or
enhanced.

separability matrix - A table of separability statistics indicating
the statistical separation of defined spectral categories in
spectral space.

Signature ~ A characteristic, or combination of characteristics, by
which a material or an object may be identified on an image
or photograph.

space craft attitude - The angular orientation with respect to a
geographic reference system.

spectral reflectance - The reflectance of electromagnetic energy at
specified wavelength intervals.

supervised classification - A technique that uses independent informa-
tion to define training data that are used for classification.

systematic errors - Geometric distortions which are constant and can
be predicted in advance.

training fields - Areas on the ground that are similar in composition
that are used to train the computer.

unsupervised classification - A discriminatory procedure that uses
only the statistical properties of the image data as a basis
for classification.

* Compiled by Kenneth E. Mayer and Lawrence Fox IIT with extensive
reference to Remote Sensing Principles and Interpretation, Sabins,
1978.
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EDITOR'S NOTE

This summary was m:de from a rough draft of Jeffrey A. Soto's graduate
thesis in Forestry. Humboldt State University, Arcata, California.

The thesis work war a result of the activities of NASA Grant 2244 at
Humboldt State University and, therefore, needed to be included 1n the
grant's Final Report. With Mr. Soto's permission, I have shortened
the thesis considet ably so that only the main points appear in this
report.

[l
)

The summary cohtains a brief statement of why and how the research was
conducted, includes the final products that were generated from the
Landsat digital data, and presents the conclusions that J. A. Soto came
to as a result of bis work, The summary also contains a detailed descrip~-
t1on of how change detection was accomplished, using two Landsat scenes
of the same area, 4 years apart.

This summary, however, does not contain tabular data that accompanies
each of the final map products nor does it contain graphic material
and tables that will be included in the Methods and Materials section
of the completed thesis. There may also be some discrepancies between
my interpretation of the text and what the author actually intended.
Any such problems will obviously be set to right 1n the final graduate
thesis.
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INTRODUCTION

In January, 1977, the National Aeronautics and Space Administration (NASA)
1mtiated a nationwide technology transfer program: the Regional Applica-
tions Program (RAP)}. This new program was designed to ensure maximum re-
gional access to the technology of remote sensing. Three regional centers
including one at NASA Ames Research Center, Moffett Field, California, were
selected to set up various mechanisms to solve the problem of transferring
remote sensing technology to local and state entities.

In June, 1977, NASA awarded a substantial grant to Humboldt State University
through the Humboldt State University Foundation to "Develop and Demonstrate
an Institutional Mechanism for Transferring Remote Sensing Technology to 14
Western States, using Northern California as a test site.”

As part of that grant effort, a Landsat Demonstration Project was initiated
with the U.S. Fish and Wildlife Service. The project was designed to 1nven-
tory watershed conditions on the Hoopa Valley Indian Reservation and the
Klamath River Extension as one method of analyzina the decline of anadromous
fish populations 1n that area. This inventory emphasized barren or other
erodable land associated with timber harvest operations, erosion rates, and
in-stream habitat.

Because the potential existed for a more thorough use of the Landsat data,
Dr. Lawrence Fox, an instructor in remote sensing and forestry at Humboldt
State Universtity and technical coordinator for the U.S. Fish and Wildlife
project, proposed that a graduate research project 1n forestry accompany
the Fish and Wildiife Service proposal. This research would be confined
to the "Hoopa Square" portion of the Hoopa Valley Indian Reservation and
would complement the inventory efforts of the Fish and Wildlife Service.

Spec1fically, the research work would be in three phases. Phase I was to
develop a general land cover classification for the reservation. In this
first classification, the ecosystem would be mapped in terms of plant com-
mun1ties and group states of plant succession. This plant succession would
be based on species composition, character or indicator species, and vege-
tation structure or physiognomy. Phase II was to map the early successional
stages of vegetation in terms of browsing quality for the Columbian black-
tailed deer population on and near the Hoopa Valley Indian Reservation.

And Phase III was to detect changes in the vegetation cover using digital
data from two Landsat scenes, one August 28, 1973, and the other April 12,
1977. The Apri1 12th Landsat scene was the data used for the U.S. Fish and
Wild11fe inventory.
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This graduate research was funded, in part, by the McIntire Stennis Forestry
Foundation in Washington, D.C., with matching funds provided by the Department
of Forestry, Humboldt State University. Training in computer processing of
Landsat digital data and other technical support was furnished by the NASA
Remote Sensing and Technology Transfer Project at Humboldt State University,
1n conjunction with the Western Regional Applications Program at NASA Ames
Research Center, Moffett Field, California. This training for graduate
student, Jeffrey Soto, took place at the same time as training was conducted
for Kenneth Mayer, the U.S. Fish and Wildlife employee. Both men were alsc
given technical support from the U.S. Geological Survey's Geography Program
at NASA Ames Research Center.
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STUDY AREA

Location

The Hoopa Indian Reservation, commonly referred to as the Hoopa Square, was
founded on April 8, 1864, and officially established by President Grant's
Executive Order on June 23, 1876. The Hoopa Indian Reservation approximates

a square 12 by 12 miles in size and 15 located in northeastern Humboldt County,
California. The geographic coordinates are as follows:

northwest corner - 41°04.49*N, 123° 48.79'W
southwest corner - 40059.47°N, 123C 44,96'W
southeast corner - 41°902.92'N, 1230 32.13'W
northeast corner - 41912_.50'N, 123° 35.51'Y,

This geographic Tocation Ties within Path 49 and Row 31 scene of Landsat data.
On an 1mage of this data, the study area is easily identified by the Targe
bend in the Trinity River which is surrounded by pasture land in the Hoopa
Valley. The Trinity River runs through the center of the Hoopa Valley Indian
Reservation on its way to meeting the Klamath River at the northern boundary
of the reservation.

Background for Phase II - Deer Habitat Study

The Hoopa Indians have always hunted deer of either sex, and continue to do
so today. The hunting privileges are limited to the Reservation land, where
California hunting and fishing regulations do not apply. Hunting is restricted
to tribal members only, but there is no season and no 1imit. Due to tribal
customs, does are rarely killed between February and June. Migrating deer
that move into the Reservation are harvested by the Hoopas. This hunting
removal of migrating deer affects deer population 1n a considerable area
outside of the Reservation (mostly to the east). The removal of deer of
either sex produces desirable results within the Hoopa Square as follows:
(1) a sustained harvest of deer each year; (2) no record of deer starvation
or disease 1n the herd, (3) no known winter range problems; and (4) Tittle
or no problem of deer browsing seedling trees in regrowth areas.

This unique situation existing on the study area stimulated the research
which Ted to the eventual wildlife habitat classification. The critical
factor influencing deer population on the Reservation is food. It 1s
assumed that the other factors, water and cover, are readily available
to the Cotumbian Black-tailed deer. The cover s continually enhanced
by Togging practices that create edge effect while the Hoopa Square is

rippied with rivers, streams, and natural springs which provide water all
year for wildlife.
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Management Units

The Hoopa Indian Reservation was divided into nine management units ranging
in size from 3,321 acres to 15,487 acres. (Figure 1.) In general, the inner
boundaries of the units correspond to either ridge lines or stream channels.
However, the Hoopa Valley Management Unit system was developed to correlate
to the rural residential area on the Reservation. These management units
directly relate to existing cutting block units used by the Bureau of Indian
Affairs foresters. The advantage of developing the management units is that
summary tables can be generated not only for the entire study area, but also
for chosen subdivisions of the area.

Figure 1
MANAGEMENT UNITS OF THE HOOPA VALLEY RESERVATION

LEGEND
Al  Hopkins Creek
A2 Bull Creek

A3 Hostler Creek
A4  Tish Tang Creek
AS Hoopa Valley
A6 Bald Hill

A7 Sodlish Creek
A8 Supply Creek
A% Pine Creek




Step 2. Computer System

The computer system empioyed was the Interactive Digital Image Manipulation
System (IDIMS), developed by ESL, Inc. The system is comprised of several
1nteractive terminals with video display and a COMTAL CRT which is capable
of displaying false color composite images, gray scales, and pseudo colored
gray levels.

Step 3. Creation of Images

The classified 1mages of the August 28, 1973 Landsat scene and the April 12,
1977 scene were placed on the video screen of the IDIMS imaqge processing
system. A control point was found on each image. The coordinates of the
control points were found in each 1mage reference system and the offset was
determined. The images were then shifted by the offset amount so the control
points overlayed. The alignment of the overlayed images was excellent. Two
matching windows (subsets) were clipped from the 1977 and 1973 raw data
1mages using the coordinates obtained. The two images created were 250 x
250 pixels in size. When overlaying the two fimages, it was assumed that
each image was correctly rotated to north and geometrically corrected.

This assumption may not hold for very large areas where pixel by pixel
matchyps may be impossible.

The creation of the combined 1973 and 1977 data set was accomplished by
combining the two images into one fouyr-band 1mage as follows:

combined channel 1  (Band 5, 1973)
combined channe! 2 (Band 7, 1973)
combined channel 3  (Band 5, 1977)
combined channel 4  (Band 7, 1977)

Using unsupervised clustering analysis, all of the pixeils within the com-
bined window were grouped into 35 classes.

Step 4. Normalization

A normalization process was performed on the clusters to remove atmospheric
effects and censor inconsistencies between the two dates. Normalization of
the raw data was based on the means of the clustered data. It was noticed
that the spectral counts of the 1973 data were consistently highear than
those of 1977 data, possibly due to atmospheric effects. A ratio was set
up, such that the means in 1977 were ratioed to means in 1973 (1.e., means
1973 divided by means 1977) for each class in both bands. The average
ratio was calculated excluding classes that obviously showed radical change.

Once the average ratio was calculated, the 1973 means were multiplied by
that constant value to make them comparable to the 1977 means. Then, by
plotting the means and comparing both dates, changes 1n land cover were
depicted graphically to assist in the interpretation of the computer
clustering.
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Step 5. Data Display

Once the classes that changed were recognized, the combined image was
again placed on the IDIMS video display. The classes that had been
detected as changing were colored material colors. ATl other non-
changing classes were colored in 20 shades of gray. For example, conifer
pixels were assigned to the Towest gray scale values or darkest gray
colors and bare so1] pixels were assigned to the brightest colors. A1l
other non-changing classes were assigned to the appropriate intermediate
values of gray.

Step 6. Data Smooth

To eliminate the "salt and pepper” effect of the final classification, the
data underwent a smoothing process on IDIMS. The "salt and pepper" effect
refers to the fact that single pixels are often classified differently than
surrounding pixels. Due to the extreme sensitivity of the lLandsat Scanner,
an individual pixel may be wisclassified or, in the case of detecting

change, a single pixel may indicate a different spectral class within an
otherwise unchanged area. The smoothing function evaluated each pixel

and the nine pixels surrounding 1t. The computer routine evaluated all

nine pixels involved and classified the center pixel the same as the majority
of surrounding pixels. Upon completing the smoothing process, the final
classification was submitted to the DICOMED operation so that a firal product
could be generated.
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RESULTS AND DISCUSSION

A separate product was developed for each of the three phases of research work.
Each product has a unique classification scheme with associated colors. Phase I
is a general land cover classification; Phase II delineates deer browsing habitat:;
while Phase III relates to vegetation that has undergone a recent (within four
years) spectral change. Each map product represents the final classification of
all spectral information applicable to the Hoopa Square, for the dates analyzed.

It should be noted that Phase II developed out of Phase I. The deer habitat
was determined after the initial Tand cover classification was complieted.

Phase I

The general land cover map for this project was classified similarly to the stand-

ard land use and cover classification developed by the U.S. Geological Survey
{Anderson, et al, 1976). In the general land use classification on the Hoopa

Square, 33 unique spectral classes were grouped into eleven Tand cover types.

Nine of the eleven broad land cover types represent resource types related to

\(Jegetationj The other two types describe the water resource on the reservation.
Figure 2.

A criteria for grouping spectral classes into Jarger resource types was the re-
lationship of species composition and ecological trends to plant succession.
Using this criteria, spectral classes that represented various stages of natural
plant growth could be combined into the same general land cover type.

For example, three distinct spectral classes of Tan oak were obtained in the first
analysis of the data; however, these were not different types of Tan oak, only

Tan oak in different stages of growth. These three classes, then, were all in-
cluded in the more general category of evergreen hardwood, Class 5.

This type of class combination based on natural plant succession was used through-
out the final analysis and classification. What follows are descriptions of each
of the eleven general land cover classes and an indication of where they are
Tocated within the Hoopa Square. For easy location, BIA management units have
been cited and readers should refer to Figure I, page 4.

Class 1 represents pasture land and is color-coded biuish-gray. Approximately
80 per cent of this Tand cover type lies within the Hoopa Valley Management Unit
A5. Some of the pasture land is 1rrigated and sustains cultivated oats and
alfalfa fields. The non-1rrigated pasture 1s a disturbed weed patch. A variety
of grass and forb species also occur naturally in this Tand cover type.

Class 2 1s very similar to the mixed rangeland cover type deccribed by the U.S.
Geological Survey, and 1s color-coded dark brown. It includes natural prairies;
an early stage of regrowth dominated by rose, grass and fern and a naturally
occurring berry, grass and forb cover type. A Targe homogeneous area of this
cover type Ties on the boundary between the Bald Hills and Scotish Creek manage-
ment units, A6 and A7.
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Class 3, colored a red-brown, represents a bare soil land cover type and the
first stage of of vegetation regrowth on cutover areas. This class ranges
from bare ground to a sparse ground cover of grass or young brush sprouts.
The class i1s found mainly in the Hostler Creek unit, A3, where extensive
forest harvest has occurred over the past two years.

Class 4 cover category, colored medium brown, resulted from combining various
stages of vegetative regrowth. This regrowth class describes all levels of
vegetatton on recently harvested land, ranging from a low grass, forbs, and
shrub cover on a two-year-old clearcut to predominately brush cover on a ten-
year-old cut. This class is found over the entire square, especially in the
HostTer Creek and Supply Creek management units where extensive logging has
occurred, A3 and AS8.

The fifth general land cover type 1s Tabeled nondeciduous or evergreen hardwood

and is shown by a gold color. This vegetative type is predominately composed
of Tan oak. Large stands of Tan oak are found in the Bull Creek management
block, A2, ranging from very young pure stands to mature stands where 80 per
cent or more of the canopy is dominated by this evergreen hardwood.

Class 6, deciduous hardwood, is colored a light yellow. This cover type is
found uniformly throughout the study area at elevations less than 1500 feet.
The two dominant trees are black oak and white oak. There are also madrone,
big leaf maple, and an occasional Douglas fir or Incense fir in this class.

Class 7 is designated as a mixed conifer type and is colored bright green.
The type ranges from 40% hardwood/60% conifer to 60% hardwood/40% conifer.
in all the hardwood/conifer mixtures, the major conifer component is Douglas
fir while the hardwoods are Tan oak and big leaf maple with some madrone.

Class 8 is another mixed conifer cover type; however, the ratio of conifer to
hardwood 1s 70% to 30%. This class is colored medium green. In this class the
conifers are generally taller with larger DBH measurements than the true mixed
category so that the class is better labeled as a dominant conifer cover type.
The same species of hardwoods exist in this class as in Class 7 although the
total canopy cover is less. Both Class 7 and 8 are common to the management
untts east of the Trinity River, Al, A2, A3, A4, probably due to the higher
elevations of the mountains in that area.

Class 9 is labeled as a pure conifer type, and 1s colored olive green. These
pure Douglas fir stands are quite dense, with trees varying in height from 30
to 60 feet. Little Tight penetrates through the canopy, thus Tittle or no
understory vegetation exists. The majority of pixels in this land cover type
Tre within the Pine Creek management unit, A9. They are scattered over this
area in relatively small homogeneous pockets, ranging from 3 to 15 pixel areas.

The two remaining classes represent water on the reservation. Snow 1s desig-
nated by a dark gray color and is found primarily in the south corner of the
HostTer Creek management unit, A3. Water 1s colored blue and delineates the
course of the Trinity River through the Reservation. In most 1nstances, tri-
butaries flowing into the Trinity were not distinguishable on the Landsat data.

-9~
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Key - Figure 2
LAND COVER CLASSIFICATION

J. Soto - HSU Project

INFORMATION CLASS

1. Pasture land

2. Mixed Rangeland

3. Bare Soil

4. Early Succession (Brush)
5. Evergreen Hardwood

6. Deciduous Hardwood

7. Mixed Forest

8. Dominant Conifer

9. Pure-Conifer

10. Snow

11. MWater

-10-

COLOR
Medium Gray
Dark Brown
Red

Medium Brown
Gold

Light Green
Medium Green
Dark Green
Black

Dark Gray
Blue
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Phase IT - Deer Habitat Classification

The Deer Habitat map relates vegetation to browsing potential for the Columbian
Black-tailed deer. This classification resembles the general land cover classi-
fication with respect to the Tate successional vegetation cover. However, the
early plant successional stages are ranked 1n terms of the quality of browsing
habitat for the Tocal deer population. Per cent cover and species composition

of the vegetation were used as an indication of habitat quality. Vegetation
structure--the size and age of palatable browse species--was also used as an
indication of habitat suitability. Consequently, a given habitat may be suitable
for the Black-tailed deer but offer varying degrees of gquality. This classifica-
tion shows seven degrees of wildlife quality on the Hoopa Indian Reservation, and
six classes with 1ittle or no browsing potential.

A1l types of land cover that had Tittie or no browsing potential for the deer
were classi1fied the same as in the general land covermap. These classes are
pure conifer, dominant conifer, mixed conifer, irrigated pasture, water, and
snow. The color scheme for these classes was altered slightly from the general
Tand cover map so that the deer habitat types could be highlighted. The three
dominated classes were color-coded in shades of green, while pasture Tand was
shown medium gray. Water pixels were colored blue, and snow was again shown in
a dark gray color.

The dectiduous hardwood and evergreen hardwood cover types of the general land
cover classification have some potential browsing habitat for deer. The extensive
herb layer of the deciduous forest provides Timited amounts of grass and forbs,
taken by deer in late fall, winter and early spring. Preferred brush species
(i.e., Ceanothus and Baccharis), frequently occur in the canopy openings of the
dec1duous hardwood cover type, while the evergreen hardwood forest provides
another source of food, the acorns from Tan oak trees. Acorns have proved to
be a valuable source of protein for deer during late fall and early winter
months. On the Deer Habitat Classification, the evergreen hardwood forest 1s
color-coded light green and the deciduous forest, generally found on south and
west facing slopes, is color-coded gold.

The early successional stages of vegetation are represented by shades of brown
and red. Regrowth types together with the mixed rangeland type were ranked
according to the quality of deer browse habitat. Preferred brush species,
percentage cover, and vegetation structure including evidence of hedging were
the parameters considered to rank regrowth areas.

The ideal habitat occurs on 4-7-year-old clearcuts, represented by regrowth
category #3, a red color. The following preferred browse species, Ceanothus
intergerrimus and thyrsiflouis, Hoccinum ovatum and parvifoluim, Baccharis
pitularis, and Arctostaphylos sps., comprise the vegetation in this category.
The vegetation associated with this type is growing between 1.0 to 4.5 feet
above the ground and covers 80 to 100 per cent of the total ground area.

-12-
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Key - Figure 3
DEER HABITAT CLASSIFICATION

J. Soto - HSU Project

INFORMATION CLASS COLOR BROWSING POTENTIAL
Regrowth #1 - Early Red-Brown Low
Regrowth #2 - 2-4 Year Cuts Dark Brown Medium
Regrowth #3 - 4-7 Year Cuts Red (Rust) High
Regrowth #4 - Late Light Brown Low
Mixed Rangeland Medium Brown Medium
Evergreen Hardwood Light Green Very Low
Deciduous Hardwood Gold Very Low
Mixed Forest Medium Green Littie or No
Dominant Conifer Dark Green Little or No
Pure Conifer Black LittTe or No
Pasture Land Medium Gray Little or No
Snow Dark Gray Little or No
Water Biue Little or No
-13-
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The other regrowth classes were ranked in the same fashion. Regrowth cate-
gory #2, colored dark brown, represents the second most ideal or medium
browsing habitat potential. This type has less total ground covered by vege-
tation and only some of the preferred brush species are present. It generally
occurs on 2-4-year-old clearcuts,

Regrowth areas ranked as having low potential for browsing habitat are the very
early stages of revegetation on cutover Tand or the Tater stages of regrowth.
Regrowth Class 1, color-coded red-brown, represents early plant successional
stages. It has grass, young brush, and forbs. The later stage of regrowth,
occurring on harvested land over eight years old, was also ranked as having

low browsing potential. This cover type is colored 1ight brown and represents
brush type vegetation too tall to be taken by the black-tailed deer.

The only other early successional stage that was incorporated into the wildlife
habitat classification is the mixed rangeland type. It is colored medium brown
and was ranked as medium browsing potential. The grass forb and berry species
provide sufficient forage required by deer during early spring months.

Phase III - Change Detection Classification

Changes in land cover types were detected by analyzing the multi-date spectral
information from August, 1973 and from Apri11, 1977. By graphically comparing
the mean counts of MSS Bands 5 and 7, changes were discovered when the two
lines, representing reflectance trends, intersected. Out of the 35 unsupervised
classes, eight showed some degree of change over the four-year period.

Classes 20 and 33 represent clear cut areas. Class 33, colored yellow, is
highly correlated with 2 to 4-year-oid clear cuts, while class 20, colored
rust, represents vegetation cover of a less recent clear cut. Light green

is the color representing irrigated pasture land or class 34, and dark green
shows the grass berry vegetation type found only 1n the Hoopa Valley and on
Bull H111. C(Class 15, color-coded 1ight blue, represents either urban areas
or dry gravel Mater, class 2, did not show change; however, it is colored
blue to help reference the other classes on the square. The species composi-
tion and per cent total vegetation cover for these cover types were discussed
in the general land cover section, pages 8 and 9.

The three cover types not previously discussed which showed change over the
four-year period are cover types altered either by mechanical brush raking
techniques or with herbicide appltication.

Brush raking practices on the reservation began in 1972 and most were accom-
plished during the years 1973 to 1977. Removal of brush was done mechanically
with a caterpillar tractor and a brush blade. Brush raking is performed on
cutover areas after high lead logging. It is done when the bare mineral soil
has not been exposed or sufficiently scarified for a conifer seed bed. If the
terrain and so1l permit, brush raking is accomplished, avording rock outcrops
or steep ravines. Class 25, colored violet, represents brush raking on logged
areas.

~15-
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Brush raking practices have also been performed on nonlogged areas. The manage-
ment goal of this practice was to convert hardwood cover types to conifer cover
types. Class 30, color-coded peach, represents vegetation that was brush

raked on nonlogged areas. These nonlogged areas were of the deciduous hardwood
type and were changed to a brushland vegetation complex. The canopy is scattered
with an occasional Black oak or madrone. The shrub layer is predominately
composed of Ceanothus at about 50%, with Arctastaphylas, Corylus, Baccharis,
Rubus, young Black oak, madrone, and a few Douglas fir saplings comprising the
other 50% of vegetation cover. The herb layer supports the species Madia,
Vicia, Aira, Cynosurus, Gilia, Cirsium, Lupinus, Scutellaria, Wyethia, and
Brodiaca. Brush raked vegetation and logged areas include most of the above
species in addition to Cornus and Castenopsis in the shrub layer and Volpia,
Vancouveria, Pteridrum, Fesque, and Bromes in the herb and grass layer.

Class 10, color-coded brown, represents vegetation cover that has been sprayed
with herbicide. The species associated with the canopy are: Salix, Alnus,
Viccinium, Fraxinus, Arbuies, Cornus, Acer, Arctostaphylos, Ceanothus,
Castanopsis, and Rubus, with Lithocarpus densiflora, Arbutes menziesii, and
Pseudotsuga menziesii accounting for 50% of canopy cover. The herb Tayer was
Timited in species composition to bracken fern, poison oak, and a few young
brush types of those already mentioned.

Most of the change detected from the comparison of multi-date spectral data
related to management policies of the Reservation.

-16~-
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Key - Figure 4
CHANGE DETECTION

J. Soto - HSU Project

INFORMATION CLASS (FROM 35 UNSUPERVISED CLASSES)

Class
Class
Class
Class
Class
Class
Class
Class

Class

2
15
33
20
34

30
25
10

Water

Urban or Gravel

Recent Logging (1-4 Years 01d)
Past Logging (sti1l changing)
Pasture

Grass - Berry Type

Brush Raked (Nonlogged)

Brush Raked (Logged)

Sprayed

-17-
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Dark Blue
Light Blue
Yellow J
Rust

Light Green
Dark Green
Peach
Violet
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CONCLUSIONS

The research on the Hoopa Valley Indian Reservation indicates that the
geographical extent of vegetation communities as measured from Landsat
can provide useful information for the land manager as well as the ecol-
og1st. By examining vegetation types in terms of successional trends and
deer habitat browsing potential, a resource mosaic of the Reservation
could be defined.

The most significant results of this research are:

1. The computer can be successfully "trained" teo recoghize both broad land
cover types and specific details indicating deer forage conditions.

2. Good statistical separation of the general land cover types and the deer
habitat types can be achieved even where minimal class separation exists.

3. The use of multi-date imagery provides pertinent information about the
dynamic properties of the ecosystem, both in terms of monitoring plant
succession and in monitoring the effect of land management practices 1n
the environment.

Approximately ninety percent accuracy overall was achieved in the final
classifications. In part, this was due to precise ground data about species
composition, percent cover, and vegetation structures, and to the use of high
altitude U-2 color infrared photography that provided both large area coverage
as well as high ground resolution. The accuracy was further improved by the
use of the advanced computer software, EDITOR, which allows for a thorough
interactive multivarient analysis of the Landsat digital data.

By analyzing the information generated from the three final map products, it
15 possible to determine all potential deer forage habitat on the Hoopa Valley
Indian Reservation. In the General Land Cover map, all regrowth areas impor-
tant to deer browsing and other early successional stages of vegetation were
grouped into two broad categories* Class 3, bare so17, and Class 4, early
successsion {brush). The Deer Habitat map further delineates this information
and ranks these early successional stages in terms of browsing quality poten-
tial for deer found on the Reservation. The Change Detection map further
refines the deer habitat potential information by keying out areas that have
been brush raked on logged and unlogged areas, in addition to recently har-
vested areas. A combination of the change detection product with the deer
habitat map can then pinpoint all areas of high browsing potential for the
Columbian black-tailed deer population.

-19-
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"SUMMARY OF YUROK PHOTO INTERPRETATION CLASS"

by Jeff Soto

At the nitial class meeting on January 24, 1978, I gave a slide presentation
while discussing the basic theory behind photo interpretation and remote
sensing. The 1dea was to show the Yurok people the various levels at which
the earth could be observed from the air and the types of photographic infor-
mation available to them. Although viewing the land from the air was a new
concept, the interest level during the class was high and the material was
enthusiastically received. ) b

L
In the subsequent class meetings I first presented standardjﬁow altitude aerial
photos of an area unfamiliar to the Yuroks, and asked them to identify various
feather-Tike structures - roads, rivers, and the redwoods. Thse photos and
pocket stereoscopes were supplied by Humboldt State University Forestry Depart-
ment. Then the class looked at photos of their reservation land taken in 1974
by the Bureau of Indian Affairs (BIA). For the next four weeks the class learned
basic photo interpretation skills. The elements of photographic interpretation
were discussed, i.e., size, shape, texture and tone, as well as various tech-
niques for extracting information from photos.

Some general points of interest taught were:
1) Methods for orienting a stereo pair beneath the stereoscope,, -
2) methods for systematically searching the area encompassed by a stereo pair,

3) methods for avoiding dupiication or omission in interpretation of area common
to two or more pairs,

4) methods for handling a large number of photos in an orderly manner during the
photo interpretation process, and

5) methods for ground checking.

Also, the idea of convergence of evidence was presented in the process of combining
all pertinent photographic information with non-photographic information (carto-
graphic, ground truth).

In addition, time was spent discussing the attributes of the electromagnetic
energy spectrums and the theory behing reflectance curves.
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At this point, the class was able to work at the primary objective of the
weekly workshops. The plan was to locate the dwellings and roadways on
the photos and transfer this information accurately to a mylar base map.
This base map, supplied by the Northern California Remote Senging Project
showed Tand ownership and was blown up to match the scale of the BIA Tow
altitude photography for easy transposing.

Over the remainder of the class, this objective was successfully accom-
plished and presently the base map of the Klamath extension is being used
by the Yuroks in conjunction with the Census Bureau to help update the
Censuys Information of the Reservation. Along with a .base map, a key was
developed for it, and a tabular 1ist by drainage of all the people living
on the reservation was compiled.
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111. American Indian Demonstration Projects

PHOTO INTERPRETATION CLASS

A six-week photo interpretation class will be presented to a group
of Yurok Indians on the reservation. The class is designed to introduce
remote sensing technoloay to the Indian and beain to train them at basic
photo interpretation skilis. The technical trainina will be provided by
the Husboidt State Remote Sensing and Technology Transfer Project and be
taught by Jeff Soto, a member of the project.

The eventual outcome of the course will be an in-place-map to be used
by the Yurok Indians and the Census Bureau. This map will show the road
systems on the Klamath extension. The Klamath extension is a 45 mile
length of land that runs-one mile either side of the Kiamath River from
Keitchpec to the mouth. The improved map of the road network will ulti-
mately be used by the Census Bureau to conduct a population count.

In addition to teaching photo interpretation skills, the second haif
of the course will focus on the area of remote sensing. The history of
remote sensing as well as potential for current and future app1igations

using remote sensing will be discussed.

ORIGINAL PAGE IS
OF POOR QUALITY
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YUROK INDIANS PHOTO INTERPRETATION CLASS

I.

I1.

III.

v.

VI.

Course Qutline

First week,

A, In?p@ﬁquion to photo interpretation.

B. 31)de ghest ,
C. Py tb*grutation 1ab exercise designed to show stereoscopic
vidwing on

b
to fn
: ow altitude photographs.
Second week.

A. A dotatled discussion on light, reflectance, and cameras and film/
filter combinatfon.

B. A lab exercise which involves photo interpretatfon using size,
shape, tone, and characteristics to identify ofjects.

€. General discussfon of class projects.

Third waek,

A. Work on class project. Update roads on the Klsmath extensfion for
the Census Bureau.

B. Begin to precisely map the roads system on quad maps.

Fourth week. %

A. Introdyction to remote sensing. ]
B. Slide show demonstrating uses of remote sensfng technology.

Fifth weak,
A. Further discussion on remote sensing, i.e. data, types of data

available using high altitude photography and satellite imagery.
B. Guest Yecture from a remote sensing specialist.

Sixth week.
A. Discussfon of potential remote sensing projects involving the
Yurok Indians.

B. Discussion of how Humboldt Remote Sensing Grant and proposed
Yurok projects.
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“PERSONAL EVALUATIOMN OF YUROK AIR PHOTO INTERPRETATION CLASS"

by Jeff Soto

I believe that the photo interpretation class taught out on the Yurok
Reservation was highly successful both in terms of the end product
generated and the basic photo interpretation skills Tearned by members
of the class.

Several Yurok people are now quite competent photo interpreters and

seem genuinely interested in learning more about the Remote Sensing
Technology. The final map product has already proved useful to the
Census Bureau and to the members of the Yurok community. It is my
observation that the map base of the Klamath Extension is constantly
being utilized by the Yurok people and hopefully they will continue

to update the map as more people and as new road systems enter the scene.

June 10, 1978

3L



February 1, 1978

Jeff Soto

c/o Donna Hankins

Director, NASA Remote

Sensing & Technology

Center for Community Dev.
H.S.U., Arcata, CA.

Re: Yurok Classes
Dear Mr. Soto:

I am writing this letter to let you know that I appreciate the time and
effort you are putting into the weekly classes you are giving. After two
sessions, I can see the enthusiastic reactions of the Yurok people taking
them.

Before the first class, many people were skeptical of any value they might
get out of a remote sensing project/training. The first session's slide
show captured their interest. The idea of being able to look at the land
on which they Tive from an entirely different perspective was fascinating.
I believe that at least some of those taking the class will go on to
participate in a project designed to survey the resources of the Klamath
River.

1 hope you will continue giving these courses. Yuroks of all age and
education levels will benefit. Additionally, and other information you
might bring relating to remote sensing and resource evaluation possibilities
for this area in the future will be greatly appreciated.

Sincerely,

/s/ Murray MacNeill
YRIC Coordinator
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Yurok Ressarch
&
Information Center
P.0.Box 366
tioopa, California
95546

June 9, 1978

Lonna Hankins

Center for Community Development
Graves Annex

Humboldt State Univ.

Arcata, CA, 95521

Dear Ms. Hankins,

This letter is to thank your office for your cooperation in
our Extension Map Update Project, Jeff Soto provided invaluable
training in aireal photo interpretation which was a great help in
transfering roads and houses to our map,

The theory which Jeff taught regarding high altitude remote
sensing was a good background for possible future projects. How
ever further training would be benefical espseially with U-2 and
Land Sat. Imagery. As to date, Linda Gillespie, Michael VanGuilder,
and others including myself feel very comfortable with the basie
photo interpretation knowledge, We are very pleased with the
milar blow-up and product aid finder that it has uses other than
showing simply the present day roads and dwellings.

The only real criticism of the class relate the materials.
There is a need for updated low altitude photographs as well as
regent U-2 Imagery. Part of the project, the mapping of the lower
Klamath River, was not fully completed due to a lack of color
photographs,

I hope that you, Jeff and your staff can get together with
us in the near future to celebrate the successful completion of
the course and to discuss possible projects, I'1ll visit you the
next time I'm a1n town. It has been a pleasure working with you.
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APPENDIX VI

Documentation: Results of Statewide Survey of.Remoi_;e §ens1‘ng
Activities in California, "California in Orbit"
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CALIFORNIA IN ORBIT

A SURVEY OF STATE REMOTE SENSING ACTIVITIES

1977-1978

//”—

URBAN oo

WATERSHED
IVLSVYOD

[S—

IN PARTIAL FULFILLMENT OF NASA GRANT 2244
COMPILED BY DONNA B. HANKINS AND KAMILA PLESMID

HUMBOLDT STATE UNIVERSITY ARCATA CA 95521
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PREFACE

This document is a first-of-a-kind attempt to thoroughly survey the
status of remote sensing techmnology tramsfer in California. The
survey was attempted in view of 1ncreasing demands for rasources data
and for "getting the most for the least," while actual use of this
cost-saving technology in California remained a rumor., As typical
with such a survey of fluctuating phenomena, parts of it have already
become dated.

All credit and praise for this report goes to Donna B. Hankins and
Kamila Plesmid of the Center for Community Development, Bumboldt State
University. Any opinions or recommendations in the report are theirs
and do not necessarily reflect the views of the EDC or the Office of
Planning and Research.

The EDC plans to coordinate annual up—~dates of the survey, so do not
hesitate to use the "Notice of Change" form at the back of the report
to notify us of any corrections that should be made.

Sally Bay Cormwell
Environmental Data Center —_—
Governor's Office of Planning and Research
1400 Tenth Street
Sacramento, California 95814

February 1979
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CALIFORNIA IN ORBIT

Infroduction

During late 1976 and early 1977, the National Aeronautics and Space
Administration {(NASA) initiated a nation-wide activity called the Regional
Applications Program (RAP) This new program was designed to ensure
maximum regional access to the technology of Remote Sensing, particularly
within State and local governments and agencies (but not iimited {o them)

The program began to take shape in January, 1977, as NASA decision makers
selected three NASA lead centers within groupings of State/Federal
Regions—one at Goddard Space Flight Center (INTRALAB), Maryland, one at
Earth Resources Laboratory (ERL), Sliddell, Louisiana, and one at NASA Ames
Research Center (WRAP), Moffett Field, California. Each center began to set up
various mechanisms to solve the problem of transferring remote sensing
technology to the key state and local agencies within thetr assigned reglons

The technology transfer program selected by NASA Ames Research Center
(WRAP) highlighted the need for this survey, CALIFORNIA IN ORBIT

It was soon apparent to both NASA (WRAP) and to various State agencies that
California represented a unique technology transfer problem among the 14
western states included in the WRAP region. California, a large and very diverse
state physically, also has extremely diverse methods for gathering and analyzing
environmental data Private industry, State and Federal agencies, Counties and
universities often have their own approaches.

Earlier attempts to incorporate remote sensing into the data gathering systems
of the state had met with heavy problems, both political and technical in nature
Numerous ndividuais who were involved 1n those early efforis still work in
Califormia State Agencies and tend to view new efforts with an understandably
critical eye

On the more positive side, however, California, as a state, seems well on the way
toward accepting aerospace technology as a resource monitoring, assessment
and analysis toal Certainly, the climate in Sacramento has been beneficial

FIRST Califormia elected, a coiorful, sateilite-orniented governor, Jerry Brown,
who selected as his space and science advisor, Rusty Schweikart, an ex-

astronaut

SECOND Certain legisiators in California have received briefings from
individuals, agency and university people within their constituency on the
apphcations possible with remote sensing From these briefings and from
informationat workshops sponsored by the Remote Sensing Task Force of the
National Council of State Legisiatures (NCSL), California legislators have begun
to formulate legislation with this new tool in mind

THIRD Several state and federal agencies within Califormia are using or are
making plans to use remote sensing techniques in their implementation of
various Federal and State legislative acts and laws

and FOURTH California state agency personnel, along with members of other
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agencies, universities and the private sector, have formed a Remote Sensing
Advisory Counctl (RSAC) The key charter of the RSAC, among other elements,
has been to “enhance and promote use of remote sensing in state agencies and
to provide counsel and advice {0 agencies wishing to have information on remote
sensing "’

Paralleling the chimate i1n Sacramento have been the remote sensing activities at
Califormia colleges and universities National leaders in university research and
development and in education in Remote Sensing are located tn California,
primarly within the Umversity of California and private college system As their
programs have grown so have the number of people trained in remote sensing.
Many of these graduates have found permanent positions within California
agencies, Federal agencies located 1in California, and in California industry

Perhaps the single most positive action, though, for the acceptance of the
technology came early in 1977 The Admunistration and the California Legislature
recognized the need for a state “center’” which couid coordinate existing
environmental data (maps, photography etc), catalog and disseminate
information about existing data within state agencies, and coordinate collection,
storage and retrieval of new data, including remotely sensed data This center
would provide a focal point for formerly fragmented and disassociated Remote
Sensing activities

In early 1978, under the auspices of the Office of Planning and Research, the
California Environmental Data Center was created, and Mrs Sally Bay Cornwell,
tormerly director of the NCSL Remote Sensing Task Force, was appointed EDC’s
director

At the same time that Califormia was growing more receptive to some sort of
organized, state-oriented program of remote sensing activities, the director and
staff of the Remote Sensing and Technology Transfer Project at Humboldt Staie
University in Northern Califormia were involved In a project to create a mode/
for technology transfer within the WRAP (14 western states) Region

In the past year and a half, the project has found that introducing a new
{echnology and transferring it 1s very akin to the probiem of introducing a new
product or service ito the sales market The first thing needed 15 an
understanding of what products and services are currently avatiable in the same
line Then, a coordinated plan ¢an be made for introductng the new item

Therefore, 1t was decided that a survey of existing Remote Sensing activities In
Californta would be a very useful tool for the broadest range of interests, i1 e
people either already involved, or about to become involved, in using Remote
Sensing in their work, legislators at both the state and federal levels, university
faculty and students, as well as individuals 1n private industry

Sources of Information

The survey, which began in October 1977, ts intended to fill a need that has
existed for some time Inttially, survey forms (Appendix) were completed during
telephone conversations with key individuals invoived in remote sensing
projects The NASA Grants Program to Universities for FY77 was used as a cross
reference source, and a computer histing from the Smithsonian institute’s data
base provided still other maternials for cross-referencing The matenal from the

1 337



Smithsontan also dentified projects not funded by NASA, but involving remote
sensing. Numerous ndividuals within universities, agencies and private industry
have provided first hand Iinput and are cited either within the survey itself or in
the list of selected references These people often provided valuable leads to
still other information sources

Early In the survey activities 1t became apparent that a survey of this kind wouid
be incomplete without looking at projects using all types of satellites, Landsat,
communications, and weather satellites It also seemed important to include
projects using high altitude aircraft (U-2) data and data from conventional
medium altitude aircraft There were far more projects than expected, and most
projects used two or more types of remotsly sensed data Some used four or
more kinds of Remote Sensing data Many had computenzed data bases as their
ultimate goal and planned to incorporate the classified Landsat tapes into the

data baage.

These developments have ied to a far more comprehensive and time-consuming
survey than was onginally intended We believe that 1t 1s probably still not
complete, since projects and activities seem to be originating almost daily

Recommendation and Summary

It 1s a strong recommendation that a system for updating this report be imitiated
immediately through the California Environmental Data Center (EDC) A form of
numbering or identification for each new remote sensing activity stari-up, along
with a brief written review of what i1s to be done, and the key contact people,
could be sent to the EDC for circulation as a way to update this report As
projects reach various milestones and final completion dates, reports on the
results could also be circulated or reviewed through EDC

One of the significant findings, early in the survey’s compiiation, was that
despite the number of universities, colleges, State, Federal and local agencies,
and the private sector involved 1in Remote Sensing activities, very hitle cross
fertilization or exchange of information was taking place The survey itself has
served as an information exchange The survey takers also found that nearly all
persons interviewed wished to have an updating mechanism setup upon
completion of the survey

The major reasons given for this updating were

potential users of Remote Sensing will have a human resource reference
bank who can advise them about remote sensing projects already compieted or
In progress

results of remote sensing projects will be widely disseminated on a regular
basis

new start-up activities can make use of the information and may be able to
extend their intended activities by pooling dollars and personnel resources

and users will have more input to future technology that 1s created If they
have access to resuits of projects and activities other than their own

No attempt was made to analyze the information collected in thuis document
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Collecting and reporting were the major goals of this survey We believe that this
survey will provide a strong information base for a wide vanety of users, but it will
need the *“‘updating mechanism’ to assure i1ts continued value Comments,
additions or changes in the survey should be directed to

Ms. Kamila Plesmid or
Ms Donna Hankins

REMOTE SENSING I PROJECT
Schmidt House 80

Humboldt State University
Arcata, CA 95521
(707) 826-3112
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REMOTE SENSING OVERVIEW
The Technology

Although many devices, including our own senses, are ‘‘remote sensors,” remote
sensing commonly describes the apphcation and interpretation of photography
from high altitude aircraft and electronic data from satellites Remote sensing
devices use electromagnetic energy in the form of hght, heat, and radio waves to
detect and measure the earth’s characteristics The advantages of gathering data
about objects remotely are that the object 15 usually not disturbed, objects In
tnaccessible areas can be examined, and a large amount of information over any
geographical area can be obtained

Until recently, remote sensing was synonymous with photo interpretation Aenal
photographs 1n the visible portion of the electromagnetic spectrum were (and
still are) used for topographic mapping, engineering and environmental studies,
and exploration for oil and minerals In the 1950’s and 1960’s, new technology
enabled photographic images to be acquired at other wavelengths—photo
infrared, thermal infrared, and radar

Of the three, photo infrared has had the most wide-spread use Compared to
black and white or natural color photographs, photo infrared—which 1s just
beyond the visible—provides for a better contrast between features in the scene
Photo infrared penetrates haze so that the photograph has a better spatial
resolution and contrast, it captures the maximum reflectance from vegetiation
because plants reflect infrared hght And i1t also provides a heightened
distinction between land and water For these reasons, infrared photography has
been a mainstay of remote sensing.

Although less widely used, thermal infrared and radar have also added a great
deal to the development of remote sensing technology While photographic
infrared senses energy that is reflected from objects, thermal infrared detects
and records radiated energy, or heat. Since heat radiates from objects day and
night, thermal infrared sensors have an advantage over photographic ones
Thermal IR 1s useful over water to study water currents, sea 1ce, thermal plumes
and oil films, and it also detects lava flows, voicanos, coal fires and geothermal
areas

Radar differs from both thermal and photographic nfrared because radar
systems receive and record energy that they have generated themselves
Systems such as side-looking airborne radar (SLAR), the most commonly used
type 1n remote sensing, emii a beam of energy and then record the various
signais that reflect back from objects or terrain Due to the high penetrabihty of
radar through cloud cover, it functions well day or night Although past military
secunity imited the use of radar, at the present time i1is applications for earth
and ocean investigation are growing

Satellite Remote Sensing

In the 19680’s, remote sensing took a jump forward with the development and
deployment of manned and unmanned earth satelliites Here was a new and!
expanded vantage pomnt for acquiring imagery of the earth The majonty of the
manned satellites such as Geminl, Apollo and Skylab, came back with
photographs of the earth However, since unmanned sateilites could not send
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back film once they were in space, these satellites had to be equipped with
sensing devices other than cameras

Now, as then, sensors aboard these earth-orbiting unmanned satellites scan
segments of the earth’s surface, reduce them to line patterns “seen’ at various
hght wavelengths, and transmit the images or the images’ components to
recetving stations on earth.

In 1960, the National Oceanic and Atmospheric Admintstration (NOAA) launched
the first experimental weather sateilite, TIROS Since that time, both NOAA and
the National Aeronautics and Space Administration (NASA) have put many
experimental and operational satellites into orbit so that each day thousands of
satellite 1mages are received and stored in a vanety of forms—negatives, film
ioops, and digrtal data on magnetic tape.

A series of experimental earth resource satellites—Landsats—that NASA has
launched are changing the scope of environmental remote sensing Data from
Landsat-2 and Landsat-3 (Landsat-1 was shut down in January 1978 after 52
years of operation) are beamed to earth 1in computer-compatibie form Each
scene that the satellite scans is preserved on magnetic tape or 70 mm film so
that the image can be reconstructed in photographic form or analyzed In a
computer

One advantage that Landsat imagery has over aenal photography is that a single
Landsat view can cover a greater area than a hundred aenal photographs Maps
produced from the latter frequently take so much time to assemble that they are
obsolete by the time they are printed. In addition, large-scale features that can
be recognized 1n Landsat images are sometimes obscured in mosaics made from
aenal photography.

Handling Landsat data by computer or “automated image interpretation” makes
the information even more valuable. Once the computer has been programmed to
correctly identiiy sample categories of land cover in a scene, 1t can classify the
entire Landsat scene {of 100 nautical miles on a side), identifying all areas that
have the same or similar reflectance properties or signatures With this process,
large area inventories can be taken, land use maps developed, and resources
monitored An important feature of Landsat Is 1ts repeated coverage of the earth
Between the two satellites, there is the possibility for updating data on any area
in the world every nine days

While the Landsat program i1s still considered an experimental satellite system,
weather and communication satellites have been in operational use for many
years. Although the majority of the data from remote sensing devices on weather
satellites I1s used for long and short range weather forecasting (70-80%), these
operational systems are becoming more versatile They are helping to locate the
best ocean shipping routes, seek fishing areas, monitor iceberg movement,
assess earth resources, and monitor solar flux

In addition to the remote sensors on board satellites, geostationary operational
spacecraft like the GOES series and commuriication satellites are acting as relay
platfarms for environmental information sampled on the ground or at sea These
“fixed” satellites can also telemeter information from mobile sensors For
example, NOAA makes operational use of the GOES satellite to relay information
from hurricane hunter aircraft in the south Atlantic to the National Hurncane
Center in Miami This information keeps track of a hurricane as 1t develops
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The Applications

Remote sensing is an inventory tool with applications in almost every profession
and discipline concerned with the environment For the geographer or
cartographer, remote sensing gives a view of the earth never imagined on the
ground. New areas are mapped, old areas are better understood

For the forester, remote sensing facilitates harvesting and reforestation plans
Foresters have long used low aititude aenal photography to manage timber
stands landsat can help assess an enfire forest for long-range planning
Weather satellites can also provide valuable fire weather and fire danger
information to support on-going fire protection efforts

The geologist uses remote sensing to observe fault systems and locate mineral
and fossil fuel deposits that often occur along a fault The broad coverage of the
Landsat image helps ‘“lift” a fault fine out of the ground features

The agnculturalist judges crop yield or crop damage from aenal photography and
Landsat data With satellite systems, there 1s the potential for swift and frequent
crop inventories that are fundamental to accurate crop forecasts

The environmentalist detects o1l slicks and the off-shore dumping of waste using
high altitude photography and satellite imagery—while the oceanographer
studies ocean currents, upwelling areas, and bay and coastal environments from
weather saiellites.

Remote sensing helps the meteorologist and the hydrologist Meteorological
events can be investigated, water resources can be assessed, and flood control
tachniques ¢an be monitored

Remote sensing, in its many forms, has a use in almost every area of earth
resource investigation And, users of satellite data can be just about anyone, so
pervasive has tha view from space become in our society

Califorma 1s no excepiion It seems reasonable to assume that California’s
reliance on remote sensing tools will continue to grow in a direct response {0
the state’s growing need for more accurate and up-to-date information about its
natural resources
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REMOTE SENSING IN CALIFORNIA—A Brief History in Water Quality Control

by Gibert Fraga, State Water Resources Control Board

1954 marks the beginriing of aerial surveillance activities in California—activities
which were to develop into the use of remote sensing tools. In 18534, a small
arrcraft and a 35mm camera with color siide film were effectively used to study
the “signatures” of two prominent pollutants in South San Francisco Bay

Between 1955 and 1963, a senes of water supply and pollution surveys were
taken using low-flying aircraft and cameras The area of study grew from one or
two spots to a belt, extending from Morro L.ake to Bishop to Owens Lake, Death

Vailey and Tecopa-Shoshone.

In 1963, while water pollution control research continued in Sacramento, the
Departments of Fish and Game and Conservation began investing in survey
aircraft The Dept of Fish and Game included water poliution researchers on
their flights to test what was to become “remote sensing” applications At that
time there was aiso a group called the Caiifornia State Employees Pilots
Association Through this group, there was a restructuring to form the first
remote sensing council or committee

In 1966, Governor Ronald Reagan urged state employees to hink up with private
industry to design new methods to help solve California problems Out of
“Experiment 1n_Government” came the formation of the International Remote
Sensing Institute, and a new energy for serious remote sensing applications at
Califorma universities.

However, this new enthusiasm for the technology was short-lived as the political
climate for the use of remote sensing changed Consequently, the original group
of remote sensing users at the state level “disbanded ” In the late 1860’s, the
work in aeral surveillance and remote sensing was fragmented although heavy
aenal survey studies were made from the San Francisco Bay area to the Oregon
border during that period

In 1970, interest In the statewide use of aenal surveillance and remote sensing
partially revived, and In the following year, “Low Aititude Aenal Surveillance for
Water Resources Control”, was published But the time was still not right for
extensive use of the technology

With the arrival of Jerry Brown, remote sensing applications were finally on the
upswing agamn in Califorma. Governor Brown took a keen interest in the history
of water resources remote sensing application in the state, and he encouraged
the addition of remote sensing to the training series of the State Water
Resources Control Board Finally, in 1977, members of the onginal remote
sensing counctl got In touch with each other to form another, stronger California
Remote Sensing Council

Through Governor Jerry Brown, his Science Advisor, Rusty Schweikart, and the
Office of Planning and Research, the Environmental Data Center was formed
with goals to include the coordination of remote sensing application in the state
(Section V) With the additional development of the NASA Western Regional
Applications Program (Section ll), technology transfer to California users was
also growing at a rapid pace
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The key to some of this success seemed to be a realignment of the term “user-
driven ” Remote sensing technology can’'t be user-driven in terms of real
government units if state people are not aware of the apphcations or are
forbidden to look into them

Although state legislation still does not spell out the use of remote sensing
tools, the passage of such bills as AB 452, a statewide assessment of all forest
resources, points the way for a greater state involvement in remote sensing

The time finally seems to be night for California to apply the technology when
and where 1t 1s needed. Remote sensing now has the potential to become the
backbone of the state’s data collection and anaiysis efforts
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In January 1977, the National Aeronautics and Space Administration (NASA)
enlarged the scope of 1ts charter to include a vigorous technology transfer
program. The focus of this on-going program I1s the public sector state and
federal agencies and local, state, and tribal governments Three regional
application centers across the country have been designated by NASA o work
wiih these groups and demonstrate the appiications of the Landsat system

The National Program

Training agency and government personnel in the technology 1s the key feature
of these Landsat demonstrations. The projecis allow the users to decide If
remote sensing and Landsat can work for them to solve many of their resource
management problems

The technology transfer program i1s a departure from the approach of the past
Instead of merely providing a product to an agency, the applications program
takes the user through the steps of product development With this method,
there 1s a good understanding of the technology at the end of a demonstration

project and a climate developed within the agency for future applications of re-
mote sensing

At all three regional centers, the commitiment of resources falls on both
sides—NASA’s and the users’ Depending upon the project, the user agency s
expected to furnish travel and release time for those of its personnel being
trained in the technology as well as allocating budget monies in some cases
NASA provides computer time, trainers, and project ¢oordination

Western Regional Applications Program and California

Caiifornia is one of fourteen states included in the Western Regional Application
Program (WRAP), located at NASA Ames Research Center, Moffett Field,
Cahfornia Dr Dale Lumb is the director of that program, and Ms Susan Norman
IS WRAP coordinator for California remote sensing activities

Dr Dale Lumb, WRAP Director
Susan Norman, WRAP Califormia Coordinator
Mail Stop 242-4
NASA Ames Research Cenier
Moffett Fieid, CA 94035
(415) 965-5897

Since there are already many, diverse remote sensing activities 1n California,
WRAP has sponsored few Landsat demonstrations in the state Instead, the
WRAP program has pursued an ASVT (Applications Systems Venfication and
Transfer) program for Califormia so that the multipie remote sensing activities
can be ccordinated and so that a lateral transfer of the technology can be
encouraged among state, local and federal user agencies

Landsat Demonstration in Califorma under WRAP

At this time, the WRAP program 1s Involved directly 1n five demonstration
projects in California to transfer remote sensing technology
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in northern California, WRAP 1s working with the NASA Remote Sensing Project
at Humboldt State University, Arcata, and the U S, Fish and Wildlife Service to
map the successive vegetation conditions 1n clearcut areas and standing forests
of the Hoopa Valley Indian Reservation and the Klamath River Extension in
Humboldt County This project also has the heip of the Research and Analysis
team of the U.S. Geological Survey Geography Program.

There ts also a project in northern California with the State Water Resources
Control Board to use Landsat to estimate the reservoir volume of the Tule Lake
Reservoir in Siskiyou County

In central California, a five year study (ASVT) is underway for the Caltforma
Department of Water Resources to determine the water demand for agriculture
in the state The Space Sciences Laboratory at UC Berkeley and the Geography
Remote Sensing Umit at UC Santa Barbara are involved in assessing the irmgated
lands in the Central Valley of California and 1n 14 northern counties The project
is under the management of Ms. Ethel Bauer, a member of the NASA WRAP
program

Another project being coordinated by WRAP 1n central California I1s an inventory
of hardwood forests for fire impact with the Central Coast Resource
Conservation and Development Commission This demonstration was imtiated
by the Commission and will be located in either San Luis Obispo County or
Santa Cruz County.

WRAP 13 also working with the Cahiformia Department of Forestry to help them
assess and analyze all the resources on California forest land. The project, in
response to AB 452, will begin with a vegetation ¢lassification of northern
Cahforma Eventually, CDF will analyze the entire state and develop a system to
update the information on a regular basis

For more information on the WRAP program and/or to be placed on the WRAP
newsletter mailing list, contact:

Ms. Phoebe Williams
Information Services
Mail Stop 242-4
NASA Ames Research Center
Moffett Field, CA 84035
(415) 965-5897
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WEATHER SATELLITE USERS IN CALIFORNIA

The most common users of weather satellite data in Califormia are Weather
Service Forecast offices and military and naval bases These facilities use the
data operationally, on a day-to-day basis

There are a few other specialized uses of the satellites These programs usually
center around an individual weather satellite or a satellite series and have
involved a few state agencies, state universities, and private industries in the use
of weather satellite data, imagery, or data transmission.

GOES Satellite System Applications

The Geostationary Operational Environmental Satellite (GOES) sysiem provides
frequent {every 20 minutes) visible and thermal infrared imagery of the ocean
areas adjacent to the United States In addition to imagery, GOES has a Data
Collection System which relays data from both stationary and moving sensor
platforms on earth.

The National Environmental Satellite Service (NESS) 1s the principal handler of
GOES data on the West Coast. A NESS station is locaied adjacent to the
Weather Service Forecast office in San Francisco (Redwood City).

GOES tap hook-ups In California are:
Weather Service Forecast offices—San Francisco and Los Angeles
Moffett Naval Air Station, Moffett Field
Vandenburg Air Force Base, Lompoc
Beale Air Force Base, Marysville
NASA/Ames Research Center, Moffett Field
Satelthite Test Center, Sunnyvale AFS
Sacramento River Forecast Center

CDF Fire Weather Information System

Since 1976 the Califormia Departmeni of Forestry and NASA have been
experimenting with using the GOES satellite as a relay for remotely sensed fire
weather data. (The project, which began in 1972, at first used Landsat-1 for its
relay )

The current network of 18 remote sensor ground stations Is located 1n Region |
of CDF, the coastal forests from San Francisco to the Oregon border Data from
the remote sensors is telemetered by GOES to Washingion, DC, where it 1s
coded and sent back to California At the Sacramento River Forecast Center, the
information I1s translated into plain language and then made available to CDF
ranger stations in Region |

For COF the experiment has been a success. By Summer 1979, GDF plans to
purchase 20 sensing platforms of their own and go “operational” with the
system (NASA only provided the ground stations for the experimental phase of
the project ) CDF also pians to share the cost of a receiver station for the fire
weather data with the Department of Water Resources, Snow Survey Branch

Eventually CDF would hke a statewide network of ground stations to coliect fire
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weather data. Bill Innes, Senior Meteorologist for CDF, 1s reponsible for the
program

Bill Innes, Senior Meteorologist
CA Department of Forestry
Fire Protection
1418 Ninth Street
Sacramento, CA 95814
(916) 445-9887

DWR Field Snow Survey Project

The Department of Water Resources, Snow Surveys Branch, has been testing a
data collection platform, similar to the ones in use by the Department of
Forestry, to gather snow pack information from wilderness areas This model 1s
located at the DWR Alpha Mountain Research Site above Wrnights Lake in El
Dorado County

The small data platform has definite advantages over the larger and more costly
ground repeater stations which have been used in the past to relay radio signals
from snow sensors. First, the small platforem complies better with the Federal
Wilderness Act because 1t 1s less obtrusive in the environment Secondly, each
platform 1s independent of any other and transmits its data directly to the GOES
satellite GOES relays the data to Washington, DC, where the snow data is
handled in the same manner and with the same equipment as the CDF fire
weather data

In fiscal year 1978-78, DWR will purchase six data coilection platforms and plans
to share the cost of a receiver station for the data with the Department of
Forestry A recetver station in California will simphfy the present data handling
and will accelerate the operational use of snow data collection platforms in
wilderness areas Ned Peterson and Charles Howard, DWR Snow Surveys
Branch, are responsible for this project

Ned Peterson, Snow Surveys Branch
Charles Howard, Snow Surveys Branch
Diwvision of Flood Management
Department of Water Resources
1416 Ninth Street
Sacramento, CA 95814
(916) 445-2196

NOAA 6 Sernies Satellites Applications

The NOAA 6 series (soon to be renamed TIROS) weather satellites have been
providing a wide variety of information about the atmosphere and oceans for
many years As part of their sensor package, these satellites provide visual and
thermal infrared imagery Thermal infrared sensors have been particularly helpful
In acquiring sea surface temperature data and discriminating between
snow/ice/clouds and water '

Fishing by Satellite

Since 1975, various fishing associations, working with University programs, have
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been experimenting with thermal infrared imagery data to locate schoois of fish
These groups are studying the sea surfacr temperature breaks along the West
Coast as Interpreted from the weather satellite imagery The NOAA 6 series IS
the pnmary source of data with back-up information coming from the GOES
satellite

Fishing with the help of weather satellite imagery 1s being researched or
undertaken n all of the West Coast states—Alaska, Washington, Oregon and
California However, the imagery still plays a very small part .In commercial ocean
fishing

Major projects in California are
——The Marine Advisory Extenston Service, Humboldt State University, Arcata

Fred Junck, director of the project, has been working with North Coast
fishermen to study the relationship between water temperature, as
ascertained by satellite imagery, and fish avallability The current project
focuses on salmon and albacore tuna found i1n the waters off the northern
third of the Califormia coast Depending upon the cloud cover along the
coast, Jurick is able to obtamn useful imagery every three to five days.

Fred Jurick
Marine Advisory Extension Service
SEA Grant Program
Commercial St —Wharf
Eureka, CA 95501
(916) 443-8369

——The Albacore Fishenes Investigation, National Marine Fisheries Service,
Scripps Institute of Oceanography, La Jolla

Under the direction of Dr Michael Laurs, the project at Scripps has been
funded to evaluate what i1s being measured by the NOAA & weather satellite
sertes Working with digital tapes and digital arrays of the sea surface
temperature observations from the sateilites, Dr Laurs has developed
quantitative information about the usefulness of the thermal infrared
imagery to locate albacore tuna

Although the project has worked with such organizations as the Western
Fish Boat Owners Association, the American Fisheries Research
Association, and the inter-American Tropical Tuna Association, 1ts emphasis
15 research, not service

Dr Michael Laurs
Albacore Fishenes investigation
National Marine Fisheries Service
Scripps Institute of Oceanography

L.a Jolla, CA 92083

(714) 453-2820
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Seasat Program

The NASA/NQAA Seasat program has been inibated as a “proof-of-concept”
mission to evaluate the effectiveness of remotely sensing the ocean and related
weather phenomena from a sateliite platform n space All of the sensors on
Seasat-1, launced June 1978, were developed on previous space and aircraft test
programs. The satellite provides all weather, day and night measurements of sea
surface temperature, surface wind speed/direction, sea state, and directional
wave spectra. Unitke other weather satellites, Seasat will only provide data, not
imagery

Commercial Demonstrations with Seasat

Two key programs are planned for data utilization during the Seasat mission.
Foremost is a program with the commercial ocean community to test the utility
of Seasati-1 data and to begin the transfer of ocean remote sensing technology to
the civil sector These demonstrations are expected to begin in late 1978 or early
1979 Don Monigomery at the Jet Propulsion Laboratory 1s one of the
coordinators for the commercial demonstration projects

Don Monigomery
NASA Jet Propuision Laboratory
Mail Stop 264-420
Pasadena, CA 91103
(213) 354-2339

Cabifornia industrial participants include:

Organization Project Data Product
Deepsea Ventures, Inc East Pacific Ocean Real-time
La Jolla, CA Mining Non-real-time
Lockheed Ocean Lab
San Diego, CA
Union Oil Co North Sea Oil and Non-real-time
Research Labs Gas
La Brea, CA
Oceanroutes, Inc Marine Environmental Real-time
Palo Alto, CA Forecasting in the Non-real-time
Guif of Alaska
Ocean Data Systems, Inc  Ccean Thermal Energy Real-time
Monterey, CA Conversion
Nat Manne Fishenes Serv  Tropical & Temperate Reail-time
Southwest Fishernes Lab Tuna Fisheries
La Joila, CA '
Humboldt State Univ Pacific Saimoh Fishery Real-time
Marine Advisory Service
Eureka, CA
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Scientific Investigations with Seasat

The second major program planned {or Seasat 1s a solicitation of investigations
from the science community—investigations of high scientific merit utihizing
Seasat-1 dernved data This effort, led by NOAA, 1s also sponsored by NASA, U.S
Geological Survey, the U S. Coast Guard, the Office of Naval Research and the
National Science Foundation.

Investigations have been sought within five areas of research interest: Coastai
Zone and Lakes, Open Ocean, Geodesy, Polar Regions, and Hydrology

Approximately one thousand proposals have been submitted by the scientific
community, but no awards have been made for research as of September 1, 1978
Although 1t 18 uncertain how many of the proposais wiil be funded, the
percentage may be very low

James Dunn
Ocean Expenments Manager
NASA Jet Propuision Laboratory
Pasadena, CA 91103

Remote Sensing Facility for Ocean Research

Spring 1879, the Scripps Institute of Oceanography in La Jolla, California, will
open the doors on a remote sensing facihty for ocean research Federally funded
by such supporters of cceanography as NASA, the Navy Office of Research, and
the National Science Foundation, the facility will be the first of its kind and will
offer hands-on experience to ocean remote sensing investigators.

The Scrnipps facihty will have a tracking antenna and other tracking equipment to
acquire imagery and data from the TIROS N (formerly NOAA 6) weather sateliite
series, from the NASA Nimbus G experimental weather satellite, and from
Seasat

Along with the tracking equipment, the facility will house a computer system and
computer programs designed specifically to handle weather satelhte imagery
and 1mage data On hand will be a small complement of people to oversee the
facility and train the investigators in the use of the equipment

* The unique feature of the facility 1s the hands-on experience for users After a
week or so of training, the investigators will be able {0 pursue research on their
own Use of the facility will be determined on scientific merit of the research
Current hopes are that the funding for the facility will preclude the need for user
charges

Although the emphasis of the facility 1s Ocean Remote Sensing Research, there
may be some limited operational use of the faciiity, depending upon the extent
of research demands Dr Robert Bernstein ts principal investigator on the
project '

Dr Robert Bernstein
Scripps institute of Oceanography
Mail Stop AQ30
La Jolla, CA 92083
(714) 452-4233
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Remote Sensing Projects, 1977-78 — Description
and Contact Key

10

11

Update entire state wildlife habitat and detect change from 1965 inventory

Rod Goss, Galifornia Department of Fish and Game,

1416 Ninth Street, Sacramento, CA 95814

{916) 445-8393
Update land use information of Orange County by census tracts

Tom Tousignant, County Forecast Cost and Analysis,

515 North Sycamore, Santa Ana, CA 92701

(714) 834-5897
Develop procedural manuals for natural resource complex inventory and
management, using Ventura County as study area

Doug Stow, Geography, Remote Sensing Unit, UC Santa Barbara,

Santa Barbara, CA 83106

{805) 961-4004
Detect seasonal or long-term c¢hange in outer continental shelf, all eight
Channel lslands and the southern California Bight

Michael Mel, ESCATECH, 8405 Pershing, Suite 400,

Ptaya del Rey, CA 90291

(213) 822-5035
Assess and create a critical intenm management plan for the deserts of
California by studying “eco-boundaries,” vegetation zones, the “Big Pic-
ture.”

Hiram Johnson, Bureau of Land Management

1695 Spruce Sti., Riverside CA 92507
Basin study of the East Bay and Castro Valley watershed.

Dr Ralph V.R. Algazi, Dept of Electrical Engineering,

UC Davis, Davis, CA 95616

(916) 742-1444
Relationship of heavy metal uptake of plants to reflectance in the central
San Francisco Peninsula

Dr R.J P. Lyon, Applied Earth Sciences, Stanford University,

Stanford, CA 94203

(415) 497-2747
Define separate plant communities and develop management implications in
the Tahoe National Forest

lke Parker, USFS Supervisor's Office, Tahoe National Forest,

Highway 49 and Coyote St., Nevada City, CA 95959
Ascertain how remote sensing can be used to enhance the framework in
which water 1s managed in California.

Dr lda R. Hoos, Space Sciences Lab, UC Berkeley,

Berkeley, CA 94720

(415) 642-2351
Study of the continental borderiand of the Santa Barbara Channel for map-
ping and fault location

Bruce Luyendyk, Geoiogy Dept, UC Santa Barbara

Santa Barbara, CA 93106 .

{805) 961-3009
Development of a decision-oriented resource information system (DORIS)
for Ventura County

Robert Faulk, Ventura Co Flood Control,

597 £ Main St, Ventura, CA 93001

(805) 648-6131
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13.

14

15

16

17

18

19

20

21
22

Study of Kern County watershed runoff

Robert Sasso, Geography Remote Sensing Unit, UC Santa Barbara,

Santa Barbara, CA 93106

(805) 961-3603
Determine soil motsture from a radar system that may be on Space Shuttle,
using 12 square miles along one agncultural area transect

Susan G Atwater, Geography Remote Sensing Unit, UC Santa Barbara

Santa Barbara, CA 93106

(805) 2961-4004
Feasibiity and operational utility of Landsat imagery for cotton mapping in
California, using agricultural areas of the San Joaquin Valley on a county
basis

Tara L Hardoni, Geography Remote Sensing Unit, UC Santa Barbara,

Santa Barbara, CA 93106

(805) 961-4004
Study in the Spanish Creek area of the Feather River Watershed to deter-
mine what percentage of water runs off or is made available from a given
ievel of precipitation,

Siamak Khorram, Remote Sensing Research Program, Space Sclences Lab,

Room 260, UC Berkeley,

Berkeley, CA 94720

{415) 642-2351
Determine agncultural water demand in the agrtcuitural area of the Central
Valley and the 14 northern California counties

Sharon Wall, Remote Sensing Research Program, Space Sciences Lab,

Room 208, UC Berkeley, Berkeley, CA 94720

(415) 642-2351
Initiate a total fuel management program in the northeastern quarter of Men-
docino County

Andrew Benson, Remote Sensing Research Program, Space Sciences Lab,

Room 206, UC Berkeley, Berkeley, CA 94720

(415) 642-2351
Determine moisture content of hive forest fuels, using ten National Forest
sites in Cahifornia.

Susan Atwater, Geography Remote Sensing Unit, UC Sania Barbara,

Santa Barbara, CA 93106

(805) 961-4004

Set up a vegetation monitoring system to accompany a water weli dnlling
system n a coastai stough area

Susan Atwater, Geography Remote Sensing Unit, UG Santa Barbars,

Santa Barbara, CA 93106

{(805) 961-4004

Develop a driving energy balance snowmelt model for large areas
Jeff Dozier, Dept of Geography, UC Santa Barbara,
Santa Barbara, CA 93106
(805) 961-3663

Role of government in allocation of resources 1o technological innovation
no contact
Developing and demonstrating an mststutlonai mechanism for transferring
remote sensing technigues
Donna Hankins, Remote Sensing and Technology Transfer Project
Center for Commumty Development, Humboldt State University,
Arcata, CA 95521
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23

24,

25,

26,

27

28

29

30

31

32

33

Compare VHRR, Landsat and GOES satellite data to study surface thermal
and color radiants related to regional tuna catch data for applications to
fisheries research and resource management

Dr M Stevenson, Inter-American Tropical Tuna Commission

clo Scripps Institute of Oceanography,

La Jolla, CA 92037
Explore using the extent of snow covered area obtained from sateliite
imagery in Califormia’s snowmelt runoff forecasting procedure

A.J Brown, State Dept. of Wate Resources,

1416 Ninth St , Sacramento, CA 95814
Study of coastal and shallow water geology using satellite imagery

D S. Gorsline, University of Southern California, School of Letters,

Arts, and Science,

3551 University Ave., Los Angeles, CA 90007
Determine the atmospheric aerosol optical thickness over the ocean, using
Landsat, to vaiidate a technigue which will provide daily global maps of
aerosol iIsopleths over the ocean.

M Griggs, Science Applications, Inc,

1200 Prospect St., La Jolla, CA 92037
Devise systems for providing forest managers with static inventory and
dynamic biclogical response information needed for decision-making

E L Amidon, U 8. Dept of Agniculture, Pacific Southwest Forest

Experiment Station,

P O Box 245, Berkeley, CA 94701
Determine, for forested areas, the type of aenal photography from which n-
formation essential in the practice of forestry can be most accurately and
readily extracted.

R.N. Colwell, UC Berkeley, Agriculturai Experiment Station,

Berkeley, CA 94720
Determination of the accuracy and ease with which varnious forest character-,
Istics can be identified and/or measured by various remotely-situated elec-
tromagnetic sensors.

R.N. Colwell, UC Berkeley, Agricultural Experiment Station,

Berkeley, CA 94720
Develop techniques for using Landsat digital data to identify, classify, and
map major wetland types identified by the US Fish and Wildhfe Serv as
being of Importance to a national inventory of wetlands

D P Burcham, California Inshitute of Technology, NASA Jet

Propuision Lab,

1201 East California Blvd , Pasadena, CA 91108

Multiple input land use analyses for metropolitan/regional area applications,
using the greater Los Angeles area

D P Burcham, California Institute of Technology, NASA Jet

Propuision Lab,

1201 East California Blvd , Pasadena, CA 91109

Review and synthesis of existing historic, seismic, geologic, and geodetic
records of all faults with known or suspected Late Quaternary activity

V R Todd, US Geological Survey,

8604 La Jolla Shores Dr, San Diego, CA 92037

Assessing and analyzing all resources of California’s forest land and de-
veloping a system to update this information on a regular basis

Dale Wierman, CA Dept of Forestry, FRAP Section,

1416 Ninth St, Sacramento, CA 95814
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34

35.

36

37

38

39

40

Inventorying timber, in particular timber volume by correlating consistant
light reflectance patterns from Landsat with slope, aspect, and elevation as
supphed by the US G S digital terrain tapes

Dr A Sirahler, Geography Remote Sensing Unit, UC Santa Barbara,

Santa Barbara, CA 93106

{805) 961-4004
Assessing the impact of clearcutting on tributary degradation as part of
an overall fisheries resource study on the Hoopa Valley Indian Reservation
and the Klamath Extension

Ken Mayer, Remote Sensing Project, Center for Community Development,

Humboldt State University, Arcata, CA 95521

(707) 826-3731
inventory of forest cover types, correlated with wildlife habitat on the Hoopa
Valley Indian Reservation, Humboldt County

Jeff Soto, Forestry Department, Humboldt State University,

Arcata, CA 85521

(707) 826-3935
Surface area study of the Tule Lake Reservorr

Lowel! Field, Water Resources Control Board, Division of Water Rights,

P.O Box 100, Sacramento, CA 95801

(916) 920-6471 '
Inventory of hardwood forests in the four counties under the Central Coast
Resource Conservation and Development Commission, for fire impact

Susan Norman, Western Regional Applications Program, ,

Masl Stop 242-4, NASA Ames Research Center,

Moffett Field, CA 94035
Water Quaiity Mapping and Location of Entrapment Zone in San Francisco
Bay Delta using Remote Sensing Techniques

Sizmak Khorram, Remote Sensing Research Program

Rm. 260, Space Sciences Lab, UC Berkeley,

Berkeley, CA 94720
Assessment of Wildlife Habitat Potential in Mendocino County using Re-'
mote Sensing Techniques

Edwin F Katibah, Remote Sensing Research Program, Rm 260,

Space Sciences Lab, UC Berkeley,

Berkeley, CA 84720
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INDUSTRIAL INVOLVEMENT IN REMOTE SENSING
Industry Providing the Products and Services

from a presentation by Lowell H Brigham, General Elecirc,
Space Division, at the Landsat-C Educators Conference, March 1978

Whether we like 1t or not, technology has a continually expanding influence on
modern fiving, and the technologies we live with are becoming more sophists-
cated and complex. Remote sensing tools in general, and the Landsat program,
in particular, have been born for their time

Today we have a growing concern for critical non-renewable resources, for
renewable resources, as In worldwide food production, and for preservation of
our air, land and water environment Remote sensing 1s one of the tools to help
accomplish the awesome task of inventorying and continuously monitoring our
resources

Ten years ago, the term “remote sensing’ required an explanation Tcday
unuversities are turning to the data, both images and in digital tape format, as a
basis for graduate and undergraduate source material in the related biological
and physical sciences

Ten years ago there was hittle industry participation beyond the production of
hardware Today there are hundreds of us n large corporations and small that
are providing the hardware, software, and analytical services assoclated with the
technology. Regardless of affiliation, industry 1s very product-oriented.

One of industry’s roles 1s to apply resources to advance the state-of-the-art For
examgple, nearly all of the hardware and software systems associated with the
Landsat program were provided by the private sector However, their
development was funded by NASA and much of the technology that was
employed can be traced back to the Department of Defense In that instance and
in others, industry acted as an implementor But industry has also added in-
house resources to the technology’s development.

Technology Transfer

By working with and for clients, industry transfers technology to the user
community In some cases, technology transfer results from an analysis project
performed with participating client personnel In other cases, industry provides
demonstrations of system capabilities, run training programs, and seil hardware
or software products In nearly every case, technology transfer needs to be a
two-way street Industry has to learn the customer’s requirements at the same
fime that the user learns about Industry’s system capabilities or analytical
techniques

Finally, industry maintains a pool of experienced personnel and systems to
service those organizations that do not have an in-house capability or that have a
demand exceeding their capabiiity '

The Landsat program 1s full of industry role examples

1) The Multispectral Scanner and Thematic Mapper (for Landsat-D) represent
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research and development that have advanced sensor state-of-the-art

2) The Landsat spacecraft with all of its components plus all of the digital data
processing and analysis systems represents industnal efforts to provide
hardware and software systems.

3) Sales of image analysis systems to operational federal agencies and to
petroleum exploration companies represents technology transfer

4) and finally, the production of geologic studies, land use maps and forest mven-
tories represents industry providing a service to the user community

Industry 1s a partner in remote sensing technology. It has been a partner with
NASA 1n developing and producing the Landsat system. Now 1t i1s time to
develop the same type of partnership with the user community to insure that the
available technology will be successfully applied and the requirements for new
technology will be 1dentified.

Specific Industries Involved in Remote Sensing

There are six major industrial segments participating in the technology transfer
process Representatives of each group are listed under each segment.

1) Major Aerospace firms providing systems and/or services relating to remote
sensing technology

Lockheed Electronics Company
16811 El Comino Real -
Houston, Texas 77058

Robert Tokerud

General Electrnic Company
5030 Herzei Place

Beltsville, MD 20705

Lowell Brigham, Space Division

TRW System Group

One Space Park

Redondo Beach, CA 90278
Richard Maher

2) Firms producing digital image analysis systems and/or providing image
analysis services

Comptai Corporation
169 North Halstead
Pasadena, CA 91107
Richard Jones

ESL, Incorporated
495 Java Drive
Sunnyvale, CA 94086
Dr. James Burke

Control Data Corporation
2800 E Old Shakopee Road
Minneapolis, Minnesota 55440
George Swaniund

Computer Sciences Corporation (CSC)
8728 Colesville Road

Silver Springs, MD

Robert Cecil

international Business Machines (IBM)
1800 Frederic Pike

Gaithersburg, MD 20780

Charies Gilmore

International imaging Systems (i*S)
650 N Mary Avenue

Sunnyvale, CA 94088

Reese Jensen
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Interpretation Systems, Inc. (IS0 Spectral Data Corporation

PO Box 1007 112 Parkway Drive South
Lawrence, Kansas 66044 Hauppauge, NY 11787
Jerry Lent Tony Wenderroth

Spatial Data

508 Fairview Avenue

Goleta, CA

David Rutland

3) Firms providing analytical services including remotely sensed data analysis
plus scientific discipline consultation

Calspan Corporation Dames and Moore

PO Box 235 100 Church Street
Buffalo, NY 14221 New York, NY 10007
John Walker Robert Reed

Denver Mineral Exploration Co Earth Satellite Corporation
1100 W Littleton Blvd , Suite 103 7222 47th Street
Littleton, Colorado 80120 Washington, D C 20015
Dr Carl Kober Dr John Everett
Geospectra Corporation Geo Images

320 North-Main, Suite 301 PO Box 576

Ann Arbor, Michigan 48108 Altadena, CA 91001

Dr Robert Vincent Dr. AF H. Coetz

Earth Science Consulting and Technology (ESCA-TECH)
3001 Red Hill Ave., Suite 212
Costa Mesa, CA 92626

David Steller
Patiern Recognition — Technology Barringer Research Inc

& Application 1536 Cole Blvd , Suite 330
S S Vighone and Assoclates Golden, Colorado 80401
551 Peralta Hills Drive Dr Anthony Barringer
Anaheim, CA 92807
Sam 8 Viglione
Environmental Research & Technology Resources Development Associates
696 Virginia Road PO Box 239
Concord, Mass 01742 Los Alios, CA 94022
Michael Smallwood Robert Campbell

4) Firms providing geo-referenced data base systems andior services allowing
access to multipie layers of geo-coded data including remotely sensed images

Comarc Design Systems Environmental Systems Research Inst
315 Bay Street 380 New York Street

San Francisco, CA 84133 Rediands, CA 92373

Ronald Walters Jack Dangermond
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5) Not for Profit organizations (that are independent of federal or state agencies)
providing a remote sensing technology transfer function such as image analysis
services.

Battelle Memorial Institute ) Envitonmental Research Institute of
Columbus Laboratory Michigan (ERIM)

505 King Avenue P O. Box 618

Columbus, Ohio 43201 Ann Arbor, Michigan 48107

George Wukelic Dr. Donaid Lowe

Socio-Tech Associates for Research (STAR)
126 Second Avenue #3

San Francisco, CA 94118

George Small

8) Firms producing other devices related to remote sensing such as digital
sensors and digital image output devices

DAEDALUS, Inc

P.O Box 1869

Ann Arbor, Michigan 48106
John Smith
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OCEAN AND EARTH DATA RESQURCES

Partial listing of industries and non-profit organmizations in Califormia that
represent significant capabilities tn data collection, processing and analysis
(From an Ocean Data Resources pamphlet printed for the US Committee on

Commerce, March, 1975}

Ametek, Inc.
Straza Division,
Box 666

El Cajon, CA 92021

Applied Oceanographics, Inc
5085 North Harbor Dr
San Diego, CA 92106

Attantis, Inc
9015 Wiishire Blvd
Beverly Hills, CA 90211

Bechtel

Marine Department

50 Beale Street

San Francisco, CA 94119

Bendix-United
Geophysical Corp
2650 E Foothili Bivd
Pasadena, CA 81109

J G Bosweli Co

4600 Sescunty Pacific Plaza
333 South Hope Street

Los Angeles, CA 30071

Czahn Instruments
Division of Ventron Corp
7500 Jefferson St
Paramount, CA 80723

Carlesherg Petroleum Corp
1801 Century Park West
Los Angeles, CA 90067

Chevron Overseas Petroleum Inc
Room 1108

555 Market Strest

San Francisco, CA 94105

Chevron O1l Research Co
La Habra Laboratory

P O Box 448

La Habra, GA 90631

Clean Bay, Inc
Room 220

1882 Diamond Blvd
Concord, CA 94520

25

Comare Design Systems
315 Bay Street
San Francisco, CA 94133

Dana Point Marine Research Lab
PO Box 367
Dana Point, CA 92629

Defense Technology Laboratories
FMG Corporation

Ordnance Group

P O Box 1202

San Jose, CA 95108

Dunegan Research Corp
2044 Research Drive
Livermore, CA 94550

Earth Science

Consulting & Technology
2300 Cherry Industnial Circle
Long Beach, CA 90805

Environmental S‘;Stems
Research Institute

380 New York Street
Redlands, CA 92373

Escatech Corp
840 South Pershing

Playa del Rey, CA 80291

ESL, Inc
485 Java Prive
Sunnyvale, CA 94086

FMC Corp
1105 Coleman Ave
San Jose, CA 95110

Fairchild Camera &
Instrument Corp

Controls Division
Transducer Plant

423 National Avenue
Mountain View, CA 84040

Far West Laboratory

1855 Folsom St
San Frangisco, CA 24103
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General Dynamics Corp
Marine Technology Center
2930 North Harbor Drive
San Diego, CA 92101

General Motors Corp
AC Electronics Defense
Research Laboratories
Goleta, CA 93017

General Oceanographics, In¢

2172 Dupont Orive
Suite 13
Newport Beach, CA 92660

Global Marine, inc
650 South Grand Ave
Los Angeles, CA 90017

Greifco, Inc
630 Shatto Place
Los Angeles, CA 30005

Gulf Oil Corp
PO Box 1392
Bakersfield, CA 93302

International Environmental
Analysis {Ecographics)

PO Box 708

La Jolia, CA 92038

Intersea Research Corp
11760 Sarrento Valley Rd
San Diego, CA 92121

interstate Electronics Corp
QOceanics Division

707 East Vermont Ave
Anahemn, CA 92803

Jet Propulsion Laboratory
4800 Qak Grove Dnve
Pasadena, CA 91103

Kennecott Exploration, nc
QOcean COperations Division

Ocean Rescurces Department

10308 Roselle Street
San Diego, CA 92121

Lear Siegler, Inc
3171 South Bundy Drive
Santa Monica, CA 90406

Lewis & Lewis Offshore, Inc
PO Box 820

271 South Hemliock St
Ventura, CA 93001

Litton Industnes

Data Systems Division
PO Box 7601

Van Nuys, CA 91409

Living Marine Resources,-Inc
11339 Sorrento Valiey Rd
San Diego, CA 92121

Lockheed Missiles & Space Co
P.0O Box 504
Sunnyvale, CA 94088

Lockheed Ocean Laboratory
3380 Harbor Drive
San Diego, CA 92101

Marne Adwvisers, Inc
Divisicn of Bendix

PO Box 890

Solana Beach, CA 92075

Marnne Dynamics
Box 521
Long Beach, CA 90801

Marne Expernimental Services
P O Box 9486
San Diego, CA 92109

Marnneland of the Pacific
Biological Laboratory

Paios Verdes Dr South

Palos Verdes Estates, CA 90274 _

Marine Resource Consuitants, Inc
225 Santa Monica Bivd
Santa Monica, CA 80401

Marine Technique, iInc
4607 Tom Lane
San Diego, CA 92115

McCulloch Osl Corp
10880 Wilshire Bivd
Los Angeles, CA 90224

Meteorology International
PO Box 348

419 Webster Street
Monterey, CA 93840

Meteorology Research, Inc
PO Box 637

484 West Woodbury Rd
Aita}dena, CA 81001

National Research Center
880 Wiishure Place
Los Angeles, CA 80005
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North American Weather Consuitants
Aerometric Research, In¢

Santa Barbara Municipal Airport
Goleta, CA 93017

Newport Laboratones, Inc
630 East Young Street N
Santa Ana, CA 82705

North American Rockwell Corp
Autonetics Division

3370 Miraloma Avenue
Anaheim, CA 92803

Northwest Oceanographers Inc
1045 Gayley Avenue

Suite 205

Los Angeles, CA 90024

Occidental Petroleum Corp
8000 Stockdale Highway
Bakersfield, CA 33309

Ocean Resources Inc
3344 industnal Court
San Diego, CA 92121

Ccean Routes, Inc
1534 Page Mill Road
Palo Alto, CA 94304

Ocean Science Capital Gorp
459 Hamiiton Ave
Palo Alto, CA 94301

Oceanographic Engineering Corp
Diviston of Dithingham Corp

P O Box 1560

La Jolla, CA 92038

Qceanographic Services Inc
Subsidiary of Global Marine, Inc
135 East Ortega Strest

Santa Barbara, CA 93101

Pacific Aernal Surveys

Hammon, Jensen, Wallen & Assoc
8407 Edgewater Dr

Oakland, CA 948621

Pacific Gas & Electric Co
245 Market Street
San Francisco, CGA 94106

Pacifica Coastal & Marine Mapping Co
Pacifica Ocean Research, inc

2980 Plaimer

Palm Springs, CA 92262

The Rath Co

PO Box 226

7445 Girard Avenue
La Jolia, CA 92037

Resources Development Assoc
PO Box 239
Los Altos, CA 94022

Santa Catalina Marine
Biological Laboratory
Big Fisheries Cove
Santa Catalina island
PO Box 398

Avalon, CA 90704

Scripps institute of Oceanography

La Jolla, CA 92037

Sierra Club
1050 Miils Tower
San Francisco, CA 94104

System Development Corp
2500 Colorado Ave
Santa Monica, CA 90406

Systems Consultants Inc
211 South U Street
Eureka, CA 895501

TRW Systems

Systems Engineering and
Integration Division {(SEID}) —
One Space Park

Redondo Beach, CA 90278

Tetra Tech, Inc
7730 Herschel St
La Jolla, CA 92037

Texaco, Inc
3350 Wilshire Blvd
Los Angeles, CA 90005

United Geophystcal Corp
Subsidiary of the Bendix Corp
2650 East Foothill Blvd
Pasadena, CA 9110¢

Western Geophysical Co
Litton Industnies

933 North LaBrea Avenue
Los Angeles, CA 900338

Woodward-Clyde Consultants
Western Region

Suite 700

Two Embarcadero Center
San Francisco, CA 94111
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Industry Using Remote Sensing

There 1s a distinction between the industnies that provide remote sensing
products and services and the industries thai use the technology for specific
apphications Most of this second industrial use of remote sensing Is proprietory,
however, each can be-characterized

Industries that employ remote sensing extensively often have in-house capability
to interpret and/or process the imagery Or they may have a remote sensing
expert or manager in-house, but contract for products and services with other
industnes. Industries that use remote sensing on a imited basis usually contract
for services as they are needed

Resource Exploration

Industries that engage in resource exploration are the most extensive users of
remote sensing As Dr. Floyd Sabins, Chevron Oil Research Company, points out
In his textbook, Remote Sensing, Principles and Interpretation,
“Private industry is the largest singie purchaser, in dollar value, of
remote sensing imagery from the EROS Data Center, with the prin-
cipal application being for aill and mineral exploration The extrac-
tive industnes also employ contractors to acquire phctography,
thermal 1R, and radar imagery in areas of exploration interest
These investments by cost-conscious industry are evidence for the
exploration value of remote sensing.”

Although many of the resource exploration companies are located in California,
there 1s little exploration in the state, using remote sensing Thermal infrared
photography has been used to study the gecthermal fields in the Impenal Valley
and at the Geysers 1n northern California At the Geysers area, hot springs were
detected on thermal IR images, but the images failed to reveal a significantly
higher surface temperature in the overall Geysers area

Agriculture

Infrared photography, flown at low altitudes, appears to be the most useful
remote sensing tool in California agribusiness. Although there have been large
area agricultural experiments using Landsat—like LACIE, a project to measure
worfdwide wheat production—Landsat seems to have too many limitations for
agricutture at this time

The biggest single problem is the timeliness of the data Crops must be studies
on a week to week, month to month basts, especially to spot disease Even
though Landsat imagery 1s recorded over an area every nine days, it usually takes
at least a month for the data to make 1ts way to the user Then there is the
additional time needed to process the data

To avoid the problem of timeliness, some agnbusiness in California like J G
Boswell Company, wheat and cotton producers fly their fields whenever
necessary and take infrared photography of the crops In this way they can have
the film back in a matter of days, at far less cost and with much better resclution
than with Landsat
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Forest Products indusiry

The low altitude aenal photograph, mostiy black and white, has long been the
principal remote sensing aid in forest inventory and timber volume assessment
Some of the larger northern California timber companies such as Arcata National
and Louisiana Pacific are beginning to use high altitude (U-2) infrared
photography, either prints or transparencies, for large area studies But there has
been no move as yet to incorporate Landsat into their programs

The 8t Regis Corporation 1s participating in an ASVT with NASA to use Landsat
in inventorying all of the company's timber holdings in the southeastern United
States Although St Regis ailso has timber holdings in California, the interest
here 1s a geo-based information system rather than any Landsat demonstration

The move toward computerized geo-based information systems Is also shared by
Georgia Pacific Corporation, the Simpson Timber Company, and Arcata National
Corporation. (Section V, Geo-based Information Systems)

Explanation and Request
There may be many other small and large industries in California using remote

sensing tools However, because of the proprietary nature of most companies’
work, It has been difficult to paint a true picture in this survey.

California tndustries that would like to include their remote sensing activities in
future updates of this survey should contact either the Remote Sensing Project
at Humboldt State University, Arcata, Califormia, or the Environmental Data
Center, Sacramento
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SECTION IV — COLLEGES AND UNIVERSITIES
TEACHING REMOTE SENSING

Special Programs
Photogrammetry
Remote Sensing

Image Processing

College and University Listings
State Colleges and Universities
University of California
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Other Colleges and Universities
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WHERE REMOTE SENSING IS TAUGHT IN CALIFORNIA

Remote sensing and photogrammetry are an integral part ¢f many college and
university programs in California. Two surveys conducted between May 1975 and
February 1976 by Timothy Bidwell and Stanley Morain (Journal of
Photogrammetric Engineering and Remote Sensing, March 1977) found that
twenty-three institutions of higher learning in California had courses or related
courses in remote sensing and/or photogrammetry

Qur survey finds that the number of schools in 1977-78, that include some aspect
of remote sensing in their curniculums 1s almost three times the 1975-76 figure
However, only a handful of universities offer courses tn image processing of
remotely sensed data

Special Programs

Photogrammetry

A bachelor's degree in Surveying and Photogrammetry is offered at CSU Fresno
in their Civil Engineering Department And an advanced degree 1n Civii
Engineering with an emphasis in Photogrammetry 1s offered in the College of
Engineering at UC Berkeley

Remote Sensing

Advanced degrees in remote sensing are offered at two California universities,
UC Santa Barbara and Stanford Unmiversity At UC Santa Barbara, the degree 1s
offered in Remote Sensing/Geography through that school’s Geography Remote
Sensing Unit.

At Stanford, the master’s degree in remote sensing is a CORE program n the
Department of Applied Earth Sciences

Image Processing

Only two universities in California offer advanced course work or instructional
programs in Image Processing as related 1o remote sensing applications, UC
Santa Barbara and Stanford University Both of these schools also process data
for federal, state and local agencies and governments

Geography Remote Sensing Unit Remote Sensing Laboratory
Geography Department School of Earth Sciences

UC Santa Barbara Stanford University

Sania Barbara, CA 93106 Stanford, CA 94203

Dr Jack Estes (805) 961-3649 Dr Ronald Lyon {213) 497-3262

Two other universities 1n California have centers for analyzing and processing
remote sensing data, but these centers do not teach courses at their
universities Their principal emphasis 1s research Instead of regular instruciion,
each of these centers offers short courses in the technology throughout the
year These iwo centers are the Space Sciences Laboratory at UC Berkeley and
the image Processing Institute at the University of Southern California
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Remote Sensing Research Program Image Processing Institute

Space Sciences Laboratory University of Southern California
UG Berkeley University Park

Berkeley, CA 94720 Los Angeles, CA 90007

Dr Robert Colwell (415) 642-1353 Dr William Pratt (213) 746-5514

UC San Diego’s Scripps Institute of Oceanography will soon have a remote
sensing facility for ocean research (Section 1, Weather Satellite Users). Its
primary purpose will be research, not instruction ’

Coliege and Unmiversity Listings

Listed alphabetically within university and college systems are the schools In
California where remote sensing and/or photogrammetry are taught Also
included Iin this list are courses related to those subjects and the most recent
school year they were offered

Each course name is followed by mitials that describe the course’s emphasis A
small letter “r’ after these inthals means that the course 1s refated to that
emphasis

Photogrammetry — PG or PGr
Photo Interpretation — Pl Pir
Remote Sensing — RS RSr
Image Processing — 1P IPr
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California State Universities & Colleges

CSC Bakersfield {78 79)
Earth Science
201-Basic Principles of Geology {RSn)
203-8asic Principies of Physical Geography (RSr)

211-Concepts In Spatial Geography {RSn)
CSU Chico (77-79)
Geography
204-Biogeography (Pin
214-Aerial Photo Interpretation Ph
219-Advanced Research Techmques (PI,LRS)
Civil Engineering
272 Photogrammetry (PG}

CSU Dorminguez Hills (78-79)
Geography
208-Maps, Photographs and Remote Sensing (PG, F{S)
248-Documentation Photography” (PG}
CSU Fresno (78-79)
Geography _
105-Aenal Photograph Interpretaion (P}
Ti06-Advanced Aerial Photographic Interpretation _
and Pemote Sensing of the Environment (P, AS)
Geology
140 Interpretation of Geologic & Topographic
Maps Pl
Civil Engingering

3-Fundamentals of Photogrammetry (PG)
5-Photogrammetnc Instrumentation  _ (PG)
8-Photographic Processes in Engineering (PGr}
103 Advanced Photogrammastry (PG)
106-Cartographic Technigues & Map Repro-
duction {PG)
107-Electronic Distance Measurements (PGr)

Offers degree in Surveying and Photogrammetry

CSU Fullerton (77-79)
Geography
280a-Interp of Maps & Aenal
Photographs
384-Air Photo & Image Interpretation
386-Data Processing for Geographic Infor
mation
482 Advanced Cartography-Thematic
Mapping
488 Land Use Analysis
Earth Sciences
121-Earth Science Laboratory
385-App of Computers to Earth Sciences
456-Advanced App Geophysics
Computer Science
485-Principles of Computer Graphics

PN
{Fh

{tPr)

(PGr)
(Plr}

(PIr)
{tPr)
(P1)

(iPr}

CSU Hayward (78-79)
Geography
3410-Aenal Photo Interpretation
Earth Sciences
3110-Principles of Geomaorphology (Pin
4425 Remote Sensing of Earth Environments (RS)
3910-Geologic Field Methods (PIr}

L

Humboldt State Univ (78-79)
Forestry
1068-Air Photo Interpretation PN
206-Advanced Principles in Remote Sensing (RS}
Geology
100-Geomorphology
101-Methods of Air Photo Interpretation

{PIr)
(P

32

Geography
1-Elements of Mapping
102-Field Techmqgues
Natural Resources
106-Remote Sensing of the Environmeant
107-Remoie Sensing Workshop

{PGr)
(PIr}

(RS)
(RS)

CSU Long Beach (78-79)
Geography
483-Aenal Photo Interpretation & Remote
Sensing
Geology )
_Photogeology and Geocmorphology
“Civil Engineenng’
427-Engineering Photogrammetry

(PI,RS)
{PIn
(PQ)

CSU Los Angeles (78-79)
Geography
210-Map Reading and Photo Interpretation
465-Air Photo Interpretation
466-Remote Sensing of the Environment
Geology
483 Photogeology

3]
(FI}
{RS)

(PIr)

CSU Northridge (78-79)
Geography
205-Elementary Mapping {air photo interp )
307-Air Photo Interpretation
467-Remote Sensing
462-Computer Applications in Geography
Geology {Geosciences)
331-Photogeociogy

CSU Sacramento (77 78)
Geography
103-Map & Air Photo Interpretation
Engineering
105-Technical Photography
187-Environ Remotely Sensed Using
SatelitesfAircraft (RS}
225 Remote Sensing of Environmental Quality (RS)
Clvii Engineering

(PIr)

P}
(RS)
{Pr)

(Plr)

Py
(Plr}

253 Advanced Environ Quality Analysis {RSr)
CSC San Bernardino (78-79)
Geography
370 Soils & Landforms {tech fnc photo
interp ) {Pir}

San Diego State University (78 79)
Geography
180-Basic Map & Aenal Photograghic Reading (P}
382-Use & Interpretation of Aenal Photos (Pl
587-Remote Sensing ol the Environment {RS)
588-Adv Remote Sensing of the Environment (RS}
687 —Seminar in Remote Sensing of the Environ-

ment {RS)
Geology
505 Photogeology (PIn)
San Francisco State University (77 78)
Geography
103 Geographic Techniques {Ptr)
B807-Map Projections {Pin
608-Interpretation of Aenal Photography {PI)
610 Remote Sensing of the Environment {RS)
San Jose State University (78 79}
Geography
181-Map Interpretation and Use (Pir)
183 Remote Sensing (RS)
188 Land Use Mapping & Geographic info
Systems (P1,RS,IPr)
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Geology
138-Map and Aenal Photo Interpretation
Environmental Studies
181-Environmental Information Genter

(Ph
{RSn)

Sonoma State University (77-78)
Geography
204 Man and Environment
307Earth A View from Space
308-Map & Air Photo Interpretation
Geology
308 Map & Air Photo Interpretation

{RSn)
(RS)
{))

PD)

CSC Starisiaus (78-79)
Geography
3710-Remote Sensing of the Environment

(RS)

University of Calitornia

UC Berkelay (77-78)

Geology
1168-Geological Structures and Maps

Cwvii Engineerning
101 Elementary Photogrammetry
107-Air Photo Analysis & interpretation {PH
287A,B-Analytic Photogrammetry (PG}
288A, B-Analogue Stereorestitution Instruments

{Pin)
(PG)

and Stereotriangulation (PGr)
289-Adjustment Computations (PGr)

Forestry _
102-Forest Photogrammetry (PG & Pl}
202-Advanced Photo Interpretation (P

Geology
117-Geomorphoiogy {PIr}

Computer Sciences
256 Computer Graphics {1Pn

UC Dawvis (77-78)

Geography
106-Interpretation of Aerial Photography (P

Geology
152-Photogeology & Remote Sensing (Plr,RS)

Uc Irvine (77-78)

Social Ecology

E154-Environmental Applications of Remote
Sensing Techmagues {RS)
UC Los Angeles (75-78)

Geography
169-Earth from Above (RS}
269-Remote Sensing of the Environment (RS}

Geology (Earth & Space Science)
150-Remote Sensing for Earth Science {RS)
204-Advanced Remote Sensing {RS)

UC FAwverside (78-79)

Earth Sciences
4 The Earth From Space {RS)
158 Remote Sensing of the Environment {RS)
107 Computer Applications i Earth Science  {IPr}

UC San Diego (77-78)

Appled Physics & Information Sciences
141A-Optical Signal Processing (iPr)
243A,.8 Opticai Systems (kP

UC Santa Barbara (78-79)

Geography

115A Geographic Photo Interpretation (P

115B-Geographic Remote Sensing Techmques(RS)

33

118C-Intermediate Geographic Remota Sensing

Techniques (RS}
122A,8 Field Snow Hydrology (RSr)
126 History of Cartography (Rsn)

172,172L-Techniques of Geographic Data
Analysis | & Laboratory
173,173L-Techniques_of Geographic Data
Analysis Il & Laboratory {1Pr}
182 Pnneples of Landuse/l andcover Analysis  (PLIPr)
Graduate

{IPn)

214 Microwave Remote Sensing (RS)
218-Seminar 1n Remote Sensing (RS)
216-Remote Sensing Instrumentation and

Software (RS,!P)
222-Spatial Decision MakKing )]
224-Spatial Statistics (1]
228-Multidimensional Analysis of Spatial

Problems {IF)
273-Natural Vegetation Classification, lnven-

tory, & Dynamics (tFP)

275-Seminar in Geographicat Information Systems {I1Pr)
Offers Masters degree in Geography/Remote Sensing
Engineering

227A-Computer Graphics {iPr)

278-Computer Image Processing (iP

UC Santa Cruz (77-78)
Environmental Studies

100-Intro to Environ  Field Methods (PIn

California Poltachnic State Universities

CA Polytechnic Institute-Pomona (77-78)
Geography
310-Earth from Space
410-Photographic Remote Sensing

(RS)
(PL,RS)

CA Polytechnic Institute-San Luis Obispo (77-78)
Agricutteral Engineering
445-Remote Sensing
345-Aenal Photogrammetry
Agricuitural Management
250-Computer Application to Agric
350-Computer App n Architecture
Computer Sciences
285-Compter Graphres Applications
304 Digital Computer Architecture
445 File Management & Data Base Systems
445.Computer Graphics
542 information Processing
MNatural Resource Management
405-Applied Resource Analysis

(RS)
(FG)

{IP1)
(iPr)

(IPn)
{iPr)
{IPr)
(1P}
(P

(RSr)

Other Califorma Colleges & Unmiversitiss

Cabriflo College, Aptos (77-78)
Geography
3A,B,CG-Map Reading, Air Photo Interpretation,
Remote Sensing {P1,RS)

Cafifornia Institute of Technology, Pasadena (76-77)
Computer Science

142A,B,&C-Computer Mcdeling & Data Anzlysis  {IPr}

289-Computer Graphics (iPr)
Geological & Planetary Sciences

101A Introduction to Planetary Science (RSr)

189-Planetary Atmospheres (RS0

225-Planetary Research w/Spacecraft (RSN

226 Observational Planetary Astronomy {BSr)



City College of San Francisco (77-78)
Engineenng

186 Photogrammetry (PG}
Cogswell College, San Francisco (76-78)
Civii Engineenng
216 Surveying Il App of Photogrammetry {PG)

College of the Redwoods, Eureka
Engineenng
1C-Plane Surveying (intro to photogrammetry) (PGr)
Forest Technology
82-Forest Photo Interpretation {P1}
College of San Mateo (78 79}
Engineering

19-Fundamentals of Photogrammetry (PG)

College of the Siskiyous, Weed (78 80)
Engineering
1A,B-Plana Surveying (Photogrammetry &
Computers) (PGr,IPr)
Columbta Jumor College (77-78}
Natural Resources
60 Aenal Photography & Map Iaterpretation (P!}
DeAnza College, Cupertino (77-78)
Data Processing
18-Intro to Real-Time, on line & interactive
programming
37-Computer Graphics
Engineering
341-Infrared technology

{1Pr)
{IPr)

(RSr)

East Los Angeles Colfege (77-78)
Environmental Studies
7-Intro to Environmental Geolegy (P}
£l Carmino College (78-79), Torrence
Geography
3-Intro to Geographic Techniques (Pir)
Evergreen Valiey Colfege, San Jose (76-77)
Geology
10L-Physical Geology Laboratory (Plr}
Feather River College, Quincy (77-78)
Forastry
57-Map & Aenal Photo Interpretation {P1)
Foothill College (76 77} Los Altos Hills
Geology
14-Map Reading and Photo Interpretation
¢ Planetary Geology

{Ph
(RSr)

Fresno City College (77-78)
Engineering
2-Engineering Plans and Topographic
Mapping (PGr,Fir}
Fullerton College (77 78}
Civif Engineenng
2 Aenal Photo Interpretation
Dept of Earth Sciences
Planetary Geology

P
(RSn)

Lassen Community College, Susanvilie (77-78)
Forestry
VF 54 Map & Photo Interpretzation |
TF 84-Map & Photo Interpretation i

(PY
(PR
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Merced College (77-78)

Engineerng

1B-Plane Surveying intro to Photogrammetry (PGr)

368 Plane Surveying (PGr)
Geology

1L-Physical Geology Lab
Geography

1L-Physical Geography Lab

(PIf)
(Pir)

Modesto Jumor College (78-79)
Natural Resources
224-Mapping & Photo Interpretation (P1}
Napa College (76-77)
Geology
2-Physical Geology Lab (Pin
Palomar College, San Marcos (77-78)
Geography
4-Map Reading & Interpretation {Pl)
Pasadena City College (78)
Geology (Physical Sclence Dept)
Earth Science in the Laboratory
Dept of Eng & Tech
170 Photogrammetry

(Pir)
(PG)

Prerce Coflege, Los Angeles (77-78}
Computer Scignce
48-Data Bases
Geography
6-Intro to Geographical Analysis
Geology
6-Physical Geology Lab
22-Geormorphology

(P
{IPr)

(Pir)
(Pir)

Pomona College (77-78}
Geology
150-Planetary Geology {Plr}
Reediey College, (77-78)
Geology
12-Physical Geoclogy Lab {PIn)
San Bernardine Valley College (77-78)
Engineering
216-217-Photegrammetry
Geography
134-Remote Sensing of the Environment
136-137 Photogrammetry

(FG)

(AS)
(PG)

Santa Ana College (77-78)
Engineering
248-Engineering Photogrammetry {PG)
West Los Angeles College, Culver City (77-78)
Geuography
4 Map Reading & interpretation (PIr,PGr)
Santa Monica College (76-77)
Geography
4 Map Reading & Aenal Photo Interpretation (Pl)
Santa Rosa Jumor College (77-78)
Civii Engineerning
50A,B-Plane Surveying
S52-Photogrammetry
+ 53-Route Surveying and Design
Forest Technology
76-Forest Photo Interpretation
Geography
53-Map and Aur Photo Interpretation

(PGrI)
{PG)
(PIr)

{P1)

(PN

x o
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Sierra College, Rockim {78-79)
Drafting Technology

60A,B Mapping & Photogrammetry 1 & Il PG)
Engingenng
G0A,8-Mapping & Photogrammetry | & it FQ)

Stanforg University (78-79)

Offers Masters degree core program in Remote Sensing

Géology
221-Fhotogeoiogy

Applied Earth Sciences
296-Arrborne Exploration Structural Mapping (PGr)
297-Airborne Exploration-Lithologic Mapping {PGr)
192-Geomathematics 1-Computer Applicatians in

(Pin

Geology and Applied Earth Sciences (iPr}
133-Remote Sensing of the Environment {1Pr)
130 to 132-Environmental Earth Science |, li,

n \ (RS)
285 A,B,C-Seminar Remote Sensing in
Exploration (Pl)
Statistics
110-Statistical Methods in Engineering and

Physical S¢ignce {IRr}
118-Statistical Inferences (IPr)
180 Statistical Computing Packages (1Pt

Geophysics
! 280-Data Analysis {iPr)
Environmental Engineering
263-Digital Filtering {IPr)
. 278-Intro to Statistical Signal Processing {iPn)
Geology
| 103A,B-Advanced Field Geology Pin)
'Food Research Inst
130-App of Programming to Agricultural
Systems {IPr)

511
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Umiversity of Redlands (77-78)
Geology
128-Remote Sensing (RS)
University of San Franciseo (76 78}
Computer Scienca
16%-Interactive Computer Graphics

{Pn

Urniversity of Southern Qaliforna Graduate
Sceficol (77-78)
Geologica! Sciences
528-Serminar in Remote Sensing
Civil Engineering
513L-instrumental Methods for Environmental
Analysis

{RS)

(Pir}

Ventura College (76-77}
Engmeering
58-Engineenng Surveys
Geology
2L-Physical Geology Lab
Remote Sensing for Earth Scientists

(PG

{Plr)
(RS)

West Coast University, Los Angeles (76-77)
Computer Sciences
313-Computer Graphics
Graduate Program in Environmental Systems
Meathodology

{iPr)
{irn

West Vailey College, Saratoga (76-77)
Engineering
36C-Data Analysis
1B-Plane Surveying

(Pr
(PG
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U.S. GEOLOGICAL SURVEY IN CALIFORNIA

U.S.G.S. Western Region

The US. Geological Survey, an agency of the Department of the Interior, has its
national headquarters in Reston, Virgimiz To facihitate its work in the states of
Alaska, Anizona, Cahfornia, Hawail, Idaho, Nevada, Oregon, Washington, and the
Trust Territories of the Pacific, the Survey maintains a Western Region
Headquarters 1n Menio Park, California

The Geological Survey is organized into seven divisions The Topographic,
Geologic, Water Resources, and Conservation Divisions are the primary
operating unuts. In addition, an office of Land Information and Analysis directs
and coordinates the multidisciplinary land resource and environmental analysis
programs of the Survey.

Components of all Divisions operate within the Western Region and each
matntains a headquarters staff at Menlo Park The Office of Land Information and
Analysis, though headquartered in Reston, Virginia, carnes on selected activities
within the Western Region.

Remote Sensing Applications

In each of the major US.G.S divisions, remote sensing plays a role. Aeral
photography, from both high and low altitude aircraft, i1s still the most valuable
remote sensing tool that the Survey uses, but the U S.G S, has been researching
the applications of Landsat since Landsat-1 (ERTS) was launched

Although there has been considerable use of Landsat imagery and image
analysis by the Geologic and Water Resources Divisions of the Western Region,
only the Geography Program, within the office of Land Information and Analysis,
IS explonng ways to use Landsat digital data The work falls under the Research
and Analysis branch of the Geography Program and focuses on Landsat
applications useful to the National Land Use Mapping Program.

No other group in the Western Region 1s as involved with computer processing
of Landsat data as this branch.

NCIC

Under the Topographic Division is the National Cartographic Information Center
(NCIC). NCIC was established to provide a national information service to make
cartographic data of the United States more easily accessible to the public and
to various Federal, State, and local agencies Cartographic data inciude maps
and charts, aenal photography, geodetic control data, and map data in digital
form

There 1s an NCIC office in California at the U S G S Western Region

NCIC — Western Region
USGS, 345 Middlefield Road
Menio Park, CA 84025
(415) 323.2427
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By requesting an Aernal Photography Summary Record System, Catalog 2, the
user can have information on where, when, at what scale, and by what agency
aenal photography (in Califorma) was flown or will be flown

Data s cataloged of the following agencies

— U S. Dept of Agriculture
Agricultural Stabtlization and Conservation Service

— U 8. Department of Agniculture
Forest Service

— U S Geological Survey

— Bureau of Land Management
— NOAA, National Ocean Survey
— Aenal Map Industnies

— United States

— US. Air Force

— National Aeronautics and Space Administration (NASA)
Land Information and Analysis Office

To facilitate the solution of problems related to land use the Survey has
established the Land Information and Analysis (LIA) Office This Office, based in
Reston, Virgimia, directs five major program efforts which include 1) the EROS
(Earth Resources Observation Systems) Program, 2) the Geography Program, 3)
the Earth Sciences Applications Program, 4) the Resource and Land
Investigations Program; and 5) the Environmental Impact Analysis Program

Of the major divisions within the Survey, Land Information and Analysis relies
most heavily on remote sensing tools and skills

EROS Program

An EROS Applications Assistance Facility s located at Menlo Park which Is
designed to help peopie gain access to the vast quantities of satellite and
aircraft imagery stored at the EROS Data Center in Sioux Falls, South Dakota
The EROS Data Center has the largest singie collection of imagery of all the
Federal agencies The Program’s main objective 1s to faciiitate the use and
application of satellite imagery and data and aircraft photography to soive land
and resource probiems

EROS Applications Assistance
U S Geologica!l Survey
Room 202, Building #3
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-2727
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Geography Program

The principal activity of the Geography Program is the compilation and
interpretation of Land Use/lLand Cover maps for the entire United States at a
scale of 1 250,000 These maps have been produced almost exciusively with high
aihitude (U-2) color infrared photography.

The Geography Program in the Western Region i1s currently completing the north-
western California maps, Santa Rosa to Weed, in this series Southern California
land use/land cover maps are available, and the maps for the central section of
California, the San Francisco-San Luis Obispo area, are close to publication. All
maps are available through the NCIC office at Menlo Park

Eugene Napier
U.8 G.S. Geography Program
345 Middiefield Road
Menlo Park, CA 24025

Research and Analysis Branch

Assisting the Compilation and Interpretation Branch of the Geography Program
iIs the Research and Analysis Branch Under a cooperative arrangement with
NASA, this Branch 1s located at the NASA Ames Research Center, Moffett Field,
CA The main activity of this group 1s the exploration of ways to use Landsat
digiial data in the compilation of the National Land Use Maps

To complete the land use maps of northwestern California, Landsat data will be -
relied on to differentiate evergreen trees from deciduous The interpretation will
be done through the compuier rather than by photo interpretation since these two
types of trees are very difficult to separate on sight; however, the Research and
Analysis Branch feels that by using a Landsat scene In late fall, they will be able
to make the necessary distinctions

Since this Branch 1s located at NASA Ames Research Center, it often serves as a
technical advisor for activities of the Western Regional Applications Program
For example, they have worked with WRAP on the three state Pacific Northwest
Demonstration Project and have cooperated on the remote sensing projects at
Humboldt State University

Len Gaydos
U.S. Geologicai Survey
Mail Stop 240-8
NASA Ames Research Center
Moffett Field, CA 94035
(415) 965-6368

The Earth Sciences Applications Program

This program, under Land Information and Analysis, aiso relies heavily on remote
sensing The program was designed to provide useful and timely scientific
information for land-use planning decision making To accomplish this, the
program has conducted three major urban area studies in the Western Region

The most extensive study 1s Iin the San Francisco Bay Region Maps have been

38
381



prepared at a scale of 162,500 for the nine counties of the Bay area to show land
use changes among nine categories of land use The San Francisco Bay area
maps are part of the Survey’s Census Cities Project and were derived primarily
through interpretation of high altitude color infrared photographs, followed by a
hrmited field check on the ground These maps are ‘available through the NCIC
office at Menlo Park
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U.S. FOREST SERVICE REMOTE SENSING PROGRAM

National Program

The US. Forest Service, over the years, has had many activities in remote
sensing. Of particular use to the Service has been low and medium altitude black
and white and color photography However, the Forest Service 1s beginning to
expand its use of remote sensing tools to include high altitude Infrared
photography and satellite imagery

Realizing that remote sensing 1s becoming a valuable resource assessment and
management tool, the U.8 Forest Service, early in 1978, began a nationai
program to set policies for the application of remote sensing technclogy The
first step was the appointment of a national remote sensing coordinator. A
Remote Sensing contract in each Forest Service Region has also been appointed
50 that a working network would be established throughout the country

Currently the national coordinator, Ray P. Allison, and his regional coordinators
are determining what the requirements are for training and awareness in remote
sensing within each Region Once these requirements are thoroughly
understood, a national program can be Initiated

Ray P. Allison
U S Foresti Service
Remote Sensing Coordinator
PO Box 2417
Washington, DC 20013
(703) 235-2137

U-2 Optical Bar Camera Photo Project

As part of the Forest Service’s remote sensing program, the agency 1s evaluating
the usefuiness of optical bar photography to locate areas of tree mortality
,Optlcal bar photography 1s taken with a panoramic camera at high altitudes High
‘resolution color infrared film 1S used and the format of the optical bar is different
“from conventional framing camera imagery With the panoramic view angle, the
sides (ends) of the pictures are a different scale than the center of the pictures
Optical bar allows interpretation of features down to 3 to 4 fest

. Although speciaiized equipment and techniques for viewing and mapping with
this imagery exist and are semi-operational right now, the Forest Service I1s con-
centrating on the most basic concepts of simple steroscopic viewing and visual
transfer of interpreted information from photo to map

The immediate use of the photography i1s for timber salvage planning and sales
Foresters of Region 5, the State of California, are being trained n the
Interpretation of the photography so that they can evaluate its usefulness for
finding and mapping aggregations of tree rmortality and for marking timber
salvage areas

U-2 flights with the optical bar have already been made over National Forest
lands along the easten border of California and in the northwestern section of
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the State While the present focus 1s the tree mortality location potential, the
Forest Service feels that the technology has many other applications for them
and for other agencies Several specific optical bar evaluation projects in several
disciplines are being formulated within Region 5 forests at this time

Alan Ambacher
US Forest Service Begion 5
Geometronics Division
Room 14086, Engineering Staff
630 Sansome Sireet
San Francisco, CA 94111
{(415) 556-7527
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CALIFORNIA ENVIRONMENTAL DATA CENTER

The Cahfcrnia Environmental Data Center (EDC) was established by the Office of
Planning and Research tn March of 1978 to provide a focal point for coordination
assistance to state, local, and federal agencies in their natural resource data
gathering efforts Although called the “Environmentai” Data Center, EDC is
interested 1n the broad spectrum of natural resourcefland use/agrncuitural data
and seeks to serve ail those who need such information

Cataloging California Agency Data

The EDC, above all, 1s establishing a network responsive to those who wish to
use 1t. To do this, the Center has begun a comprehensive indexing and reference
service for natural resources data at the local, state, and federal levels This
service will form the core of the Center’s activities By building on the data
which currently exists in California, the EDC hopes to improve data coliection in
the state and increase the data’s usefulness to those who must set state policy

Cataloging the information state agencies now hold 1s the first step. Seventeen
state agencies have agreed to participate in an interagency Advisory Commitiee
on Data Cataloging Thewr committment to creating a network and to the work
involved in the cataloging provides a solid basis for improving the availability of

information The catalog will enable users to determine 1f needed information -

already exists or if 1t must be collected, This catalog will primanly list natural
resources data, but will also index some other types of information used by the
Resource Management agencies.

Surveying California Needs

A paraliel program to inventory and catalog the data holdings of local agencies is
underway The Environmental Data Center 1s working with counties, COGs,
Regional Coastal Commissions, and selected municipalities to determine their
needs for natural resources data and their current sources and adequacy of
information

EDC 1s surveying the use of remote sensing techniques, kinds of information
management systems employed, and the exient to which existing data meets
current needs The resulis of this study will be published in Fall 1878 as a part of
EDC’s data cataloging and coordinating program.

Fall 1978 will also see the imitiation of a program to determine the avatlability of
data at all levels of government and in academia for a specific study region In
the state This project will serve as a case study for the kinds of data which the
EDC eventually hopes to index and catalog for the entire state Several state
agencies have expressed interest in cooperating 1n this work and study areas are
already under discussion

Coordination Activities
The Environmental Data Center is carrying out an extensive senies of intergovern-
mental coordinating tasks The EDC 1s working with the Bureau of Land

Management (BLM), Department of Agriculture/Forest Service, National
Aeronautics and Space Administration {NASA), National Oceanic and
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Atmospheric Administration (NOAA), and the U.S. Geological Survey/National
Cartographic Information Center {(USGS/NCIC) to tie together the natural
resources data gathering and management efforis of federal and state agencies

The USDA 1s now informing the EDC of all planned aenal photography missions
in California. This wiil enable other agencies in need of such photography to
share in the cost of obtaining missions or to purchase prints of the film, rather
than duplicate them with additional contracts.

The Bureau of Land Management 1s cooperating through data sharing and
program coordination This cooperation may lead o further agreements between
BLM and the state in the near future

The National Oceanic and Atmospheric Administration i1s preparing an
Environmental Data Base Directory for California. The entry of state agency data
files into the NOAA data base 1s coordinated through the EDC In return, any of
the agencies may utilize NOAA’s Data Base

NASA s coordinating 1ts remote sensing application projects in Cahifornia
through the EDC in order to ensure maximum technology transfer where feasible
to government agencies A task force comprised of a broad spectrum of state

and local entities chaired by the EDC, will review technology transfer feasibility
questions

EDC 1s working with USGS in cooperation with the National Cartographic
Information Centier NCIC 1s charged with the inventory of all mapped data at
federal and state fevels The EDC is working closely with NCIC to assure that the
inventory approaches are compatible

Newsletter

The Environmental Data Center publishes a monthly newsletter which s a useful
communication link for a variety of natural resource data user. The newsletter
provides brief overviews of data collection and analysis efforts around the state
with name and phone number for further information Those uitlizing the
newsletter inciude the Governor’s staff, legisiators and their staffs, state, locali,
and federal program managers, universities, the private sector, and the general
public

Those wishing to add their names to the newsletter mailing list should contact
the EDC office

Sally Bay Cornwell, Project Director
Timothy Hays, Staff Analyst
Environmental Data Center
Office of Planning and Research
1400 Tenth Street
Sacramento, CA 95814
(916) 322-3784

The EDC Advisory Committee '

The following 1s a list of California agencies serving on the Interagency Adviscry
Committee for the Environmental Data Genter



Air Resources Board

Cahformia Coastal Commuission
Department-of-Conservation -
Department of Fish and Game
Department of Food and Agriculture
Department of Forestry

Department of Navigation and Ocean Development
Department of Parks and Recreation
Department of Transportation
Department of Water Resources
Energy Commission

Office of Emergency Setvices
Office of Planning and Research
Resources Agency

Solid Waste Management Board
State Coastal Conservancy

State Lands Cammission

State Water Resources Control Board
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GEO-BASED INFORMATION SYSTEMS

Descnption

The most basic function of an inventory system is to provide a method for storing,
retrieving and updating data When a comprehensive data base 1s in full use, 1t
can provide the potential for reducing hundreds of man hours needed to produce
reports on which management decisions are made It can greatly reduce the turn-
around time necessary to address agency and environmental review procedures
And 1t can save the user hundreds or thousands of dollars once the system s in
full operation ) ST T

A geo-based information system can be simple or sophisticated, depending upon
the users’ needs At its most sophisticated, such a system could have the
Capability to put any information that can be put on a map, into a computer The
more sophisticated. systems also provide a way to visually display much of the
information In the system so that the user has both tabular and spatial data
Computer-produced maps andfor tabulations are the usual output of the data
manipulation process

Most geo-based information systems, ke the Bay Area Spatial Information
System, BASIS, are structured around an array of grid cells Each cell represents
& land area of a certain size on the ground (one hectare or 2.5 acres for BASIS)
and corresponds with a unit of computer storage The unit contains data codes
represeniing the characteristics of that cell

Many information systems can also work with data contained within polygons or
irregularly-shaped areas Polygonal displays and analyses provide flexibility in

the sysiem and reflect, more closely than gnd cells, the real boundaries of
features on the ground

Some geo-based systems not only store, retrieve and update data, but also inter-
pret or “model” second and third level information from original source data
With this modelling, such a system permits the user to address subjective
elements In a logical and consistent manner. It aiso enables the user to enter an
unhmited number of faciors into a decision matnx, explore all the options and
reach a complete decision

Use of Remote Sensing

Remotely sensed data can definitely be incorporated into geo-based information
systems Information from aenal photographs complements on-the-ground
observations and can be manually digitized and placed in the computer system
Landsat data 1s even more adaptive to geo-based information systems since
Landsat data 1s also stored in gnd cells and 1s available on computer-compatible
tapes

Satellite imagery 1s becoming an increasingly useful tool as classification, regis-
tration, and enhancement techniques continue With a 11 acre resolution,
Landsat satellites provide the overview for large area inventorying Landsat’s
greatest advantages at present for incorporation In data bases are the low cost
of satellite imagery and computer-compatible tapes, their ongoing availability,
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and the convenience of processing, entering and stonng data within the same
coempuier systam.

In 1980, a new Landsat, Landsat-D, will be launched with potential resoiution
capabilities of 30 meters If this 1s achieved, many planners feel the satellite
Series will be an even more powerful inventory aid than it 1s today

Types of Data

Here is a graphic example of the types of data that may be contained 1n an infor-
mation system Each system, however, will be different because of the different
physical concerns of each city, county, company, or large geographic area

DATA DATA

DATA

SOURCE ELEMENT INTERPRETATION
Landsat = \
%\ vegetation
U S.G S SQILS
topography
Landsat

cropland\

sosls

Soil Cons Servica

i

Landsat

rangeland

Aerial photos
timber
volume

Field Survey
archeological
sites

Dept, of Commerce

GRAZING

POTENTIAL
precipitation

major
tandfaorms

A geo-based information system has great advantages for iis users It can
provide a method of integrating a wide vanety of information, both tabular data
and spatial images, into the decision-making process When used to its fullest
and updated regularly, such a system can eliminate job duplication and ensure
prompt responses to the user’s problems And a computerized data base may be
the ony way to manipulate the large volume of data needed for answering state
and local government’s needs

Landsat

A
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California Cities and Counties
Developing Geo-based Information
Systems

‘ { L Cities developing systems
‘, [ County Systems
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Cailifornia Counties Developing Geo-based Information Systems

The counties are lhisted in alphabetical order with a brief description of the
system and a contact person, If either was available to the survey

Also listed under the counties is a partial listing of publications on therr
information systems. The majonty of this hist was compiled by the Tacoma,
Washington, Planning Department for a March 1977 publication on Geo-Based
Information Systems in the United States.

Alameda County

Working with Comarc Design Systems, 315 Bay Street, San Francisco, CA 94133
(415) 392-56300

Fresno County

The Eresno Council of Governments 1s working with Comarc Design Systems to
develop a geo-based information system for the county
Publications
Environmental Management Information System, the Fresno County Planning
Information System Project — The First Year Resources Requirements and

Prospects (no date)

Geographic Oriented Information Systems — David C. McElroy, Information In- -

dustry Consultant. (4/76)

Orange County

Developing a Land Use Information System for the county, using 1980 Census
tracts. 800 mile-squared area, 25 cities with 69 community analysis areas The
final product will include 58 categories of land use

Tom Tousignant, County Forecast Cost and Analysis,

515 N Sycamore, Santa Ana, CA 92701 (714) 834-8597

Publications

County of Orange, LR/UDS (1976)

Orange County Environmental Management Agency, Environmental Planning &
Management System — Requirements Specification (4/76)

San Diego County

Since 1971 the county has been developing a Regional Planning information
System The planning program falls under the Comprehensive Planning
Organization of the San Diego Region (CPO) System includes 1) Planning Model
Systems, 2) General Support System, and 3) Basic Data Systems Some of the
major Basic Data System components are base maps, land use, population and
housing, employment, and census

i

Ross Hall, Comprehensive Planning Organization of the San Diego Region,
Security Pacific Plaza, Surte 524, 1200 Third Avenue, San Diego, CA 92101 (714)
233-5211
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Publications
Regional Transportation Plan; Development of the Plan, Volume Il

Comprehensive Planning Organization (3/75)

Incidence Maps CPO (1976)

Managing Urban Growth and Public Facilities. CPO (7/786)
Faciiities Planning Made Simple CPO, (7/78)

San Mateo County

The county 1s cooperatmg with the U 8. Geological Survey Geography Program,
Reston, Virgimia, to develop Level Il Land Use classifications for the entire
county, as part of the National Land Use Mapping Program Land use information
witil be available in both map and tabular form

James Anderson, Chief Geographer, U.S. Geological Survey, National Center,
12201 Sunrise Valley Drive, Reston, VA 22002 (703) 860-86344

Santa Clara County

Developing a system with Comarc Design Systems, San Francisco
Publications
A Man-made System for Aiding Local Government in Police Formulation and
Evaluation. EJ Cristiani, et al. IBM (3/72)

Soncma County
Developing a geo-based information system with Comarc Design Systems.

Ventura County

The county 1s developing a Decision-Onented Resource Information System
(DORIS) under a grant from NASA to the Geography Remote Sensing Unit, UC
Santa Barbara The information, which 18 being developed around seven and a
half minute quad maps, will include (but not be imited to). vegetation, sotls,

geology; fand elevation, siope and aspect; biological habitat and flood plain
boundaries

Under an additional NASA grant, the county and UC Santa Barbara wiil produce
seque! guwidelines for updating the information system These procedures will be
avaiiable to other counties when completed.

Robert Faulk, Ventura County Flood Controf, 597 E Main Street, Ventura, CA
93001 {805) 654-2036

Government Associations Developing Geo-Based Information Systems

The Fresno Council of Governments and the Comprehensive Planning
Organization of the San Diego Region represent government associations
working on geo-based information systems HMHowever, since their activities are
centered In one county, they have been included under the County Section

ABAG

In California there 1S5 only one multipie-county geo-based information system
being developed It 1s called BASIS, the Bay Area Spahal Information System,
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and has been developed since 1876 by the Association of Bay Area
Governments, ABAG

BASIS covers the nine-county Bay region and has been designed to provide more
detailed and timely data for regional and local planning The system currently
contains the following types of data' earthquake faults, ocean and bay
coastlines, precipitation, geologic matenals, flood prone areas, slope stability,
well yield, prime agricultural land, erosion, Bay depth contours, airports,
seaports, vacant industrial sites, 1970 Census tracts, and county boundaries

Other types of data, e g. land use, public land ownership and freeway
intersections, are being acquired and encoded as they become available

| Paul Wilson or Don Olmstead, Association of Bay Area Governments, Hotel
f Claremont, Berkeley, CA 94705 (415) 841-9730

Gifies’Developing Geo.-Based nfaination SYSTEME==T

The majority of the smaller cities histed 1n this section have the help of Comarc
Design Systems in developing either all or parts of their systems Contacts have
been included In this list if they were available, but no attempt has been made (0
describe each of these city systems

A partial pubhication list 1s also inciuded that was compiled by the Tacoma,
Washington, Planning Department for a March 1977 publication on Geo-Based
Information Systems in the United States

City of Alameda. Comarc Design Systems

Cities of Anaheim, Garden Grove, Huntington Beach, Santa Ana (Four Cily

Consortium
Publications o
Geocoding Project Conceptualization. (9/75)
Geocoding System Design (10/75)

City of Cupertino Comarc Design Systems
City of Livermore Comarc Design Systems

City of Long Beach.
' Publications
Investigation Support at the City of Long Beach IBM (10/73)

City of Los Angeles.

Initial Land Use Planning and Management System designed by Environmental
Systems Research Institute, 380 New York Strest, Redlands, CA 92373 (714) 793-
2853

Calvin § Hamilton, Director of Planning, Depariment of City Pianning, Room
561-C, City Hall, Los Angeles, CA (213) 485-5073

Publications ‘

An Introduction to the L A Land Use Pianning and Management of Subsysiem
(LUMPAMS) (1/75)

Catalogue of Computer Print Outs — Data on the City of LA (2/75)
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Citywide Parcel Information System — Systems Design and Operations
Manual {11/74) R

L A, City Planning Department Urban Data Base Index (7/74)
Review & Evaluation of Math-Model Development Program. (no date)
Technological Tools & Data Resources Available as Input the Planning
Process (1/74)

Use ofthe Grid-Based Information System for Centers Definttion (12/74)

City of Napa. Comarc Design Systems
City of Pinole Comarc Design Systems.
City of Petaluma Comarc Design Systems

City of San Francisco.
Publiications
Project CABLE — Geographic Subsystem (4/72)

City of San Jose
Publications
Fire Alarm Assignment System—Executive Summary Staniey Phillips, San
Jose Fire Department (9/76)

City of San Rafael Comarc Design Systems

City of Santa Rosa. Comarc Design Systems.
Nancy Hamilton Blank, Department of Community Development, City Hall,
P O Box 16878, Santa Rosa, CA 95402

City of Ventura. Comarc Design Systems

City of Walnut Creek. Comarc Design Systems

Private Industry in California Developing Geo-Based Information Systems
Pacific Gas and Electric Company

The ony private industry that has furnished the survey with detailed information
on the development of its environmental data system is the Pacific Gas and
Electnc Company This system has been developed by the Urban and Regional
Planning section of the Land Department

Since the Company’'s service terntory covers some 94,000 square miles In
California—from Shasta to Kern counties—P G &E felt 1t was imperative to
develop some form of a computerized system for the management, retrieval and
analysis of data on the environment of the service area At the present time the
data base covers 22,000 square miles

Five major types of data are stored in the system 1) terrain units, 2) special
features, 1nciuding endangered species, historic sites, and ecologically sensitive
zones, 3) land use, 4) ridges, courses and fault lines, and 5) infrastructure, such

as highways, railroads, transmission lines, etc
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JoAnn R. Effron, Land Use Planner, Pacific Gas and Electnc Company, 77
Beale Street, San Francisco, CA 94106 (415) 781-4211

Other Companies

The following is a hist of other private Industries developing geo-based
information systems All of them are working with Comarc Design Systems
Neither addresses nor contacts are included in this list

Georgia Pactfic Corporation

Bechtel Corporation

St Regis Corporation

Kimberty-Clark Corporation

Kaiser Engineering Inc

Simpson Timber Company

Pacific Telephone & Telegraph Company
Arcata National Corporation
Woodward-Clyde Consultants

Trans America Engineering Inc
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COMMUNICATION SATELLITES AND CALIFORNIA

CTS and Remote Sensing

Although there are both operational and experimental uses of communication
satellites in California, there has been little use of these satellites for
environmental or remote sensing-related purposes

in states such as Florida, communication satellites have acted as relays for
environmental data obtained by remote sensor piatiforms on the ground In
California, projects that need data relayed from remote areas, at present, use the
GOES satellite system (Section ii, Weather Satellite Users)

Instead, communication satellites have been used in the state to teleccnference
discussions on natural resources and environmental 1ssues

Mobile Analysis and Telecommunication Experiment (MATE)

One exception to the general use of communication satellites was the Mobile
Analysis and Telecommunication Experiment, MATE, designed at NASA Ames
Research Center, Moffett Field, California

For this experiment, a van was equipped with a small computer system to
display Landsat satellite data Since the storage capacity of the computer in the
van was small and the amount of Landsat data to process of any given area,
great, the Communication Technology Satellite, CTS, was used as a one-way
relay of Landsat data from NASA Ames Research Center to the mobile van

MATE was testing the use of remote display terminals at various locations,
interacting with a Landsat image processing computer at a central location, in
this case, NASA Ames

Unfortunately, before the van could be tested to any degree it caught fire and
was totally destroyed. Funds are now being sought for a second MATE.

Teleconferences on Remote Sensing

In March and Apnl 1978, there were two teleconferences onginating from NASA
Ames Research Center that focused on remote sensing technology

The WRAP Program

The first in March was an interview with Dr Anthony Calio, NASA Applications
Branch Chief, and Mr Fioyd Roberson, NASA Technology Transfer head Both
men were interviewed by members of the Western Regional Applications
Program (WRAP), located at NASA Ames and by a member of the Remote
Sensing Project at Humboldt State University, Arcata, Caiifornia The discussion
centered around the future of the Landsat program and the role of Regional
Applications Programs in transferring remote sensing technoiogy Dr Calio was
of the opinton, at that time, that Applications could become the lead branch
writhin NASA in the next few years

For excerpts of that interview, see Volume 1, No 1 of Plain Brown Wrapper,
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newsletter of the Western Regional Applications Program
American Indian Telecommunication Damonstration Project

The second teteconference on remote sensing applications was part of a three-
day indian Telecommunication Demonstration Project tin Aprif 1978 One aspect
of the overall demonstration was the use of the communication satellite for
higher education In particular, the participants were concerned about education
(N natural resources management and planning

On the second day of the project, Indians on the Crow Agency, Montana, and
members of the All-Pueblo Council, New Mexico, viewed a videotape on the use
of remote sensing tools to aid Indian natural resources management The
videotape was sent from NASA Ames Research Center and was prepared by the
Remote Sensing and Technology Transfer Project, Humbeoldt State University

This videotape 1s available on short-term loan Contact:

Kamila Plesmid
Remote Sensing Project
Schmidt House 90
Humboldt State University
Arcata, CA 95521
{707) 826-3112

Public Service Satellite Consortium

In late 1975 the Public Service Satellite Consortium, PSSC, was established as
response to the growing national interest in developing public service uses for
communication satellifes PS3C began with seventy members representing the
flelds of education, health care, library services, public safety and government
admimistration. Today that membership nears a hundred.

Although PSSC does not plan to launch a satellite itself, the Consortium has
made arrangements with the Hughes Aircraft Company to develop a “practical
public service satellite demonstration” on the Hughes Syncom 1V, a test payload
of NASA’s Space Shutile PSSC will define the communication requirements that
will satisfy a broad spectrum of public service users

In 1977, under a NASA grani, PSSC found that these requirements are three-fold
improved access, cost containment and maintenance of quality In the next few
years the chief function of the consortium will be to bring together similar
public service interests and design a coordinated, economical pregram of
satellite communications to serve needs not adequately being met by
conventional communications now

The principal office of the Consortium 1s located in San Diego, California

Polly Rash °
Director of Commumcations
Public Service Satellite Consortium
4040 Sorrento Valley Blvd,
San Diego, CA 92121
{(714) 452-1140
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Consortium membership 1n California

The following California orgamzations are members of the Public Service
Satellite Consortium, as of the November 1977 membership list

California Public Broadcasting Commission

Calhformia Innovation Group, Inc

California State University and Colleges

Community Television of Southern Cahfornia, KCET

Modesto Junior College

San Diego County Department oif Education

San Diego State University

Stanford University—Communications Satellite Planning Center
University of Califorma

University of Southern Califorma

Western Interstate Commission for Higher Education (WICHE)

For a complete membership list, contact Poly Rash at the PSSC principal office
1n San Diego

.PSSC Satellite Demonstrations in California

|.}n the first seven months of 1978, members of the Consortium conducted seven
ishort-term demonstration projects in California. In addition to these projects, the
iPSSC supports the Veterans Admimistration in conducting a continuing medical
reducation program via satellite to VA hospitals tn the western half of the U S,
including Gaiifornia.

Also, fourteen public television stations in Califormia will begin to use WESTAR
for receiving PBS programming in 1978 on a regular basis

Proposal for Statewsde Use of Communication Satellites

In 1977-78, part of Governor Jerry Brown's program was to mvest In the regular
use of satellites for communication in Califormia The plan was to acguire
hardware for limited operation on the CTS satellite and then follow-up with a
statewide program using Syncom IV, after 1t was faunched in 1980 or 1981

The program envisioned both fixed and portable terminals as well as two-way
interactive video equipment There were also provisions for two-way voice
terminals to be used in emergency situations such as forest fires, earthquakes,
floods, or other disasters

The major uses of such a statewide system would be teleconferencing and
education, with additional expenmental activities in rural health services and
data transfer between computers

The passage of Proposition 13 in June 1978, however, has created a “no fnlis”
environment in the California legislature Consequently, the Governor’s program
to use satelhites for communication will not be funded this year

'j
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APPENDIX

Selected Publications
References and Credits

Sample Survey Form
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LIST OF SELECTED PUBLICATIONS
(By Discipling}
1874 - Present

Provided by the
Remote Sensing Research Program
Space Sciences Laboratory, and
Department of Forestry and Conservation
University of Cahfornia, Berkeley

AGRICULTURE

Benson, AS. and RN Coiwell 1975 Agricultural interpretation Technique
Development. Remote Sensing Research Program, Space Sciences Labor-
Series 16, Issue 77 (University of California, Berkeley), 248 pp

Benson, A.S and R.N Coiwell. 1974 Regional Agricultural Surveys Using ERTS-1
Data Remote Sensing Research Program, Space Sciences Laboratory
Series 16, Issue 50 (University of California, Berkeley), 192 pp

Hay, CM, RW Thomas, A.S Benson, and R.N Colwell. 1977 Development of
Techniques for Producing Siatic Strata Maps and Development of Photo-
interpretive Methods Based on Multitemporal Landsat Data Remote Sens-
ing Research Program, Space Sciences Laboratory Series 18, Issues 2, 28,
60 (University of Cahiforma, Berkeley)

Hay, C M., RW Thomas, and R.N. Colwell, 1976 Application of Photointerpretive
Techniques to Wheat ldentification, Signature Extension, and Sampling
Strategy Remote Sensing Research Program, Space Sciences Laboratory
Series 17, Issue 33 (University of California, Berkeley)

Hay, CM 1974 Agricultural Inventory Techniques with Orbital and High Altitude
Imagery Photogrammetric Engineering 60 (11) 1283-1293.

Hay, CM 1974 Agricultural Inventory Techniques Using Sequential High Alti-
tude Photography Remote Sensing Research Program (University of Cal-
Ifornia, Berkeley)

Thomas, RW and CM. Hay 1977 Two Phase Sampling for Wheat Acreage Esti-
mation Proceedings, 11ih International Symposium on Remote Sensing
of Environment, pp 908-918,

Thomas, RW, CM Hay, CE. Brown, J D Nichols, and D Noren 1975 A Re-
mote Sensing-Atded Small Grains Inventory Using Sequential Landsat
Imagery Proceedings, ASP Fall Convention, pp. 298-314

Wall, SL and RN Colwell 1877 Determining the Usetulness of Remote Sensing
for Estimating Agricultural Water Demand in California Remote Sensing
Research Program, Space Sciences'Laboratory Series 18, issue 59 (Uni-
versity of California, Berkeley), 66 pp

Wall, SL. and RN Colwell 1975 Inventory of Irngated Lands for Selected

wi (]



Counties Within the State of California Based on Landsat and Supporting
Arrcraft Data Remote Sensing Research Program, Space Sciences Labo-
ratory Sernies 18, issue 50 (University of California, Berkeley), 52 pp

DATA PROCESSING/ANALYSIS

Colwell, RN. and E.F Katibah. 1976 Optical vs Electronic Enhancement of
Remote Sensing Imagery Proceedings, Society of Photo Optical Instru-
mentation Engineers, Vol 74, pp 111-118

Jones, NA, JD Nichols, F.G Harvey, P R. Ritter, and MJ Gialdimi 1975 Soft-
ware for Geometrical Transformation of Dig:tal Data Used for Remote
Sensing Apphications. Presented at Symposium on Machine Processing of
Remotely Sensed Data, LARS-Purdue University

Katibah, E F. 1975 The Photographic Construction of Landsat Color Composite
Imagery Remote Sensing Research Program Informahion Note (University
of California, Berkeley)

Nichols, J D and W Senkus 1975 Combined Sequential Analysis of Multiple
Features Proceedings, Symposium on Machine Processing of Remotely
Sensed Data, LARS-Purdue University, pp 1A-28

Nichols, J.D and W Senkus. 1973 Combmning Human and Computer Interpreta-
tion Capabilities to Analyze ERTS Imagery Presented at Symposium on
Machine Processing of Remotely Sensed Data, LARS-Purdue University

Steele, RS, W Senkus, | Flores, G Vasick, and JD Nichols 1975 A Color
Display Terminal System for Interactive image Analysis Proceedings, 10th
international Symposium on Remote Sensing of Environment, pp. 777-782

Steele, RS, | Flores, P.R Ritter, JD Nichols, MJ Gialdini, and W Snekus
1975 A Four-Channel Optical Film Annctator for Production of Planimet-
rically Correct images Proceedings, Symposium on Machine Processing
of Remotely Sensed Data, LARS-Purdue University, pp 3A-39

Thomas RW. 1974 Construction of a Doubly Unaiigned Systematic Double Sam-
ple with Unweighted Regression Remote Sensing Research Program,
Space Sciences Laboratory Series 15, Issue 34 (University of California,
Berkeley), 31 pp

Thomas, RW 1875 The Use of the Analysis of Covariance Model in Spatial Point
Estimation Proceedings, Symposium on Machine Processing of Remotely
Sensed Data, LARS-Purdue University

Thomas, RW and G Vassick 1975 Application of the Scheffe’ Method of Muli-
iple Comparnson to Determination of Class Separability Proceedings,
Symposium on Machine Processing 'of Remotely Sensed Data, LARS-
Purdue University

’

HYDROLOGY
Katibah, EF, 1975 Estimation of Areal Extent of Snow with ERTS Satelliie Data
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Thesis, Master of Science Dergree (Wildland Resource Science, University of
Califorma, Berkeley)

Katibah, EF 1975 Areal Exient of Snow Estimation in the Northern Sierra Nevada
Mountains Using lLandsat-1 Imagery Proceedings, Earth Resources Survey
Symposium (Houston, Texas), pp. 2621-2643

Katibah, E.F 1975. Operational Use of Landsat Imagery for the Estimation of Snow
Aregl Extent Presented at Operational Applications of Sateilite Snowcover Ob-
servations Meeting NASA and the University of Nevada at Reno (Sough Laks
Tahoe, Califorma)

Khorram, S and EF Katibah 1978 Use of Landsat-1 and NOAA4 Data for Evapotrans-
prration Estimation Qver the Middle Fork of the Feather River Watershed.
Proceedings, American Society of Photogrammetry Annual Meeting
{(Washington, D.C)

Khorram, S 1977 Use of Multispectral Imagery in Estimating Snow Areal Extent
and Snow Water Content Cost-Effectively. Proceedings, Symposium on
Machine Processing of Remotely Sensed Data, LARS-Purdue University,

10 pp

Khorram, S. 1877 Remote Sensing-Aided Systems for Snow Quantification, Eva-
potranspiration Estimation, and Their Application in Hydrologic Models.
Proceedings, 11ith International Symposium on Remote Sensing of Envi-
ronment pp 795-806.

Khorram, § 1977. A Solar Energy Estimation ‘Procedure Using Remote Sensing
Techniques. Proceedings, Remote Sensing of Earth Resources Confer-
N egce, The University of Tennessee Space Institute (Tullahoma, Tennessee),

20 pp. T T

Khorram, S 1977 An information System Design for Watershed-Wide Modeling
of Water Loss to the Atmosphere Using Remote Sensing Techniques Pro-
ceedings, American Society of Photogrammetry, Annual Meeting (Wash-
ington, D C), pp 517-537

Khorram, S 1976 Remote Sensing-Aided Information System Design for Water
Resources Mangement, Proceedings, Earth Science Symposium, U S
Forest Service (Fresno, California), 15 pp

Khorrarn, S and RN Colwell. 1976 Remote Sensing-Aided Procedure for Water
Yield Estimation Chapter 2B In An Integrated Study of Earth Resources
in the State of California Using Remote Sensing Techniques, Space Sci-
ences Laboratory Series 17, Issue 69 (University of California, Berkeley),
108 pp

Khorram, S and RW Thomas 1876 A Remote Sensing-Aided System for Warer-
shed-Wide Evapotranspiration Estimation Proceedings, Joint Scientific
Meeting on Mountain Meteorology and Biometeorology, Swiss Geophysi-
cal Society, Swiss Society of Balneology and Bioclimatology, and Ameri-
can Meteorological Society (Interlaken, Switzerland), pp 42-60

Sharp, JM and RW Thomas 1975 A Cost-Effectiveness Comparison of Exist-
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ing and Landsat-Aided Snow Water Content Estimation Systems Proceed-
ings, 10th International Symposium on Remote Sensing of Environment,
pp 1255-1262

Thomas, RW and 8 Khorram 1875 Remote Sensing-Aided Procedures for water
Yield Estimation Chapter 2B /n An Integrated Study of Earth Resources
in the State of California Using Remote Sensing Techniques Remote
Sensing Research Program, Space Sciences Laboratory Series 17, 1ssue 10
{University of California, Berkeley), 86 pp.

WILDLAND

Benson, AS and R N, Colwell 1977 Fuel Mapping in Relation to the Manage-
ment of Brushiands and Timberlands in Mendocino County, Califorma_
Chap. 2 In* Application of Remote Sensing to Selected Problems Within
the State of California Remote Sensing Research Program, Space Sci-
ences Laboratory Series 19, Issue 5 (University of Califorma, Berkeley),
137 pp

Carneggle, D M., SD DeGloria, and RN Colwell 1974 Determining Range Con-
dition and Forage Production Potential in California from ERTS-1 Imagery
Proceedings, 9th Internaiional Symposium on Remote Sensing of Environ-
ment

DeGiona, SD, SJ. Daus, and RW, Thomas 1975 The Utihization of Remote
Sensing Data for a Multidisciplinary Resource Inventory and Analysis
Within a Rangeland Environment Proceedings, ASP Fall Convention, pp
640-659

DeGlona, SD, S J. Daus, N Tosta, and K. Bonner 1975 Utilization of High Alti-
tude Photography and Landsat-1 Data for Change Detection and Sensitive
Area Analysis Proceedings, 10th International Symposium on Remote
Sensing of Environment, pp 359-368.

Gialding, J, S Titus, J Nichols, and R. Thomas. 1975 The Integration of Manual
and Automatic Image Analysis Techniques with Supporting Ground Data
in a Multistage Sampling Framework for Timber Resource Inventories
Three Examples Proceedings, NASA Earth Resources Survey Symposium
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Paper presented at Society of Range Management Annual Meeting (Port-
land, Oregon), 34 pp

Titus, SJ, LC Wensel, and RN Colwell '1977 Development of Sampling De-
signs to Use with Remotely Sensed Data Remote Sensing Research Pro-
gram, Department of Forestry and Conservation (University of Galifornia,
Berkeley), 253 op

=

60 | L oy
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HUMBOLDT STATE UNIVERSITY

California Remote Sensing Survey

Agency-Branch County-Division Industry University Other

A R A B R R O I B O S R R R I I

Project Director Management Director
Phone # Phone #

Address Address

Area

Startina Date Projected ending date

Status at Present

How Funded? fiverall budget, 1f not proprietary

How started? Need that created project?

Planning un1ts involved? (census tract - forest plots - townships - range - etc.)

Overall si1ze? (# of acres, planning units, etc.)

What oroducts desired® (Maps - statistics - data base - etc.)

Data used? (Landsat - Lo Alt - U-2 - Thermal - QOther)

Detail - smallest feature to be determined.

NOTES

]
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Notice of Change

The following up-dates need to be made in California in Orbit.

Page(s):

Nature of Change:

Reason for Change (optional).

Respondent:

Name

Title

Office

Phone Number

Address
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APPENDIX VII

Documentation: Establishment of California Remote Sensing
Task Force
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Article 1n Plain Brown Urapper

Publ1cation of NASA's Western Regional Applications Program

April-May 1979

CIRSS: An Unified Approach to Technology
Transfer. Norman's been involved n the CIRSS pro-
gram with EDC for a year, about as lang as Bauer's

been handling the APT *‘Dale Lumb [Techology Appl-
cations Branch chief] decided then that California was
too complex lo fit under the WRAP umbrella,” she re-
called “We needed a wable project that would focus on
the state, vet stand on its own "

Norman presented her proposal for the integrated pre-
ASVT to NASA Headquarters last May With support by
Alex Tuyahov and Dick Welnstein there, Sally Bay
Comwell and Dan Richards of Gov Brown's office, Bob
Colwell of UC Berkeley, Jack Estes of UC Santa Bar-
bara, and Dale Weirman of CDF, approval for FY'79
funding of $150,000 came through in November

“But,” she noted, “‘the state 15 contnbuting more than
NASA — $60,000 for the Califorma Department of
Forestry project, $125,000 from the state leaislature for
a county-level user needs survey — and this doesn't in-
clude staffing and indirect funding

To oversee project operahions, a CIRSS Task Force has
been established with Sally Bay Comwell, director of the
EDC, as charperson, Mary Arbogast, from the same of-
fice, as Task Force Coordinator, and Norman as the
NASA representafive Other members include Enc
Hedlund of Humboldt County, Kenneth Topping of San
Bemardino County, Donald Olmstead of Assoc of Bay
Area Gov'ts Vashek Cervinka of Dept of Food & Ag-
nculture, Bary Brown of Dept of Conservation, Dr
Robert Colwell UC Berkeley, Dr Larry Fox of Hum-
boldt State Univ, Leshe Oliphant of US Forest Service,
Eugene Napter and Jun Chamberlin of US Geological
Survey, and Floyd Sabins of Chevron Oilfield Research
Labs

Sabins, representing the pnvate sector, 15 head of a
five-member Industry Advisory Panel to the Task Force

Dunng the Task Force’s first offical meeting on March
21, members discussed therr immediate goal to make
CIRSS relevant to statewide needs and thewr eventual
job of evaluabng and adwising on any resulbng data
system

They plan to use the CIRSS project as a testing ground
to identfy benefits from verhcally infegrating remote
sensing technology into natural resource data collechon
methods

Vertical data integrahon, Norman explamed, 15 founded
on the concept that a data base appropnate for state-
leve] agencies may also be appropuate for local and fed-
eral levels of government “The CIRSS team’s pnmary
concern s inding out how far ‘eppropnale’ goes,” she
emphastzed

“We can't build a data base nor can we do demonstra-
hons for every state agency,” she msisted “Instead,
we'll study conceptual issues by selecting several test
areas and concentrating on one disciphne forestry We
want to show how forestry-related data can be taken
from the state to the local level or to the federal fevel
We've also identified the pnime agncultural ssue as rele-
vant to state and county resource informaton needs and
will sample s integration, too,” she added

To test the theory, the CIRSS project wall tackle two
major areas the first 15 slanted to concept and design,
while the other involves actual small demonstranons
Under the conceptual design portion fall a study on ver-
tical data integration and county and state user needs
surveys

Key to CIRSS 1 the data mtegration study — designed
to Iink all the demonstrations and pull tegether the mnner
workings of the project It began to take shape last
winter dunng an exploratory meetng by WRAP"s
Norman, Frank Westerlund, and Dave Peterson, who 1s
acting as techmcal advisor, Jack Dangermond of En-
vironmental Systems Research Insttute, and Larry
Tinney of UC Santa Barbara

This study will explore ways in which data can be nte-
grated mto a common base, check the applicabilty of
remote sensing to this base and through a prototype
project contracted to ESRI, 1dentfy techmcal issues re-
lated to these efforts

Another project, parallet to ESRI's, will study inshtutional
18sties involved

The county-level user needs study, funded by the
Calforna legslature and manged by EDC, wall cut
across six of the 15-16 counties who submitted propo-
sals Completed forms for the study started in March
should funnel back to EDC’s Tim Hays, acting as techm-
cal momtor, by Qctober
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Manposa, Mendocino Nevada, Placer, Riverside, and

Ventura counties — selected to receive grants ranging

from $15,000 to $50 000 — wall develop environmental
and natural resource information systems, EDC’s user

needs study will fall under these umbrellas

WRAP's Frank Westerlund 15 working with Steve Kraus
of the Office of Planning and Research to desgn the
state-level user needs study, complementary to the
county-level survey, it will address severat levels of gov-
emment with questons on data collechon and format
and possible commonalihes among agencies inibal -
terviews are to start in early Apnl

CIRSS Demonstration Projects Test New
Digital Analysis Techniques. The second major
chapter in Norman's integrated pre-ASVT will see Land-
sat used m four demonstration projects a statewide
forest respurce mventory, a small-scale pnime agriculural
fands study, a county forestry project, and a federally-
sponsored resource analysis of one USFS distnct

Under the first project, the Cahfornita Department of
Forestry will use its statewade Landsat-based forest re-
source inventory (see Plain Brown Wrapper #4) to
respond to a legislative mandate — AB 452, as well as
inveshgate the usefulness of the dimtal approach

The other state-level project, for the Department of
Food and Agncuiture, 1s designed to test the CIRSS
analysis methodology in monitoning conversion of pnme
agucuitural lands to urban use in Ventura County
Techmcal support will come from Larry Tinney of UC
Santa Barbara

Dr Robert Colwell of UC Berkeley will oversee the
county-level demonstration, a forestry apphcaton in
Mendocino County to demonstrate the uses of digntally
mosaicked Landsat and terrain data for mapping fire fuel
management zones

On the federal level, the US Forest Service is commtiing
$10 000 for a resource analysis of the MeCloud Ranger
Disinct WRAP's Don Card will act as technical
manager; technical support will come from Larry Fox of
Humboldt University and Alice Forbes and Don
Campbell of USFS

“The projects have a genenc component,” Norman
concluded “We can fake forestry, soils and terran data,
merge these with Landsat data, and then update this
mformation using Landsat. The same procedure could
then be used lor other data, other disaiphnes, to amve at
and mainfain a common base
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DAR*AXFAT
INTRODUCTION To California ASVT

1954 saw the beginnings of the use of "remote sensing" technology in
the State of California. It was not the muted electronic hum of a satel-
1ite overhead in those early days, but the buzz of a Cessna. But the spirit
of determination to learn about and use the Tatest practical technology from
air and space has stayed alive through some difficult years for those early
workers in California. Presently, members of the agencies who were the core
group of "remote sensing" have graduated to more sophisticated methods and
still form the Core Group. The somewhat tangled history of remote sensing
in the Golden State provides the counterpoint against which new melodies are
now being cautiously played. In fact, the new melody seems to come from a
full symphony orchestra. The implications are more complex and diverse than
in any of the 14 western states and as such, deserve special consideration
and attention.

In the spirit of the national technology transfer program which NASA
inttiated 1n 1977, a decision was made in California to survey the status of
use of remote sensing in state and local agencies, federal agencies, univer-
s1ties and 1ndustry in the State. This survey has clearly defined what the
current projects are, who 1s involved and what future projects are under con-
sideration. The survey has also identified various problems that have been
encountered by those wishing to get involved with the technology itself and
at the same time pointed up the fact that critical mass approaches in Califor-
nia. The critical mass is due in part to some relatively uncomplicated fac-

tors.
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First, enough time has passed from the launching of Landsat I for a wide
and common knowledae of the earth resources satellite and its capabilities.
Many people feel more comfortable with the idea that satellites, including
weather and communications types, are with us to stay. There has been, quite
siply, time enough for acceptance of the fact that the man on the moon was
not the end of the whole program, and that it was only the beginning. Second-
1y, as the technology has matured, so has the thinking and reactions of the
people of California. It is, quite simply, a technology whose time has come.
What, then, are the prime indicators of this critical mass in California?

- a colorful, space oriented Governor.

- key appointments by the Governor, including his space advisor,

ex-astronaut Rusty Schweikart.

- creation, within the Governor's 0ffice of Planning and Research,
of a State Environmental Data Center. The purpose of the center
has been emphasized to be a clearinghouse for environmental data
vital to the work of State agencies. Further, 1t is to be a focal
point for State remote sensing activities. The Director of this
Center is Ms. Sally Bay Cornwell, forme?]y Remote Sensing Task Force
Director of the National Counci1l of State Legislatures.

- activation of the California Remote Sensing Council, fully acknow-
Tedged by the Administration as an advisory group on Remote Sensing
Affairs in California and composed primarily of the core group who
first initiated remote sensing activities in the State.

- wide, 1f scattered and isolated, use of remote sensing technology
within various agencies, universities, counties and entit;es in the
State.

- a wide range of remote sensing at universities, State Colleges and
community colleges. This 1ncludes education in basic theory and

applications.

Lrs™



- recent legislation that requires statewide resource inventory, assess-

ment, monitoring and updating and that have requirements best fulfilled
by use of remotely sensed data in the workplan, Further, certain legis-
lation has specifically indicated use of remote sensing technology for

jmplementation of work plans.

Inherent within the "critical mass" of California are several real pro-

blems which must be addressed. The user driven attitudes developing within

the State are bringing on a wave of interest that may well turn into a tsunami.

Properly addressed, the problems can well turn the State of California into

the most exciting and dynamic example of technology transfer yet seen in the

United States. The problems seem to fall quite naturally into major cate-

gories.

1)

2)

A Coordination Category. Indications are very strong that a unified

and coordinated approach must be powerfully supported by NASA Ames

Research Center. The indicators here are manyfold:*

- State and Federal agencies are becoming invoived in many isolated
and relatively small projects.

- Counties are becoming seriously involved in the use of remote sens-
ing, but generally relating only to County probiems.

- Universities through NASA contracts and grants are involved 1n
scattered projects with agencies ahd counties.

A1l these indicate that NASA may be expending dollars for similar

types of activities that should be integrated and coordinated for

better utilization of funds.

Personnel Resources and Training Category. The survey and other

indications show quite clearly that wider and more practical use
of remote sensing would occur if key personnel in State, Federal,
and local agencies were trained in the techniques of remote sensing.
This problem is one that reflects directly on NASA-ARC's capabt-

3
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3)

4)

1ity to respond to the new wave of interest in receiving and using
such training. The question that must be answered is whether NASA-
ARC will be able to properly support the stated desir;s of such
agencies to receive training and implement reﬁote sensing projects

in their agencies. This problem must be dealt with in both a budget-
ary and in-house personnel sense by NASA-ARC.

A User Needs Category. Strong indications are evident from all

sources of information that a statewide user needs survey is urgently
needed. This may be the place to begin.

Basic Information Category. This problem is one that has been re-

vealed quite recently. Due to the wave of interest, and critical
mass of the State of California, it now appears that transfer of
technology would be greatly facilitated by an: underlying, general
data base from which all projects could draw. This concept would
provide a single date classification of the 30 some Landsat scenes
that cover the state. The date of coverage, classification scheme,
computer processing and analysis would have to be agreed upon by
those known and potential users and tapes made available for further
classification according to individual agency needs.

Accomplishment of this task would fill the needs of both the State
and NASA-ARC in a host of ways. Primary among those is a more uni-
form and integrated approach to remote sensing projects, a uniform
product that would be readily accessible and more adaptable to the
computerized geo-based information systems now being started up all
over the state. Several counties, cities and agencies already have,
or are working on these computerized data bases and it is the intent
of all to incorporate classified Landsat data into these information

storage and retrieval systems.

4
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In conclusion, the indicators are clear. California, as a state appears
to be ready to accept the technology offered by NASA. The problems are ones
of coordination, personnel, training, identifying user needs and providing
basic information from which to draw. Within the existing selection of res-
ponse mechanisms to the stated conditions, and currently in use by NASA, the

ideal appears to be a California ASVT.
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REMOTE SENSING AND TECHNOLOGY TRANSFER PROJECT

TOM PARSONS
Diractor

MEMORANDUM
DATE: March 8, 1978

DBH-78-CGeneral
TQ: Dr. Dale Lumb ‘*
FROM: Donna B. Hankins ﬂlﬁé

Project Director
RE: California Plarning and Technology Transfer Model

in California

- - - - - - - - -

iscussions with re-
ges, Commumity Col-
Arc and industry
11ke to share
u1d be brought
1n California. As
e1 for transfer of tech-
ftentIOn must be given to

After numerous conferences, meetings and
presentatives of Unv1er51t1es State
Teges, agencies (State—]ocainFeder
throughout California for over

some thoughts with you as

into the existing chagf: ieﬁe af’a

you know, to cons udﬁég X ffﬂct}
nology within egi ﬁ

"where thm-s " pr actua1 initiation of any plans.
I beliape$ 3 4%$1t our way nearly around the elephant,
and are'y® iguring out trunk from tail. The en-
closed m& is a rough outline and statement of those

things I b e must be considered within the next few weeks

and months,” and represent the key problems that, once addressed
and resolved, will lead to an orderly approach to remote sensing
and techno?ogy transfer in California,

This document also represents the basic portion of discussions
held at NASA-ARC on Monday, March 6, 1978, between myself and
Sue Norman, and should serve as a pre11m1nary report to the
California Survey.

ce: Ben Padrick
obin Welch
Chuck Poulton
Phoebe Williams
Camie pytTer
Sue Noyman
Larry Fbx
Joe MWebster
Kamila Plesmid
Mike McCormick
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MAJOR ELEMENTS OF CALIFORNIA TECHNOLOGY TRANSFER

OUESTIONS, PROBLEMS AND RECOMMENDATIONS CONNECTED WITH THEM

[. Institutions of Higher Learning

A. University of California {Berkeley - UCSB - UCSD - UC Davis - U Cal
Riverside - Other)

1.

=

2.

6.

Most remote sensing in California happening through University Re-
search Centers!

Known "Centers of Excellence" in Remote Sensing are at the leading
edge of technology and should continue to be supported for these
activities in opinion of all.

“Chartered" to do research -- have research labs -- can successfully
interact with any entity "outside", in community, on contract.

Does this conflict with the WRAP philosophy? Is technology really
transferred? Is research often applied as well as basic leading to
Universities actually providing contractual services for agencies,
and entities? 1Is this a bad thing? How do we resolve the fine 12%6
between these activities?

NASA Headquarters and Center doliars often support conflicting and
duplicated university efforts yet NASA and other agencies do not
have easy access to or dissemination of the results of ﬁﬁése effarts
How is this to he resolved?

Need a s1ngle focal point in State -- one person.
!

B. California State Universities and Colleges (Humboldt State and olhers)

1.

T

Have very little real way to deal freely in the "outside" world
e ¥

Research facili1ties limited and sparse. Individual efforts to inte-

qrate and teagh remote sensing 1n various curriculum areas sive SRR

hampered but#ell underway despite problems. How do thece 14

get off&ﬁhe ground? Can we train professors at Ames? Ot w1 1.
un1vers1iy groups to train them? They could then go hack Eo ~Cha0is

:
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and integrate into existing curriculum areas, providing long-term
solutions to problems.

2. Most of these schools have no real way to interact with the commu-
nity. Their charter says -- must be "academically relevant.” One
mechanism is the Center for Community Development at Humboldt State
University--the only one of its kind in California. Present operating

charter could be expanded by legislation to include Technological Q/

Applications and Industrial Development Directorate -- if successful

in a pilot program, each State University could have a Center for
Community Development increasing potential for wider use of NASA (and
other) technology to solve community problems and enhance industrial
development.
3. Need a single state focal point -- one person.
Note: Both Universities and State Colleges are on elderly, 1imited com-
puter systems. Very few computers used for other than processing enroll-
ment, finances, payroll, etc, bxcepd v UC- j%fﬁﬁqﬁfﬁ& (s e phtae oo
Community Colleges (
1. Interest and charter to serve and interact directly with public, 1ndus-

try and agencies.

2. Usually have an astonishingly large budget to provide innovative

answers to community problems. Also have NEW computer systems.

3. Can develop "packages" or programs to order -- for outside entities,
i.e. curriculum development, teaching aids, workshop materials, etc.,
as well as actually provide the environment for a wide variety of
specialized voc/tech courses. May well fill a very definite and

. documented nged. Thev will need some support and lots of direction

From NASA: &
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California Remote Sensing Adyisory Council {CRSAC} noted at 1ts
charter meeting that they wﬂﬁ]d recommend a state civil service
position be instituted (via legislation) called Remote Sensing
Technician. The Community College can provide voc/technical

courses (short or medium Tong)} for a wide variety of individuals

_needing this "quick-training”, See Dr. John Russell, West Valley

College, Interim Campus, Santa Clara (246-8201). (I believe this

should be,vigorously pursued},

Note: See Nick Muhlenburg's Survey of Colleges and Universities,

California section, Peer by € got do

Y

II. California State Agencies {will be carefully documented by the forthcoming
California Survey).
A, Backdoor approach -~ whole state activities.

1.

3.
4,

b.
6.

Several agencies involved in Statewide surveys that can use or
wish to use remote sensing technigues.

.CDF - AB 452 - Statewide Forest Resource Inventory -_525K price tag
.£al Fish and Game - Statewide Wildlife Habitat Inventory - 200 K
.State Water Resources Control Board - "Clean Water" Study - 500K

price tag (from EPA)

- V=
LUSFS - Statewide Forest Maps - unknown price tag -3

Will these statewide studies be interactive?

Will they be properly supported by NASA?

Numerous Federal agencies heavily engaged in remote sensing activi-
ties;need to integrate activities with State Agencies.

Shou1d¥the agencies opt for remote sensing techniques?

Need tho or so focal persons in State.



B. Bits and Pieces Syndroﬁe (also documented by Calif. Survey)

1.

Many *agencies getting involved in small ways, small projects,

limited use of remote sensing techniques due to budgetary re-

'straints and lack of trained personnel.

Those same agencies have resource management problems that would
benefit from a regional or statewide approach versus bits and
pieces. 01d-line agency people have a “resolution" problem --
airplane versus satellite.

Need a top-level (Governor's Office or Secretary of Resources)
mandate to be able to develop a competent program for sensible
use of remotely sensed data in appropriate places -- a stated
need.

Numerous Federal agencies heavily engaged in remote sensing acti-

vities. Need to integrate activities with State agencies.

€. County Involvement

1.

This area continues to be of great potential for use of remote
sensing in solving local problems.

Mast County problems appear to require greater resclution capa-
bilities than currently exist in Landsat. A common thought is
that if the whole state were flown on a regular basis (every 3-5
years, for example) counties would use extensively (U-2 fiights).

Most counties need to unify efforts with other _countiges having

similar regional characteristics, i.e. No. Western California.
Coastal Counties -- 6 North Eastern Mountain -- Central Valley
Counties, etc., due to budgetary restraints, lack of trained per-

sonnel and Timited computer capabilities. Regional county asso-

‘Gijtions wolild have extensive use of Landsat data at existing

resolution.
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4. County concerns may be well approached through the mechanism
of the California County Supervisor's Association (CCSA), who
meet on a regular, regional basis and a few times a year on a
statewide basis.

5. There are already several California counties and communities
involved in intensive and highly sophisticated remote sensing
projects, i.e. Ventura, Orange, Sonoma, Humboldt (just getting
started), ABA6 (S.F. area), etc., that include construction of
computerized data bases, etc., in some cases,

6. The Counties need to establish a focal person within State ~--
drawn from CCSA.

Note 1: Both A, B, and C sections would benefit from a Statewide user-
needs survey coupled with assessment- of-existing data survey. Recommend

using the PNW User Needs Matrix for guidelines.

Note 2: A single focal point has been identified for remote sensing
activities in California -- Sally Bay Cornwell and the Environmental
Data Center.

Question: Can this focal point be truly coordinated with the needs of
California? Can "we" {universities, industries, agencies, NASA, etc.)
really support the functions of the Environmental Data Center and 1s
there a desire in the Governor's Office, Office of Resources, etc., for

thosé of us "out" in the State to do so? Must clarify this point soon.

*



111.

Iv.

Industrial Interaction.
A. Is industry being given a fair shake in the technology transfer
' scéne from NASA? |

B Is industry properly represented in planning for 14 western (or 50-
allover) states?

C. What can "they" collectively or singly offer to the technology trans-
fer model in California? Have "they" been approached yet to partici-
pate? Who is "they"?

D. Can industry really provide a better "deal" for some {or all) users,
than NASA?

Note 1. Many agencies dealing in remote sensing really do not want to

get involved with training a la WRAP -- would rather deal with industrial

or contractual services of some kind.

Note 2: 1 recommend that a strong, well versed individual, known for good

organizational and leadership capabilities from within aerospace industry

be obtained on an IPA to head up industrial Tiaison in 14 western states.

1 also recommend that this individual's initial task be to work within

California. A 1list of names of those persons interested can be provided.

NASA - Technology Transfer in California.

A. TIs NASA-ARC prepared to deal with the complexities of the California
Technology Transfer scene. Is our in-house act together?

1. Are the proper people on board to do the jobs needed? (civil ser-
vants and grant people)

2. Ate some people not yet CLEAR as to what the WRAP program is all
about? And their specific roles? Are guidelines available for
those who aren't clear?

: Note* 1 need to see the PLAN Westerlund is finalizing.

Yas



ANALYSIS NEEDED
SOORI! .. DEFINES
SKILLS—ID BE
TAUGHT 1

-

-

6.

IMPLEMENTATICN
MUST BE SOON!!

DEVELOP VARIOUS |

PRODUCTS AND
METHODS NEEDED
TO TRAIN

FOR! CONTIM-
QUS ASSESS-
MENT OF EFFEC-
TIVENESS

8.

B

Is everyone {every single last person) briefed on a regular basis

as dynamics of the situation change?

Are “civi?tservants" and grant people well integrated and working

side-by-side? If not, why not?

Have the real, hard-core problems of training people (who are to
get involved in WRAP demo projects) been addressed?

b.

Analysis made of need items -~ who is doing this?
Job task analysis -- who is doing this?
c.

How soon can implementation of #5 be instituted?

Training task analysis -~ specific peopie defining?

r-a. Develop competent training materials -- who will do?
b. Develop tests for them -- who will do this?
c. Selection of media and methods -~ who will do this?

d.

Le.

Conduct (inhouse) test instruction -- who will do this?

Conduct sample demo {outside) tests -- who will do this?

EVALUATION MUST |
BE PLANNED 7.

Are any evaluations (internal/external) planned for 5 and 6 above/
Have allover WRAP policies and guidelines been clearly defined (at
least for this next year?) Will the PLAN cover this so that anyone
can find quidelines in it, for their particular area of endeavor?

NASA Ames cognizant of the full complexities of the transfer program

in California and ready to deal with it? Is there a strategy developed?

pl

Is NASA Headquarters ready and able to respond to a well thought out

an for California? (i.e. ASVT plans, short and long-term budget needs,

etc.)

V.

The Political Scene - an overlay to other complexities.

A. The Governor's Office and his chosen people.

1.

Young, brilliant men and women mostly new to the political field,
rapidly maturing there, highly competent and extremely well-versed.
Responsive to state needs. Looking to those "out" in the State for

7 -
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help in the remote sensing scene? Perhaps. Mostly viewing, it as

a complex one, but working on their focal point and developing it

to accommo&ate a host of environmental data prob1ems.' Believe they
would be receptive to a well«thought out plan -~ a Straw Man approach
to support the Environmental Data Center and Sally Bay Cornwell,

B. The Governor's and R. Schweikart's apparent initial interest in satel-
lites is primarily communicatians satellite;. NOT Landsat. MNeeds clari-
fication, Communication satetlites are operational -~ Landsat is not --
political problem,

C. There is a strong use of NOAA/Weather Satellite Data in fisheries and
other resource groups in California ~~ is this area being overlooked as
being corollary to Landsat data? This question has been asked by
State people.

D. How does the California Remote Sensing Advisory Council (CRSAC) --
Sewing Bee group -~ fit in the picture? Composed of many people who
have been involved in earlier California attempts to "get into" remote
sensing, they have long memories and recall Earl Davis days with great
clarity. Appears that they wish to quide, advise, recommend, promote--
can be a vital source of information and assistance--but they also
state that a mandate from top levels is needed for use of remote sens-

ing technology in state aaencies to become a reality.

oy, W

CRIGINAL RAGE &
OF POOR QUALIT®
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SUMMARY AND RECOMMENDATIONS

The above 1jtems pdint uno a strong need for a California Remote Sensing Task

Force to resolve some of the most pressing needs and prepare a working plan for

the Governor's Office. Should members be appointed by Governor? Needs to be,

for effective work. Composition and Makeup: A small working group, can vary,

but initially should include representatives of:

*1.
*2.
*3.

*10.
*11.

12,

13.

14.

*15.

University of Califernia - 1 person, the focal person.

State Colleges - a focal person

Community Colleges ~ a focal person

Caiifornia Agencies - a focal person or two -- perhaps drawn from CRSAC?
Secretary of Resources or an alternate.

Sally Bay Cornwell - head up? FCommunications Division representative.
Industrial liaison - WRAP?

NASA-ARC WRAP person, non-industrial.

California Environmentalist - 77

NOAA-NESS Representative.

One or two Federal (major remote sensing users) agencies using remote
sensing in resource management in California.

Mike McCormick!! For sure!

One NASA headquarters person??

One person from California Regional Commission or Economic Development
Department.

One person drawn from California Board of Supervisor's Association.

Tasks and Responsibilities can include, typically:

1.
2.

Establish working relationships.
Ramrod user needs survey/existing user data survey - prepare "straw

man" plan for Governor's office.

*Persons identified who would consider serving qp such a Task Force.
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3. Back up and reconmend to State Environmental Data Center.
fy
4% Work with and respond to enquiries from legislators.

5" Provide a flow through and exchange of information.
Goals. Prepare a real workina plan for use of remote sensing in Califormia.

-Phases of activities. Start-up Note: Needs presentation to Governor's Office

prior to anything else. '

Start-Up 1. Meet for one or two get acquainted planning sessions -- two (2) day
sessions, one month apart.

2. Prepare plans and recommendations -- 1-3 months separately.

3. Meet for another 2-day session -- finalize working plan to submit to
Governor's Office. Plans would include recommendations for demonstra-
tion projects as well as use of remote sensing in agencies.

By End of 4, Present plan to Governor-1 day? Budget guidelines also.

6 months
5. Follow-up, as needed, based on response from 4.

L

Fnd 1st Year 6. Meet as needed, or once or twice a year to review status as dynamics of
@ Every 4-6

Mo. Thereafter state remote sensing activities demand.

until End 2nd

Year 7. Disband, if no longer needed OR

_ . SRIGINAL PRGE &
8. Continue with 2-year staggered terms. OF POOR QUALIT:#

9. Keep in touch via letter and phone.

1 recommend that the value of what is done by the Task Force and what it can
accomplish for the future be strongly emphasized. I would think that travel and
per diem support for these individuals could well be looked upon as an investment
by the aroups they represent.

Later as need for funding 15 demonstrated some assistance could be sought

I3

from a variety of sources.

10
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NASA PROPOSED STUDY OF REMOTE SENSING APPLICATION IN CALIFORNIA

OBJECTIVE

TECHNICAL PLAN:

MANAGEMENT:T

TO PROVIDE AN INTEGRATED APPROACH TO CURRENT REMOTE SENSING
PROJECTS IN CALIFORNIA WHICH ARE FUNDED BY NASA.

F

0 MAJOR TECHNICAL AREAS WILL SUPPORT FORESTRY, AGRICULTURE, RESERVOIR STUDIES,
LAND USE, AND WATERSHED MANAGEMENT.

0 PROJECTS REPRESNETATIVE OF ALL USER/TECHNICAL DISIPLINE COMBINATIONS
WILL BE INCLUDED.

0 PROPOSED USERS WILL INCLUDE COUNTY, STATE, AND FEDERAL AGENCIES AS WELL AS
REGIONAL GOVERNMENT ASSOCIATIONS

@ DATA BASE INTEGRATION WILL BE A KEY OBJECTIVE OF THE STUDY

0 A TASK FORCE WORKING GROUP, CHAIRED BY THE STATE ENVIRONMENTAL DATA CENTER
REPRESENTATIVE AND COMPOSED OF MEMBERS OF ALL AFFECTED USER GROUPS WILL BE
FORMED.



zeh

TASK FORCE WORKING GROUP

FRAMEWORK:

STATE-ENVIRONMENTAL DATA CENTER (1)

STATE LEGISLATURE - ASSEMBLY (2)

STATE LEGISLATURE - SENATE (2)

STATE BOARD OF COUNTY SUPERVISORS (1)

FEDERAL USER AGENCY (1)

REGIONAL GOVERNMENT ASSOCIATTIONS
ABAG (1) [umirs — 7
SCAG (1)

COUNTY (1)

STATE
OFFICE OF SECRETARY OF AGRICULTURE AND SERVICES

DEPARTMENT OF FOOD AND AGRICULTURE (1)
OFFICE OF SECRETARY OF RESOURCES
DEPARTMENT OF FORESTRY (1)
OTHER (1)
NASA-ARC (1)
UNIVERSITY (1)

STATE COLLEGE (1)
CHAIRMANSHIP
ENVIRONMENTAL DATA CENTER



CAL EDC

USES b NASA
U.S.FS  CAL LEG
PRI.IND. = ~ CDFA
UNIV | | CSRA
SKAG | —| ABAG
CAL COAST }= ! TRINITY
COUNTY COUNTY
TASK FORCE

COUNTY REGIONAL STATE -
PROJECTS PROJECTS PROJECTS

POSSIBLE FRAMEWORK

for TASK FORCE WORKING GROUP
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DATA BASE INTEGRATION

THE STATE OF CALIFORNIA IS IN THE PROCESS OF DETERMINING AND COORDINATING ENVIRONMENTAL DATA NEEDS THROUGH
THE EDC. A PORTION OF THESE DATA NEEDS WILL RELATE TO REMOTE SENSING. THESE NEEDS WILL BE USED AS A BASIS
FOR REMOTE SENSING DATA WITHIN THE STATE AND WILL HELP FOCUS AND 6IRECT NASA FUNDED REMOTE SENSING ACTIVITIES

IN CALIFORNIA.

THE TASK FORCE CONCEPT WILL SUPPORT THE EDC ACTIVITIES IN REMOTE SENSING BY:
PROVIDING A COMMUNICATION NETWORK AND A FOCUS FOR THAT PART OF THE EDC ACTIVI
RELATED TO REMOTE SENSING.

SINCE LEGISLATIVE SUPPORT IS REQUIRED FOR FUNDING, INCLUDING LEGISLATIVE REPRESENTATIVES AT THE INITIATION
OF THE REMOTE SENSING PROJECT TASK FORCE WILL ALLOW TRANSITION TC A SMOOTH OPERATIONAL STATUS.

THE PROPOSED NASA CALIFORNIA ASVT WILL SUPPORT THE EDC'S ROLE AS A FOCUS FOR INVIRONMENTAL NEEDS BY:
COORDINATING THE EXISTING FRAGMENTED ACTIVITIES CURRENTLY ON-GOING IN REMOTE SENSING AND BY
PROVIDING A FOUNDATION TO FOCUS AND COORDINATE NEW PROJECTS WITHIN REMOTE SENSING

AS THE EDC PROCEEDS WITH COMCEPT FORMULATION AND USER NEEDS ASSESSMENT, THE TASK FORCE FOR THE NASA PROPOSED
ASVT WILL SIMULTANEOUSLY 1) FOCUS THE ON-GOING PROJECTS 2) ASSURE THAT THESE ON-GOING PROJECTS WILL BE
RESPONSIVE TO THE CONCEPTS FORMULATED BY THE EDC 3) ASSURE THAT ANY ADDITIONAL PROJECTS FUNDED WITH THE
ASYT WILL BE CONSISTENT WITH, AND RESPONSIVE TO, THE GOALS FOR THE STATE EDC SINCE A MAJOR OBJECTIVE OF

NASA PARTICIPATION IS TO SUPPORT USER NEEDS.



DATA BASE

ININIVYL
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yrbon encroochment of prime ogriculturel londs, and forest
reserves Even though the Lendsat progrom was still considered
experimental, o number of states began wing it to address theirr
problems As budgets become even tighter ond states need even
more cost-effective approaches to data gathering, Londsat 1s
ropidly becoming a necessity to safisfy federa! demonds for
more informotion from states. Yet, Corter blondly assumes
there 15 no gpparent need for this technology. Apporently the
concerns expressed by Governor Brown, os well os Governor

Lamm (Colorado}, Governor Busby (Georgia), and others have
fallen on deof ears.

Congressional Action
Senators Adlar E. Stevenson, Hl (llfinois) ond Harrison H.

STATE NEWS

CERIS Tl Force Forming

The National Aeronautics ond Space Admimstration {NASA) has
established the Colifornio Integrated Remote Sensing System
{CIRIS) for fiscal year 1978-79 to be monaged by a task force
chaired by the director of the Environmenta} Data Center.

The CIRIS Task Force will work toword integrating county,
regional, ond state remote sensing projects ond data neads, [t
will provide technical and administrative support required for
efficient project monogement and establish guidslines for
future projects.

CIRIS has broad suppert in Celifornic ond will seek assistonce
from many agencies. The California Legislature will provide
{sgislotive support,  The Environmental Data Center will
represent state users and provide technical cssistance on dato
structures, ntegration, ond compatibility. California state,
focal, dnd regional governments will represent users. They will
set priorities ond fest the feasibility of different operations.
The University of Californio ond the California State Colleges
and Unyversity System will provide technical advice on remote
sensing technology and will provide traiming ond support n
information systems and dota structure. The National Aerc-
nautics and Space Admunistration-Ames Research Center will
administer the project and provide general technical support,
The U.S. Geslogical Survey will take the lead in digitizing end
siructuring informaticn systems ond lond use dota. Finally, the
ULS. Forest Service will offer assistance In acquiring data and
establishing datd structures.

N— ——

o af b vy of wnenkd re o Judde b esibisties o iranework
for a worldwide information system, on orbital civilization,
exploration of the solar system, ond the development of other
space achivities to preserve and expand U.S, leadership In space.
Schrmtt's first space policy implementation bill, 5,354, colis for
developing solar power sateliites.

While the Spoace Policy hills are similar ond likely to be
combined, the statef/local need for o remote sensing information
system clearly rests on the {ate of 5.3589, To help secure its
passage, the remote sensing users in Cahfornia should contact
their tegislators ond encourage those in other states to do
likewize. For further information, contact Sally Bay Cornwall,
Environmental Data Center, ($16) 322-3784 or Jim Gehnig, U.S.
Sengte Commitiee on Commerce, Science, ond Transportation,
Washington, D.C. 20510.

Private industry will provide technical support on ondlyzing
remote sensing systems, evaluating different opprosches, and in
developing dato bose concepts. Private compomes plan to
establish on advisory group to coordinate their efforts, with the
Chairman as member of the CIRIS Task Force. Additional
group representatives may be odded to the Task Force, if

For further information contact:

Sally Bay Cornwell
Environmental Data Center
{916) 322-3784

Interim Data Catalog Soon Avcilable

The Environmental Data Center's interim catalog of state
ogencies will be avaitable on Jonwary 2, 1979, 1t lists kinds of
data by state cgency, indicating whether the agency is a user or
<':;I7!;ctor. The final state data catalog will be published 1n June

The entire cataloging 15 now gpproximately 75% complete; six
agercles have been cataleged. EDC staff are currently working
with the Departments of Food ond Agriculture and Water
Resources to enter their data holdings.

If your agency would like to receive a copy of the interim data
catalog or to have its dota entered, plaase contact:

Timothy R, Hays
Environmental Datg Center
{916} 322-3784
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PROPOSED FIRST YEAR (FY 79) CIRSS ASVI FUNDING
SUMMARY
OCTOBER 23, 1978

o PROPOSED FUNDING - FY 79 TOTAL  $145K
o FAJOR EMPHASIS
- VERTICAL DATA INTEGRATION METHODOLOGY

(STATE, REGIONAL, COUNTY GOVERNMENTS)

- PRACTICAL DEMOMSTRATION IN THE FORESTRY DISCIPLINE AREA AT SEVERAL LEVELS
OF GOVERNMENT

o CURRENTLY THERE IS SUBSTANTIAL USER COMMITMENT



FIRST YEAR APPROACH

- FIRST YEAR IS LARGELY A PLANNING AND STUDY YEAR WITH DEMONSTRATIONS
[N FORESTRY

- THESE PLANNING EFFORTS CAN LARGELY PROCEED IN PARALLEL
- EDC WILL COORDINATE AND CHAIR THE CALIFORNIA TASK FORCE
&

- EDC WILL INITIATE AND GUIDE FORMATION OF THE INDUSTRY ADVISORY GROUP

~ DOCUMENTATION, APPROPRIATE FOR USE BY OTHER STATESWILL BE PREPARED



LET

CONCEPTUAL APPROACH
INFORMATION INTEGRATION METHODOLOGY EXAMPLE

AS THE INTEGRATED DATA BASE
CONCEPT IS DEVELOPED, IT MAY

BE POSSIBLE TO ACHIEVE TECHNOLOGY ~
TRANSFER TO SEVERAL LEVELS OF
GOVERNMENT AT THE SAME TIME

VENTURA COUNTY

COUNTY NEEDS STATE NEEDS
. = DATA FOR ENVIRONMENTAL IMPACT STATEMENTS - RESOURCE SPECIFIC INFORMATION
- LAND USE/COVER - DATA SUMMARIES BY COUNTY, MATERSHED
- SOILS - LAND USE/COVER
- GEOLOGY - TERRAIN DATA

- £1C, ETC.



APPENDIX IX

Documentation: Examples of Training Courses Given by WRAP
staff (Moffett Field staff)

* Summary Report - "Hawaiian State and County Agency Personnel
Training Course" August 1978

* Symmary Report - "Training for Montana Demonstration Projects®
August 1978
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Amencan Indian Communities

TV Project

American Indian
Languages and Literature
Program

Community Education
Project

Humboldt Co
Recreation Project

tndian Mamstream
industries Project

Kotim Een Karuk
Ceremomal Society

Mults-Cultural Education
Project

N AS A Remote Sensing
Technology Transfer
Project

MNational Amencan Indian
Repertory Theatre Project

Northern Calsifornta Health
Systems Agency Support
Project

Redwoods Community
Development Council
Project

Wood for Serors
Project

THECENTER FORCOMMUNITY DEVELOPMENT

HUMBOLDT STATE UNIVERSITY
Graves Bidg, {(No 25) Graves Annex Bldg (No 30)

ARCATA, CALIFORNIA 95521 —- TEL.  (707) 826-3731 (2,3)

TOM PARSONS

Dhrector

SUMMARY REPORT

HAWAIIAN STATE AND COUNTY AGENCY
PERSONNEL TRAINING COURSE

SPONSORED BY
NASA AMES RESEARCH CENTER

SUBMITTED BY:
ROBIN I. WELCH

DIRECTOR,
USER ASSISTANCE
WESTERN REGIONAL APPLICATIONS PROGRAM

AUGUST 1978

IN COOPERATION WITH CALIFORNIA'S NORTHWEST COUNTIES

oH



TRAINING REPORT

HAWAITAN STATE AND COUNTY AGENCY
PERSONNEL TRAINING COURSE

Dates & Location:

First week — Universaity of California, Berkeley
November 7-11, 1977

Second week - NASA Ames Research Center
November 14-18, 1977

Persons Attending:

Patrick Costales - Department of Land & Natural Resources

Norman Hayashi — County of Hawadi

Abe E. Mitsuda -~ Department of Planning & Economic Development
Michael T. Munekiyo — Department of Planning & Economic Development
Robert H. Nagao — Department of Agriculture

Edwin Petteys — Department of Land & Natural Resources

Richard Scudder — Office of Environmental Quality Control

First week instruction - Held at Unaiversity of California, Berkeley, under
contract to the University (see attached Class Schedule). Instructors

included Humboldt State University Foundation persomnel and University
of California, Berkeley personnel.

Second week instruction — Held at NASA Ames Research Center (see attached
Class Schedule).

Materials Provaded:

Syllabus prepared by University of California, Berkeley. Data products
at Ames Research Center.

Training Plan:

Training dealt primarily with satellite and aircraft data. The first week
presented the basics of remote sensing data collection and processing
technology that will be used in the Hawaii demonstration projects. The
second week provaided hands-on training on the use of computer digital data

iy



Training Report/Hawaii

Training Plan (Continued)

processing of Landsat data supported by U-2 data of part of the Island

of Qahu. The group was introduced to several types of digital processing
hardware and methods that may be used in the demonstration projects being
planned for Hawaii.

The WRAF staff provided further technical assistance in planning for demon-
stration projects during several visits to Hawaii.
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Monday, November 7, 1977 124 Mulfoxd Hall

8:00 Introduction, Course Schedual, Issue of Syllabus
and Equipment.

8:45 History of Rewmote Sensing.

10:00 Coffee Break.

10:15 Multimedia Presentation at Lawrence Hall of
Science. i

11:30 ° Field Stop at Lawrence Hall of Science overlook.

12:00 Lunch.

1:00 Principles of Remote Sensing (Part I).

2:00 Coffee Break.

2:15 Problem Set-Photo Mission Planning, Photo Scale.

5:00 Adjourn.

Tuesday, November 8, 1977 124 Mulfoxd Hall

8:00 Principles of Remote Sensing (Part II).

10:00 Coffee Break.

10:15 Sources of Remote Senéing‘Data'and-Assistance:-

10:45 Image Interpretation Techniques and Procedures
(Part I).

12:00 YLunch.

1:00 Photo Measurepent Procedures.

2:15 Iinventory Design and Sampling.

3:00 Coffee Break.

3:15 Remote Sensing in Resource Information/Management
Systems.

4:30 Quiz.

5:00 Adjourn.

eff

Welch and Da

Daus

Daus

Daus

Daus

Welch

Daus

Daus -

Xatibah

Daus

Thomas

Thomas

Daus



Wednesday, November 9, 1977 124 Mulforxrd Hall

10:00

10:15

12:00

1:00

2:00

5:00

Thursday,

8:00- "~
5:00

7:00

Photo Interpretation Techniques and Procedures
(Part II).

-

Application of Remote Senszng to Agriculture,
Change Detection, Forestry, Hydrology, Land
Use and Range. -

Coffee Break.

Application of Remote Sensing to Coastal Zone
Resources, Non-Point Source Pollution and Erosion.

Lunch.

Interpretation Workshop (San Pablo Reservior Test
Site). '

Field Trip to San Pablo Reservior Test Site.
Adjourn.

Reading Assignment

November 10, 1977 124 Mulford Hall

Day "Long Field Trip to Potrero Hllls, Lodi, Stocktion,
Sunol and Hayward.

8:00 Field Study of Aerial and Space Photos
of Potrero Hills Amticline.

9:00 Field Study of Dryland Agriculture, Vegetable
Crops and Vineyards.

10:00 Toffee Break.
10:15 Study of Orchard Crops and Urban Development.

12:00 Lunch.

1:00 -Study of Thermal Infrared and Radar Imagery
(Part I3}.

2:00 Coffee Break.

3:15  Study of Thermal Infrared and Rzadax Imagery
(Part 1I).

5:00 Return to Berkeley.

No-Host Dinner at Spengers Restaurant in Berkeley -

5™

Colwell

Colwell

Estes

Colwell

Colwell

Colwell



. Friday, November-31;-1977--~ © 124" Mulford Hdil/ZéD_Space—Sciences Lab__

8:00 Optical and Electronic Enhancement of Remote Katibah
Sensing Imagery.

9:00 Use of Densitometer, Adcol and VP-8 Image Analyzer. Colwell

10:00 Coffee Break.

10:15 Computer Assisted Analysis Techniques. Daus
12:00 Lunch.
1:00 Demonstration of User-Interactive Display and Daus

Data Manipulation Terminal and IGOR. «

2:15 Socio/Economic Implications of the Use of Remotely Shaxp
Sensed Data.

3:00 Coffee Break.

3:15 Course Summary. Welch, Colwell
and Daus

4:00 Quiz.

5:00 Adjourn.

Thursday, November 17, 1977 260 Space Sciences Laboratory
12:00 — Use of Usexr-Interactive Display and Data
Manipulation Daus

5:00 - Terminal -

IIT. BRBiographical Information

Following are brief biographical sketches of the RSRP
personnel-involved.to._a. major extent in the proposed course.

e/ €



MONDAY, NOVEMBER 14:

HAWAII - REMOTE SENSING WORKSHOP
2nd WEEK - NOVEMBER 14-18
AT AMES RESEARCH CENTER
MOFFETT FIELD, CALIFORNIA

8:30 A.M.
9:00 A.M.
9:45 A.M.
10:00 A.M.

12 NOON
1:00 P.M.

3:30 P.M.
4:30 P.M.

Welcome to Ames Research Center - ARC Center Director

General overview of weeks activities

BREAK
Introduction to computer processing of Landsat Imagery
- Editor
- Video Interactive Systems
IDINS
System 101
Image 100
ETC.

LUNCH
Introduction to Hardware

- Edijtor

- Interactive Image Display System
Tour Data Facility

Adjourn for Day
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TUESDAY, NOVEMBER 15

8:30 A.M. Preprocessing of Landsat Image Tapes prior to
Computer Classification

- Image Registration

- Geometric Correction

- Control Points

- Noise in data

- Clouds

- Training Set Selection

(9:45 -~ 10:00 BREAK)

11:00 A.M. General Discussion

11:30 A.M. LUNCH

12:45 P.M. Laboratory Demonstration of morning session

4:30 P.M. Adjorn for Day



WEDNESDAY, NOVEMBER 16

8:30 A.NM, The Editor Image Analysis System
: .How to Use it

(Detailed Discussion of Afternoon's Activity)

(9:45 - 10:00 A.M. BREAK)

11:30 A.M. LUNCH

12:45 Laboratory Demonstration and Handton Training
- Logging on

Selection of Window
Establishing Spectral Signatures
Clustering (unsupervised)

Guided Clustering

Editing Spectral Signatures
Classification of Window
Display of Classified Window

agi



THURSDAY, NOVEMBER 17

8:30 A.M. The Interactive Image Display System
How to Use it

{9:45 - 10:00 A.M, BREAK)

10:00 A.M. .. Demonstration
Sampie Problem

11:30 A.M. LUNCH

2:00 P.M. University of California - Berkeley
Demonstration of Image Analysis System

4:30 P.M. Adjourn for Day

4&;&



FRIDAY, NOVEMBER 18

8:30 A.M. Post Landsat Image Classification Analysis
- Data Aggregation
- Displays
-~ Classification Accuracy
T (9:45= 10:00 A.M™ ~ BREAK)
11:30 AN LUNCH

12:45 P.M. Wrap-up Session
- Critique
- Additional Training
- QOther?

2:30 P.M. Tour of Ames Research Center

~6+00--M. FnatBatquet
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TRIP REPORT

MONTANA TRAINING PROGRAM

Montana State University
Bozeman, Montana

Dates: June 12-15, 1978

Persons Attending:

John Andrews

David W. Armstrong III
Steve Aster

Ray Breuninger

George Cawlfield
Robert A. Clark

R. Thomas Dundas, Jr.
Ray Gavlak

Randy Holm
Brian Long

John E. Montgomery
Val Morgan
Larry €. Mumn

Gary Rogers
John E. Taylor

Phalip Threlkeld

Montana Department of Natural Resources
& Conservation

Montana Department of Apriculture

Montana State University

Montana Department of Natural Resources
& Conservation

Montana Department of Natural Resources
& Conservation

Montana Department of Natural Resources
& Conservation

Montana Department of Communaty Affairs

Department of Plant & Soil Science,
Montana State University

Montana Department of Community Affairs

Division of Forestry, Montana Department of

Natural Resources & Conservation
Cascade County Planning
Revenue — Property Assessment
Department of Plant & Soil Scaence,
Montana State University
Montana Department of Community Affairs
Range Science Department, Montana State
Unaiversity
Montana Department of Natural Resources
& Conservation

NASA-Humboldt State University Foundation Attending-

Don Card
Bob Wraigley
Robin Welch

Materials Provided:

Class notes

Landsat photographs, approx. SE Y% frame of Scene Nos. 1750-17354 of

21 September 1974

U-2 photographs, Flaght #72-125, Frame Nos. 1753, 1754, 1755, 1756 of

26 July 1972
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Trip Report/Montana Training Program 2

Materials Provided (Continued)

Black & White photographs, 1:20,000 scale, 196465, Frane Nos.
NE-4FF-191, 192, 193; CXK-8EE-20, 21, 22; CXK-2EE-89, 90, 91;
C¥X-1EE-96, 97, 98

Textbooks:

Remote Sensing: A Better View — Robert D, Rudd

Everyone's Space Handbook - Dick Kroeck

Remote Semsing: Principles and Interpretation — Floyd Sabins (loaned for
the course only)

Class Schedule:

Classroom lectures and field trips related to exercise on photo inter-
pretation and training site selection in the Galatin Valley area were
given. (See attached Class Schedule.)

Students were given a land-use classification exercise using a multistage
photo interpretation approach with Landsat, U-2 and conventional black—and-
white aerxal photography. A preliminary field trip was made for familiari-
zation with various environmental classes in the exercise area. Photo
interpretation was performed for selecting computer training sites and
classifying land-use in selected field sites.

A follow~up field trip was made for the purpose of verifying laboratory
interpretations and collecting ground truth data.

Travel Arrangements:

Travel to and from Bozeman was by private aircraft. All class materials,
texts and data products were carried in the aircraft. A photo and obser-—
vation flight was made to Flathead Lake, Montana, for data collection an

preparing for the Montana Department of Fish and Game training course to

be given August 22-25, 1978 at Yellow Bay Biological Station, University

of Montana (Flathead Lake).

w5t



National Aeronautics and
Space Administration

Ames Research Center
Mofiett Field, California
94035

TRAINING FOR
MONTANA REMOTE SENSING DEMONSTRATION PROJECTS
Conducted at

MONTANA STATE UNIVERSITY
Bozeman, Montana

June 12-16, 1978

by

Montana State University

Humboldt State University
Arcata, Califorma

NASA - Ames Research Center
Moffett Field, Califorma
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Introductory Material for
AGENDA--TRAINING FOR MONTANA DEMONSTRATION PROJECTS

to be conducted at

MONTANA STATE UNIVERSITY
Bozeman, Montana

June 12-16, 1978
by MSU Staff and Personnel of

NASA-Ames Research Center
Moffett Field, Califorma

Basic Plan

Cover or reyiew background, theory and basics of both visual photo inter-
pretation (PI) and digital data analysis.

Develop three or four laboratory problems for PI analysis of state-of-the-

art photographic LANDSAT imagery and aerial photo stereo models from within
the same area. Include some field time in the laboratory exercises.

Training Objectives

Prepare demonstration project personnel to step into more detailed training
in computer analysis techniques at NASA-Ames in July, and to understand the
basic procedures so they can learn other systems of digital analysis.

Give enough training in visual interpretation, ground truth and verifica-
tion methods so that trainees can independently handle these support
activities and use visual interpretation methods when appropriate.

Provide a good appreciation and understanding of remote sensing as an inte-
grated system of materials and techniques.

Anticipated Spectrum of Participants

Participants will probably include both administrative-management or decision
makers and technical or support staff persons. In addition, MSU has requested
participation by up to six professors who are in a position to include or
strengthen remote sensing elements 1n their university courses.

Demonstration Projects

Three of the four demonstration projects specifically mention an aerial Qhoto
and photo interpretation element 1n the project plan. All projects specify



Introductory Material... ?

one or more levels of information that may be most feasibly obtained from aerial
photography. In addition to thi1s, we wish to always convey the philosophy

that the most effective use of LANDSAT imagery, whether by visual PI or digital
analysis, 1s realized when some conventional aerial photography support is
available as an information source.

The four demonstration project proposals also list subjects of interest where
the most feasible approach is through an initial visual interpretation and
stratification of the LANDSAT images followed by in-depth computer analysis.
Thus, this training program has been planned with the idea of covering or
reviewing, as necessary, the fundamental principles of visual interpretation
and giving an opportunity through laboratory exercises to rather completely
simulate, through visual image analysis, what wil] subsequently be done by
digital computer analysis in the ARC follow-on training sessions and in the
demonstration projects themselves.

Follow-on Workshops

Subsequent to this training session, follow-on workshops for smailer groups
will be conducted at the NASA-Ames Research Center to provide specific in-
depth training in appropriate software systems for LANDSAT data analysis.

The Taboratory problems for the in-state training session include the southern
scene area of the demonstration projects. As such, its visual analysis will
provide valuable background for some of the more detailed work to be carried
out at Ames. In summary, then, THE GOAL of the in-state training session is
to carry out their roles in ensuring success of the demonstration projects
and, at the same time, to prepare a smaller technical staff of analysts to
move successfully through the intensive training at Ames.

The agenda for the in-state training session at Montana State University,
Bozeman, 1s shown 1n the accompanying table.
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MONTANA DEMONSTRATION TRAINING PROGRAM

AGENDA
Time Subject Instructor,
MONDAY, June 12:
9:00 a.m. Welcome to MSU Professor Ted Williams
Interim Vice President
for Research
9:15 a.m. Course Introduction C. E. Poulton
9:30 a.m. Remote Sensing, What It Is C. E. Poulton
g:40 a.m, Generalized Work Flow in Remote Sensing C. E. Poulton
10:00 a.m. Coffee Break
10:15 a.m. Basic Physics, Matter and Energy R. I. Welch
12:00 Noon Lunch
1:00 p.m. Remote Sensing Systems R. I. Welch
1:50 p.m. Visual Image Interpretation, Basics J. M. Ashley
and Principles
3:00 p.m. Coffee Break
3:15 p.m. Image Familiarization and Two Interpre- J. M. Ashley

tation Exercises with Discussion and
I1lustration of Principles

Complete formal coverage of principles,
photo geometry and methods of interpre-
tation with hands-on perusal of LANDSAT
1:250,000, 1:1,000,000, U-2 CIR 1:120,000,
B&W 1:20,000

7:00 p.m. Purdue Self-Learning S1ide-Tapes Available
for Independent Review and Study



MONTANA DEMONSTRATION TRAINING PROGRAM--AGENDA

Time

Subject Instructor

TUESDAY, dune 13:

8:00 a.m.

12:00 Noon

Field Laboratory - Three Forks Area, Staff
Work with Aerial Photography, Highflight
CIR, Satellite Image CIR

Weather Permitting, Discuss Legend, Mapping €. E. Poulton

and Ground Truth Methods
Any Necessary Wind-up on PI Procedures J. M. Ashley

Lunch, Brown Bag to Field

1:00 p.m. Numerical Analysis of MSS C. E. Poulton
2:00 p.m. Digital Analysis Flow, Input-Output R. €. Wrigley
Functional Capabilities,
Hardware, Software
3:10 p.m. Coffee Break
3:25 p.m. Steps and Alternatives in Digital Data R. C. Wrigley
Analysis
7:00 p.m. Purdue Self-Learning Slide-Tapes Available for
Independent Review and Study
WEDNESDAY, June 14:
8:00 a.m. Conclude Steps and Alternatives in Digital R. €. Urigley
Data Analysis
9:00 a.m. Screening and Ordering of LANDSAT C. E. Poulton
9:30 a.m. Roles of Various Groups in Advice and C. E. Poulton
Assistance
9:50 a.m. Coffee Break
10:15 a.m. Initiate Comprehensive Lab Work, LANDSAT Staff

Stratification and Interpretation In
Multistage Mode using Highflight CIR and
Conventional B&W Aerial Photography for
Support

4.5y



MONTANA DEMONSTRATION TRAINING PROGRAM--~AGENDA

Time

Subject

WEDNESDAY, June 14 {Continued)

12:00 Noon

1:00 p.m.

7:00 p.m.

Lunch

Laboratory Probiem with LANDSAT Strati-
fication and Interpretation -- Continue
with Discussion and Questions to Staff

Purdue Self-Learning Slide-Tapes Available
for Independent Review and Study

THURSDAY, June 15:

8:00 a.m.

10:00 a.m.
10:15 a.m.

11:30 a.m.

12:00 Noon

1:30 p.m.

7:00 p.m.

Mathematics and Statistics of Classifi-
cation and their Intepretation

Statistical Sampling, Muitistage and
Multidate Methods

Statistical Verification of Classification
Coffee Break

Laboratory Problem, Working with Line
Printer Data and Statistics--Probably
Based on Spokane Windows

User Awareness Interview - Explanation

and Scheduling Interviews through
Afternoon

Lunch

Continue Lab Exercise with Discussion
and Questions & Answers to Staff

Purdue Self-Learning Slide-Tapes Available
for Independent Review and Study

4o

Instructor

Staff

H.

@I

Card

Card

. Card

. Wrigley &

Card

. Witliams

Wrigley &
Card



MONTANA DEMONSTRATION TRAINING PROGRAM-~-AGENDA

Time Subject
FRIDAY, June 16:
8:00 a.m. Field Verification of LANDSAT Stratifi-

cation Interpretation and Training
Area Selection Exercise

12:00 Noon Lunch, Brown Bag to Field

1:00 p.m. Wrap-up Discussion - Evaluation of
Laboratory and Field Problems - Ciear up
any Questions these Exercises may have
Raised

3:00 p.m. Plans and Schedule for Follow-on Training

3:30 p.m.  End

Ll

Instructor

Staff

Staff

R. C. Wrigley



TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Basic Subject Matter Qutline -- Remote Sensing Applications

The staff at NASA-Ames Research Center 1s in the process of developing
a comprehensive outline of the information that people need to know
when embarking on a LANDSAT or other related remote sensing demonstra-
tion project. Our present draft of this evolving outline follows.

It 1s intended that this outline will be beneficial to you as a pre-
view of most of the topics that will be discussed or demonstrated in
this training session. As you compare 1t to the agenda, you will note
that the order 1s sometimes changed to accommodate available blocks of
time and the schedules of the instructors. You will also notice that
all of the topics 1n the outline are not included in this short-course.
We have selected those that availabie time and the nature and'goals of
your four demonstration projects allow. We hope that time will confirm
that we have made an acceptable compromise.

While you can find an endless variety of views on how the learning of
essential remote sensing background and technological skill should pro-
ceed, we feel this outline does have a highly practical or operational
orientation and that you will find 1t of some use in your own program
of supplemental reading, study and self-learning. We hope that this
course will have given you the necessary review and the essential new
knowledge to start you on the road to complete success and satisfaction
with your 1ndividual roles in the Montana Demonstration Projects.

If, near the conclusion of the course, you have suggestions for the

improvement of this outline, they w11l be received with appreciation
and be given serjous consideration as future 1terations are prepared.

6 Qe



11 May 1978; CEP
w/contributions by
Briggs & Wrigley

A SUBJECT MATTER OUTLINE

Potential Information for Inclusion in
Remote Sensing Courses or Curricula

General Introduction {specific to each training course)

1.1 Summary, discipline and information needs, user interest omentation
1.2 Goals and objectives

1.3 Scope, content and instruction methods

1.4 Course agenda and time table

Remote Sensing; What it 1s, the Integrated System Concept

The Basic Physics of Remote Sensing, Matter and Energy Relationships
3.1 The electromagnetic spectrum and remote sensing windows

3.2 Physical concepts and theory

3.3 The spectral basis of remote sensing

Remote Sensing Systems, Photographic and Imaging; Active and Passive;
Characteristics, how function; Advantages and Limitations; Examples
4.1 Photographic sensors

4.2 Multispectral scanners; airborne, satellite borne

4.3 Side-1ooking airborne radar, SLAR

4.4 LANDSAT return beam vidicon, RBY

4.5 Thermal, heat capacity mapping

4.6 Future systems, refinements and modifications

Generalized Work Flow i1n Remote Sensing Applications, Design of an Integrated
System for Information Acquisition, the Multi-concepts

Determination of Information Classes
6.1 Ground truth methods and data/information requirements

6.2 Legend development techniques and guidelines--Taxonomic Legend--hierarchical
vs. single level; methods of formulation

6.3 Mapping and cartographic concepts--Mapping Legend--delineation, identi-
fication, information transfer techniques



A Subject Matter Outline 2

7. Concepts and Principies of Interpretation and Analysis

E 7.1 Visual image interpretation
7.11 Photo and image geometry; scales, displacement and mensuration
7.12 Problems of displacement, geometric and spectral correction

7.13 Criteria and methods of visual interpretation; stereo viewing;
tone, color, texture, etc.; convergent and associated evidence;
enhancement; densitometry; comparative analysis

7.14 Photo interpretation keys and aids
7.15 Special techniques for CIR, thermal and multispectral imagery--
ajrcraft and LANDSAT
7.2 Numerical analysis of multispectral data--basic theory
7.21 Classification in multidimensional space, basic theory
7.22 Supervised vs. unsupervised approaches

7.23 How ground knowledge, conventional data sources and supporting
imagery are used

7.24 Nature of computed results and output products

8. Digital Analysis Systems and their Effective Use

8.1 Flow of analysis, input to output; generic and for typical applications,
e.g., forestry, range, water, agriculture

8.2 Functional capabilities of hardware, overview
"8.21 Interactive systems
8.22 Batch systems
8.23 Digitizers and plotters
8 3 Functional capabilities’ of software, overview and examples
8.31 IDIMS and System 101
8.32 TENX EDITOR and ILLIAC
8.33 VICAR/IBIS
8.34 ERL/SEC-32
8.35 LARSYS
8 36 Other
8.37 Comparative strengths and weaknesses

9. Steps and Alternatives in Digital Analysis
3.1 Preliminary processing and correction, preprocessing for analysis
9.2 Traiwning the classifier
9.21 Selection of training sites
9.211 Criteria (size, spectral character)

Lo



9. Steps and Alternatives in Digital Analysis (Cont‘d)
9.2 Training the classifier {Cont'd)
9.21 Selection of training sites (Cont'd)
9.212 Methods (trackball, random, uniformity, line and sampie)
9.213 Use of photographs and LANDSAT images
9.22 Clustering of training sites

9.221 Important parameters (std. max., number classes, iterations,
min. number pixels, etc.)

9.222 Comparison of clusters (compare, diverge)

9.223 Combine and delete clusters {criteria--size, area, fit to
information classes, etc.)

.23 Covariance matrix, meaning and interpretation
9.24 Other statistics, meaning and interpretation
9.3 Classification methods
8.31 Parallelepiped
9.32 Minimum distance
9.33 Maximum 11kelihood (LARS Bayesian)
9.4 Verification of classified wmage(s)
9.41 DBetermining general accuracy, correctness of classification
9.42 Detailed comparison with photos, maps and ground data
9.43 Identification and specification of classification problems
9.5 Correcting and refining 1mage classification
9.51 Retraining bad classes, recluster and reclassify
9.52 Change class names via stratification
9.6 Summation of classification by:
9,61 Administrative boundaries {counties, districts, census tracts, etc.)
9.62 Ecological boundaries {forest or range types, watersheds)
9.63 Geographical boundaries {townships, quads, sections, eic.)
9.7 Statistical verification of final classification

9.71 Simple (photo checks, aerial overflight, use of ground data, maps
and tabular summaries

9.72 The concept and use of error matrices

9.73 Rigorous random/stratified random sampling, calculation of errors
and confidence 1imits at specified probabilities

9.8 Evaluation of products by user agencies
9.81 Comparison with normal methods
89.82 Cost factors, timeliness of data, etc.
9.83 Additioral utility of results, unanticipated benefits

Hos



A subjecti matier Uutiine 4

10.

11.

12.

13.

Practical Use of Image Analysis Systems; System Specific; Developing Skills,
Hands-on Practice and Job Instruction Training

10.1

10.2

Visual interpretation

10.11 Course-connected laboratory problems

10.12 Workshop, Job Instruction Training with project imagery
10.13 Procedural manuals

Digital analysis and visual-digital interactive analysis

10.21 Workshop, Job Instruction Training with project data, generally
emphasize IDIMS and EDITOR

10.22 On-the-job follow-up of training
10.23 User manuals

Additional Training Elements as Appropriate to Project or Agency Need

11.1

11.2
11.3
11.4
11.5

Project planning and design
11.11 Problem analysis

11.12 Definition of information needs/user requirements and specify
end products

11.13 How and by whom wiil information be used 1n action program

11.14 Choice of remote sensor or combinations needed, conventional
and sophisticated systems as appropriate

11.15 MNeed and specifications for monitoring and feedback 1n management
Sampling and multistage (multiscale) methodologies

Interpretations of classification statistics

Multidate and change detection methodologies

Guidance for further education and self-learning

Image/Data Acquisition

12.1
1z2.2
12.3
12.4

Screening, specifying and ordering LANDSAT, how to use the browse file
Requesting high-flight products: existing, new imagery

Planning a photo mission

Quality control of products and specialized image processing

12.41 Photo and color balance manipuiation

12.42 State-of-the-art image products from LANDSAT for visual
interpretation

Computerized Data Base and Information Management

13.1
13.2
13.3
13.4
13.5

Specification of information needs for decision process

Data reduction and synthesis

Polygon vs. cell systems of storage

Strengths and uses of computer mapping from a stored data base
Compatibility of LANDSAT with computerized data base concept

A



A Subject Matter Qutline 5

14, Remote Sensing Equipment and Facilities Requirements
’ 14.1 A basic functional laboratory
14.2 Graduated development of capébility
14.3 Full capability options
15. Application Examples; Successful Uses of Remote Sensing Technology, Stressing
Concepts, Approaches and Project Design
15.1 Single discipline
15.2 Multidiscipline applications
15.3 Summary--scope/limitations/accuracy considerations 1n use of LANDSAT

16. Roles of Various Groups 1n Technology Transfer, Advice and Assistance
16.1 Federal agencies; NASA, EROS, USGS/NCIC, other

16.2 Educational institutions; universities, state colleges, community
colleges, cooperative extension, continuing education

16.3 The growing role of industry and consultants
17. Discuss and Brainstorm Specific User Interests and Needs, Formulate Initial

Concept of Remote Sensing Systems to Meet Requirements for Solving Specified
Probiems
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TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Summary
Montana Demonstration Projects

Title: Montana Dam Inventory Demonstration Project
Gallatin-Park Region

User Agency: Department of Natural Resources

Dbjective: To demonstrate the feasibility of using computer-aided
analysis of LANDSAT digital imagery along with photo
interpretation to locate reservoirs by Section, Township,
and Range, and to estimate the approximate surface area
of the reservoirs.

Title. Cascade County lLand Resources Inventory
User Agency: Multi-Agency participation
Obgective: To demonstrate the feasibility of using computer-aided

analysis of LANDSAT digital imagery for obtaining land
use and land cover information.

Title: Remote Sensing of Agriculture
Gallatin-Park Region

User Agencies: Department of Natural Resources, Department of Revenue,
Department of Agriculture, and Montana State Umiversity

Objective: To demonstrate the feasibility of using computer-aided
analysis of LANDSAT digital imagery along with photo
interpretation for obtaining land use and land cover
information. Particular emphasis is on land use and
land cover change.

Title: Gallatin-Park Region Tmber Demonstration

User Agencies: Department of Natural Resources, Department of Revenue,
Department of Agriculture, and Montana State University

Objective: To demonstrate the feasibility of using computer-aided
analysis of LANDSAT digital imagery along with photo
interpretation for obtaining information on forest cover,
1dentification of forest types, forest condition and
quality.

Hed



TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Lesson Plan Module

1.00 COURSE INTRODUCTION

1.10 Summary: This section of each course is individualized for the
spec1fic requirements of each participating group and to the
physical setting in which instruction is being done.

The brief explanatory session will cover any necessary protocol
and provide general instructions as regards accommodations,
working procedures, course scope and objectives for completing
the agenda.

.

1.20 Goals and Objectives: Provide an orientation that will insure
effective 1nteraction between trainees and instructors, and
insure success of the short course.

1.30 Introduce nstructional staff. Self-introduction of trainees.
Hand out instructional materials and notebooks.

Explain mini-course materials available for supplemental learning
experiences.

1 40 1If agenda items need clarification or emphasis, these will be
covered as needed.

Hes



TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Background of Remote Sensing

Master Qutline Category: 2.00

Category Title: Remote Sensing, What It Is

Module Title: Remote Sensing as an Integrated System for Acquiring
Useful Information About Earth Resources

Goals and Objectives:

To bring trainees to a common understanding and appreciation of remote
sensing as an integrated system of technologies from aerial photography
to satellite imagery.

To provide an appreciation of the development of remote sensing tech-

nology and to present certain essential definitions and concepts upon
which the remainder of the training course will be based.

Rationale and Summary of Content:

Some definitions and concepts of remote sensing tend to fragment the
technology into seemingly unrelated or incompatible components. This
tends to create an either-or confrontation in the selection of components
and the design of remote sensing systems to solve practical earth
resource problems.

Many people, being infamiliar with satellite imagery, tend to discount 1its
usefulness without appreciation of the characteristics, Timitations and
advantages of the data--without understanding its role and potential uses
in consort with conventional methods.

Remote sensing is defined as an integrated system and its multiple

elements and key concepts are explained to provide a rational clarification
of the above points.

Prerequisite Knowledde and Understanding:

This course is predicated on the assumption that training will have to
start with a review of the basics of conventional photo interpretation,
but that most participants will have attended the two-day seminar held in
Helena, Montana on 24-26 January 1978.

Lo
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Essential Elements Presented:

¢ Definition of remote sensing.
Primary goal 1n the use of remote sensing

A few key turning points in development of present technology.

=W

Candidate systems suited to Montana Demonstration projects.
5. The role and requirements for ground knowledge.

(s11de) 6. The multi-concepts.

(slide) 7. The integration of management function, information need and
most suitable scale and system.

8. The integrated multistage sampling concept.

References:

Rudd, Remote Sensing a Better View, Chapter 1.
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TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Generalized Work Flow

Master Outiine Cateqory: 5.00

Category and Module Title: Generalized Work Flow in Remote Sensing Applica-
tions; Design of an Integrated System

Goal and Objectives:

The goal 1s to provide trainees with an appreciation for a step-wise flow
1n the design of a problem-specific remote sensing system for acquisi-
tion of information about resource characteristics, potentials, use
management, and condition.

The objective 15 to provide an understanding of the key points essential

to successful accomplishment of each step so that optimum application of
remote sensing technology can be made in each demonstration project.

Rationale and Summary Statement:

The flow diagrams used as a basis for this presentation have been
developed through extensive research and numerous remote sensing applica-
tions projects wnvolving both satellite imagery and aerial photography
with appropriate ground work. They have served as a pattern for the
design of remote sensing projects both domestically and 1n four developing

nations. While obviously subject to improvement, they are useful, tested
models.

Module Content-

The presentation w11l be built around and explain two different but related
flow charts presented in a series of slides. Hard copies on 8% x 11" format
will subsequently be provided to the trainees.

References None

Laboratory Exercise:

It 1s suggested that after the training course the plan for each of the
demonstration projects be re-evaluated in the 1ight of these work flow
dragrams and other knowledge gained 1n the short course

L
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figure 10. A generalized flow chart for an operational remote sensing
system jnvolving space acquired imagery.
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PLANNING AND
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!

INITIAL STRATIFICATION STAGE

Figure 10a. Some 1important details of background to set the stage for effective
remote sensing of earth resources subjects.




INITIAL STRATIFICATION STAGE

SMALLEST SCALE--COARSEST RESQLUTION
MSS COLOR RECONSTITUTED PRODUCTS

VISUAL INTERPRETATION MOQDE
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GROUND TRUTH MISSION

|

IMAGE ANALYSIS
APPLY CLASSIFICATION AND LEGEND

l
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SECOND SUBSAMPLING STAGE

Figure 10b. The initial stratification and arsa priority stage of inventory.
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Figure 10c. The alternative selection and in-depth interpretation stage.
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MAPS STATISTICAL INTERPRETATIONS
BASIC DATA DATA SETS OVERLAYS AND SUMMARIES

REPORT AND RECOMMENDATIONS
ADDRESSED TO PROBLEM

DECISION AND ACTION

MONITOR

Figure 10d. The product development presentation and action stages in
the use of remote sensing systems.
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TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Legends & Mapping Procedures

Master Outline Category: 6.00

Category and Module Title: Determination of Information Classes--Legends,
' Mapping and Ground Truth

Goal and Qbjectives:

The goal is to give the trainees an appreciation of the unique legend
approaches and concepts required in use of satellite imagery along with
aerial photography in a multistage or supporting role.

The objectives are to provide a working understanding of devisive and
agglomerative Tegend development, taxonomic iegends and mapping legends,
mapping intensity guidelines and two Tegend systems that have proved
successtul 1n multistage remote sensing applications.

Summary Statement:

This module synthesizes a Targe amount of experience and guidelines from
practical work and procedural manuals for many kinds of resource survey
and inventory. It synthesizes the information in a generic or generally
applicable context and concludes by presentation of two useful legend
systems based on a devisive approach.

Prerequisite Knowledge:

None assumed beyond professional competence in some earth resources
disciplines.

Essential Elements Presented:

1. The role and 1mportance of ground-acquired knowledge in legend
development.

The devisive vs. the agglomerative classification approaches.
Taxonomic legends.

Mapping guidelines and type mapping.

52 SR U 5 D A ]

The mapping legend.
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Legends & Mapping Procedures

Essential Elements Presented (Continued)

6. The 0SU Multistage Devisive Legend.
7. The USGS Devisive Legend System.

-

Key References:

Hand-out materials on Item 6.

Anderson, James R., Ernest E. Hardy, John T. Roach & Richard E. Witmer.
A land use and land cover classification system for use with remote
sensor data. Geological Survey Professional Paper 964, United States
Government Printing Office, Washington: 1976.

Poulton, Charles E. 1972. A comprehensive remote sensing legend system
for the ecological characterization and annotation of natural and altered
landscapes. Proc. 8th International Symposium on Remote Sensing of
Environment, ERIM, Ann Arbor, Michigan, 2-6 October 1972. Pp. 393-408.
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ABSTRACT

The development and application of an ecologically based
remote sensing legend system designed for multistage inventory of
earth resources and land use is presented for the RKananaskis Alberta
Remote Sensing Test Corridor. The symbolic legend follows a computer-
compatible decimal system and devisive hierarchical logic. The syséem
provides for treatment uf natural vegetation, vegetation height and
crown closure classes and lahd uses that have changed the natural
landscape. Also in a fundamental ecological context, the legend
system provides,for assessment of those features of the physical
environment that are important in land and resource management and
that may generally be identified or indexed from image features by
qualified interpreters. These environmental features include: macro-
relief, land-forms, surficial geology and soils. In the present study,
these physical features of the landscape were not given detailed con-
sideration. A four stage resource inventory example from the ERTS-I
sateliite (1-1,000,000) to 1:29,000 aircraft imagery illustrates how
the natural ecological units of the landscape become the common denom-

inator and facilitate information transfer through application of a

unified legend.
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A Comprehensive Ecological Legend Format

(Primary) (Secondary & Tertiary) (Quaternary & Below) (Forestry)
Grogs Resource Physiognomic Type Specific Ecosystenm Height Class.
and or or Z Crowmn
Primary Land Use Secondary Land Detailed Land Use Closure
Classes Use Classes Class Class
.00

0 00, 00 0000

Macrorelief Landform Surficial Soil Taxa or
Geology Characteristics

FIGURE 1. The Detailed Format for a Comprehensive Ecological Legend.
The legend 1s designed to treat multiple natural features
. of the landscape as well as land use and to be computer
compatible (in Poulton, 1972 modified).
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TABLE I

Symbolic and Technical Legend Classes

EARTH SURFACE AND LAND-USE FEATURES

PRIMARY CLASSES

100 ~ BARREN LAND
200 - WATER RESOURCES

300 - NATURAL VEGETATION

400 - CULTURAL VEGETATION

500 - AGRICULTURAL PRODUCTION

600 - URBAN, 1NDUSTRIAL, TRANSPORTATION

700 - EXTRACTIVE INDUSTRY, NATURAL DISASTERS
800 - RECREATION AND OPEN SPACE-~RELATED

900 - OBSCURED LAND

PRIMARY CLASSES

SECONDARY CLASSES

TERTIARY CLASSES

QUATERNARY CLASSES

100 -~ BARREN LAND

110 -
120

130 -

140
150

160 -

170
190

200 - WATER
210 -

220 -

Playas, dry, or intermittent lake basins

Aeolian barrens (other than beaches and beach sand)

121 - Dunes

122 - Sandplains

123 - Blowouts

Rocklands

131 - Bedrock outcrops (intrusive & erosion-bared strata)

132 - Extrusive igneous (lava flows, pumice, cinder
and ash)

133 -~ Gravels, stones, cobbles & boulders (usually
transported)

134 - Scarps, talus and/or colluvium {(system of
outcropping atrata)

135 - Patterned rockland (nets or stripes)

Shorelines, beaches, tide flats, and river banks

Badlands (barren silts and clays, related

metamorphic rocks and erosional wastes)

Slicks (saline, alkali, soil structural, non-

playa barrens)

Mags movement

Undifferentiated complexes of barren lands

RESOURCES .

Ponds, lakes, and reservoirs

211 - Natural lakes and ponds

212 - Man-made reservoirs and ponds
Water courses

221 - Natural water courses

222 - Man-made water courses
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PRIMARY CLASSES

SECONDARY CLASSES

230

240 -
250
260
270
280

H

290

300 NATURAL
310 -

320 -

330 -

TERTIARY CLASSES

QUATERNARY CLASSES

Seeps, springs and wells

231 - Seeps and springs

232 - Wells

Lagoons and bayous

Estuaries

Bays and coves

Oceans, seas, and gulfs

Snow and Ice

281 ~ Seasonal snow cover

282 - Permanent snow fields and glaciers
Undifferentiated water resources

VEGETATION
Herbaceocus types

311
312
313
314
315
316
317
319

Lichen, cryptogam, and related communities
Prominently annualsg

Forb types

Grassland, steppe, and prairie

Meadows

Marshes

Bogs and muskegs

Undifferentiated complexes of herbaceous types

Shrub/Scrub Types

321
322
323
324
325
326
327

328

329

Microphyllous, non-~thorny scrub
Microphyllous thorn scrub
Succulent and cactus scrub
Halophytic shrub

Shrub steppe

Sclerophyllous shrub
Macrophyllous shrub

327.1 - Willow (Salix) Predominent Vegetation

327.2 - Birch (Betula) Predominent Vegetation

327.3 - Alder (Alnus) Predominent Vegetation

327.4 - Mixed Shrub (Prunus/Symphoricarpos/Crataegus)

327.9 - Undifferentiated Shrub-Types

Microphyllous dwarf shrub

328.1 - Spruce-Fir (Picea-Abies) Krummholz Types

328.2 ~ Mountain Heath Types (Vaccinium/Cassiope/Phyllodoce)
328.3 ~ Mountain Avens Types (Dryas)

328.4 - Juniper (Juniperus)-Bearberry (Arctostaphylos) Types
328.9 - Undifferentiated

Undifferentiated complexes of shrub/scrub types

Savamna-~llke Types
331 - Tall shrub/scrub over herb layer

332
333
334
335

Broad-leaved tree over herb layer
Coniferous tree over herb layer '
Mixed tree over herb layer
Broad-leaved tree over low shrub layer
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PRIMARY CLASSES

SECONDARY CLASSES

TERTIARY CLASSES

QUATERNARY CLASSES

336 ~ Coniferous tree over low shrub layer
337 ~ Mixed tree over low shrub layer
339 - Undifferentiated complexes of savanna-like types
340 ~ Forest and Woodland Types
341 ~ Conifer forests
341.1 ~ Pine (Pinus) Prominent Vegetation
341.2 - Douglas Fir (Pseudotsuga) Prominent
341.3 - Pine/Spruce (Pinus/Picea)
341.4 - Spruce (Picea) Prominent
341.5 - Spruce/Fir (Picea/Abies)
341.6 - Fir/lLarch (Abies/Larix)
341.9 -« Undifferentiated
342 - Broadleaf Forests
342.1 - Poplar (Populus)Proninent Vegetation
342.2 - Birch (Betula) Prominent Vegetation
343 ~ Conifer-broadleaf mixed forests and woodlands
343.1 - Pine/Poplar (Pinus/Populus)
343.2 - Spruce/Poplar (Picea/Populus)
343.3 - Douglas Fir/Poplar (Pseudotsuga/Populus)
344 - Broadleaf-conifer mixed forests and woodlands
344.1 -~ Poplar/Pine (Populus/Pinus)
344.2 - Poplar/Spruce (Populus/Picea)
344 .2 -~ Poplar/Douglas Fir (Populus/Pseudotsuga)
349 - Undifferentiated complexes of forest and woodland types
390 - Undifferentiated Natural Vegetation

400 - CULTURAL VEGETATION
410 - Cultural herbaceous types
411-419 -~ Tertiary levels duplicate those of
Natural Vegetation (300)
420 - Cultural shrub/scrub types
421-429 -~ Tertiary levels duplicate those of
Natural Vegetation (300)
430 - Cultural savanna-like types
431-437, 439 - Tertiary levels duplicate those
of Natural Vegetation
440 - Cultural forest and woodland types
441-443, 449 - Tertiary levels duplicate those of
Natural Vegetation
490 - Undifferentiated cultural vegetation types

500 ~ AGRICULTURAL PRODUCTION
310 - Field crops
520 -~ Vegetable and truck crops
530 - Tree, shrub, and vine crops
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PRIMARY CLASSES

SECONDARY CLASSES

TERTIARY CLASSES

QUATERNARY CLASSES

540 - Pasture

550 ~ Horticultural specialties

560 - Non~producing fallow, transitional, or idle land
570 - Agricultural production facilities

580 - Aquaculture

590 ~ Undifferentiated agricultural production

600 - URBAN, INDUSTRIAL, AND TRANSPORTATION
610 - Residential

620 - Commercial and services
630 - Institutional
640 - Industrial
650 - Transportation, communications, and utilities
651 - Man and Material Transport
651.1 ~ Radil
651.2 - Motor Vehicle
651.3 -~ Water
651.4 —~ Afr
651.5 -~ Trails, foot and animal

651.9 - Undifferentiated

652 - Utilities dastribution
653 —~ Power production
654 - Communication
655 - Sewer and solid waste
659 -~ Undifferentiated

670 ~ Vacant plots and lots

690 - Undifferentiated urban

[

700 - EXTRACTIVE INDUSTRY AND NATURAL DISASTERS
710 - Non-Renewable Resource Extraction
711 ~ Sand and Gravel
712 - Rock quarrie
713 - Petroleum Extraction - Gas and oil fields
714 - 01l shale and sand extraction
715 ~ Coal/peat
716 - Non-metalic, chemical, fertilizer, etc,
717 - Metalic
7119 - Undifferentiated
720 - Renewable resource extraction
721 -~ Forest harvest
721.1 - Clearcut Forest
721.2 ~ Selective Forest Cut
722 - Fisheries
729 - Undifferentiated
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PRIMARY CLASSES

SECONDARY CLASSES

TERTIARY CLASSES

QUATERNARY CLASSES

730 ~ Natural disasters

731 - Earth

132 - Alr

733 - Fire

734 - Water

735 - Digease

739 — Undifferentiated

800 - RECREATION AND OPEN SPACE RELATED
810 -~ Natural greenways, open space and buffer zones
820 -~ Preservation areas and natural museums
830 - Improved and developed open space
840 - Historical and archeological sites
850 - Scenic views
860 ~ Rock hounding, paleontological sites
870 ~ Recreation facilities
880 - Designated destructive use areas
890 -~ Undifferentiated

900 - OBSCURED LAND
910 ~ Clouds and fog
920 Smoke and haze
930 ~ Dust and sand storms
940 ~ Smog
990 - Undifferentiated obscured land

!
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8 A LAND USE AND LAND COVER CLASSIFICATION SYSTEM FOR USE WITH REMOTE SENSOR DATA

Service of the U S Departiment of Agriculture and
supplemented from other sources. These statistics,
which are available only for States, are provided by
the various government agencies which compile 1n-
formation on some categones of land use, zeveral of
which parallel the U.S &.5. land use classification
system

TABLE I ——Major uses of land, United States, 1969*

Acres Hectares

T (mil- (mal. Per-
lwons) Tons} cent
Cropland e oo 472 191 209
Cropland used for crops _-.. 333 135 ——
Cropland harvested —__.__ 286 118 —
Crop farlure . _______._ 6 2 —
Cultivated summer fallow_ 41 17 —
Soul improvement crops and
mdle cropland oo . 51 21 -
Cropland used only for pasture 88 36 ———
Grassland pasture and range® ____- 604 245 267
Forest land . .. 723 203 319
Grazed ____________ i98 80 —
Not grazed e ___ 525 213 _—
Special uwses® . .. 178 72 79
Urban areas ... _ 35 14 —
Transportation areas ________ 26 11 _—
Rural parks __ ..o . ____ 49 19 _—
Wildhfe refupes __ . _.__.._ 32 13 ——
National defense flood control,
and industrial areas ___._._ 26 11 —
State-owned institutions and
mscellaneous other uses _._ 2 1 ——
Farmsteads, farm rovads,
and lanes _ ... ... 8 3 ——e
Miscellaneous land* Lo oo 287 115 126

1¥Frey, H T 1973 Does not include area covered by water in streams
more than Y% of & mile 1t width and lakes, reservoirs, and so forth of
more than 40 acres in size

3 Includes pasture that 18 to be iheluded with eropland wn the USGS
classification system

tExcept for urban and builé-up areas and transportation uses these
special uses wil] be classified by dominant cover under the USGS classi-
fAcation system

4 Tundra, glaciers and 1eeficlds marshes open smzmps bare rock areas,
deserts beaches and other miscellancous land.

The land use and land cover classification system
presented in this report (table 2) includes only the
more generalized first and second levels The system
satisfies the three major attributes of the classifica-
fion process as outhned by Grigg (1965) - (1) 1t
gives names to categories by simply using accepted
terminology; (2} 1t enables information to be trans-
mitted, and (3) 1t allows inductive generalizations
to be made The classification system 1s capable of
further refinement on the basis of more extended and
varied use At the more generahzed levels it should
meet the principal ebjective of providing a land use
and land cover classification system for use in land
use planning and management activities Attainment
of the more fundamental and long-range objective
of prowviding a standardized system of land use and
land cover classification for national and regional

TasLk 2 -—Land use and land cover classification system for
use with remote sensor dala

Leval I Leval iI
1 Usrban or Built-up Land 11 Reswdential
12 Commerciat and Services.
13 Industnal

14 ‘Transportation, Communi-
cations, and Utdities

15 Industrial and Commercial
Complexes

16 Mixed Urban or Built-up

Land
17 Other Urban or Built-up
Land

2 Agmcultural Land 21 Gropland and Pasture.
22 Orchards, Groves, Vine-
vards, Nurseries, and
Ornamental Horticultural

Areas
23 Confined Feeding Opera-

fions
24 Other Agricultural Land

3 ZRangeland 31 Herbaceous Rangeland
32 Shrub and Brush Range-
land
33 Muxed Rangeland

4 Forest Land 41 Deciduous Forest Land
42 Evergreen Forest Land
43 Mined Forest Land

5 Water b1 Streams and Canals
52 Lakes
53 Reservoirs
54 Bays and Estuaries

6 Wetland 61 Forested Wetland,
62 Nonforested Wetland

7 Barren Land 71 Dry Salt Flats

72 Beaches

73 Sandy Areas other than
Beaches.

74 Bare Exposed Rock.

75 Strnip Mines Quarries, and
Gravel Pits

76 ‘Transttional Areas

7 Mixed Barren Land

8 Tundra 81  Shrub and Brush Tundra
82 Herbareous Tundra
83 Bare Ground Tundra
84 Wet Tundra.
85 Mied Tundra

9 Perenmal Snow or Ice 91 Perennial Snowfields
92 Glaciers

studies will depend on the improvement that should
result from widespread use of the system.

As further advances in technology are made, it
may be necessary to modify the classification system
for use with automatic data analysis The LANDSAT
and Skylab missions and the high-altitude awrcraft
program of the National Aeronautics and Space Ad-
ministration have offered opportunities for nation-
wide testing of the feasibility of using this classifica-
tion system to obtain land use information on a
uniform basis

The approach to land use and land cover classifi-
cation embodied in the system deseribed herein 1s
“resource oriented,” in contrast, for example, with
the “people orientabion” of the “Standard Land Use
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TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Numerical Analysis of Multispectral Data

Master Outline Category: 7.2

Category & Module Title: Numerical Analysis of Multispectral Data--
Basic Theory and Concepts

Goal and Objectives:

The goal of this module is to provide trainees with a minimal but ade-
quate understanding of multispectral scanner data and basic methods
of analysis and classification at a generic or general level as a
background to more in-depth training in system-specific computer
methods.

Specific objectives are: (1) to provide an understanding of what multi-
spectral signatures are and how they can be identified by pattern
recognition techniques; (2) how supervised and unsupervised classifi-
cation is done; and (3) what some of the alternative approaches to
numerical classification of the MSS signatures are.

Rationale and Summary:

It is thought that if an image analyst sufficiently understands the
above 1ndicated material in a general sense, he can--as a ground truth
and information expert--both adequately perform his role in interactive
computer analysis and also more easily comprehend and learn the specific
analytical techniques used at the various image analysis instaliations
with which he may work.

Some natural resource professionals who can work with a computer techni-
cian or scientist may need to know little more than what is embodied n
the full and expanded content of this training module to be effective

as a part of the image analysis team.

This module merely covers the background for the more specific knowledge

and sk111 to be presented in the following eliements of the short course
and in recommended collateral study.

Prerequisite Knowledge:

Some prior knowledge of physics--more specifically of the electromagnetic
spectrum--and of statistics is assumed.
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Numerical Analysis of Multispectral Data

Elements Covered:

1.

Review of nature of LANDSAT MSS data, of some typical multispectral
signatures, and demonstration of what the MSS data to be analyzed
and classified Took 1ike.

The concept and method of classification in muitidimensional space--
Pattern Recognitian.

Supervised and unsupervised classification.
Spectral classes vs. information classes.

The role and use of ground knowledge and corollary data in classifi-
cation and vericiation.

The role of visually stratified and interpreted LANDSAT imagery in
digital data analysis, classification and verification.

The nature of computed results and output products.

References & Recommended Reading:

Sabins. Remote Sensing Principles and Interpretation. Freeman.
Pp. 235-253, 258-274.

Manual of Remote Sensing, Vol. 1. Pp. 689; 747-785.
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TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Screening and Ordering LANDSAT
Information Sources, Roles of Various
Groups 1n Advise and Assistance

These two topics are reasonably well covered by Kroeck, Everybody's Space
Handbook, Chapters 4, 5 and 6.

Trainees are urged to read these chapters and ask appropriate questions of
clarification in the last discussion session. If time permits, an instructor
may make some remarks of amplication on these topics.
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TRAINING FOR MONTANA DEMONSTRATION PROJECTS

Comprehensive Laboratory and Field Exercise

Master OQutline Category:

10.1, 11.2 and 9.21

Master Module Title:

Visual Interpretation; Multistage Methodologies; and Selection of
Training Sites

Title of Exercise:

Visual interpretation of LANDSAT images, highflight and conventional
aerial photography and their interactive use with computer analysis of
the LANDSAT data.

Goals: -

(1) Achieve familiarization and initial experience with visual interpre-
tation of LANDSAT images and learn where and how this kind of inter-
pretation and analysis should be done interactively with computer
analysis of digital data.

(2) Achieve an appreciation of the kinds and levels of information that
can be visually derived from state-of-the-art LANDSAT images as
compared to highflight and conventional aerial photography.

(3) Demonstrate how these three kinds of images can be used interactively
1n a muitistage sampling mode to Increase the efficiency of acqui-
s1tion of data and information about earth resources.

(4) Develop an mproved understanding of mapping and information legend

requirements and Timitations when working with LANDSAT images or
data.

Introduction to Problem

A1l necessary introduction and background for this problem will have been
provided in previous lecture/discussions. Familiarization with the three
kinds of 1mages to be used will have been attained through a laboratory
and field familiarization exercise on the first and second days of the
training course.
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Comprehensive Laboratory & Field Exercise 2

Introduction to Problem (Continued)

L]

Carefully read the goals of this exercise and keep them clearly in mind
as you progress through the individual tasks and experiences.

The training staff will be available to answer questions and make suggestions
throughout the exercise. Start with the first procedural step and work
systematically through the recommended activities. It 1s suggested that

you write out or tabularize an information set in response to each guestion.
These are intended to reinforce key points. A concrete response helps fix
items in your mind and reinforce the ledrning process.

On the morning of the last day the group will field check the results of
this exercise and clear up any remaining gquestions.

With this experience 1t is expected that those who come to NASA-Ames

Research Center for the second week of training and workshop will be able
“to take off running" in the procedures for digital data analysis.

Equipment and Materials Furnished:

2  LANDSAT, full frame CIR specially enhanced 1:250,000 )} For

2 LANDSAT, full frame B&M, Bands 5 & 7, 1:250,000 g demons tra-
1 1:250,000 mylar culture overlay ) shared use
10 Random dot acreage grids g only

Short course notebook

LANDSAT, 1/4-frame CIR specially enhanced, 1 250,000
Frames, Highflight CIR transparencies @ 1'130,000
Stereo-models, B&W, 1.20,000

Sheets mylar, 10" x 10"

Mylar overlay for 1/4-frame @& 1.250,000, 15" x 15"
Reference books {Rudd & Kroeck)

[ B LN TN R s O e

Trainee-Furnished Items.

1 Low power magnifier; 3-6x {10x only 1f large field of view)
1 Engineer's scale; 1inches & 1/10th, 1/50th/or metric n mm's

Rapidograph pens with biack, red and blue ink, or grease pencils
1n same colors

Pocket calculator, convenient and optional
1 Packed (f1eld) stereoscope, optional

Acreage dot grid or 1/10th-inch squares in 2 x 2-inch/4 x 4-3inch
square, optional
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Comprehenstive Laboratory & Field Exercise 3

Trainee-Furnished Items (Continued):

1 Compass, optional (Sylva, hikers type or better)
1 Camera, optional

Procedures and Spectific Instructions:

(1) By one edge fasten a Targe sheet of mylar to the 1-250,000, 1/4-frame
of specially enhanced LANDSAT 1magery. Mark positioning reference
points on the overlay.

(2) With an acetate marking pen, locate the corners of each alternate
highflight frame on this overlay and mark with a dashed line the
exterior boundary of the area of common coverage

{3) Within this area, similarly mark the areas covered by the 1-20,000
aerial photography which you were provided. Use solid lines to
define these areas.

(4) 1In a simple list, tabulate what you learned about the comparative
resotution, interpretable detail and optimum kinds of uses of each
of the three kinds of images and scales provided.

Q. What 1s the smallest thing you can 1dentify at each of the
three scales within the areas defined in (3)7?

Q List the changes over time that you can observe by comparison
of the three kinds and dates of imagery within the areas
defined in (3).

(5) Delineate the entire 1/4-frame area of the 1°250,000 LANDSAT scene
at primary legend level, defining all free water surfaces in blue
and all other delineation boundaries in red. Identify and label
each delineation according to each of the two legend systems pro-
vided. In some cases this might require adding a 1ine to delineate
differences between the two legend systems but in both cases each
delineation should carry both appropriate numerical designators.
For contrasting types with substantial significance in land- gse plan—
ning or resource management, you should map down to 1/2-inch® or 1 o
and 1n some cases may wish to identify and locate smalier point data;
e 9., small reservoirs, towns, eroded or excavated areas.

(6) Within the area marked by a dashed line, Step (2), simlarly delineate,
1dentify and Tabel the LANDSAT images at secondary level according
to both legend systems. Use the same color scheme of inks {or wax
pencil} for the mapping.

Q. For what kinds of uses would the map produced in Step {5) and
in Step (6) be useful?

e



Comprehensive Laboratory & Field Exercise

Procedures and Specific Instructions (Continued)

Q. From Step (6) could you have delineated and identified any of
the features from LANDSAT at a tertiary or quaternary level?
If so, cite specific examples and explain.

(7) We assume that each of you represents a department from which a
demonstration project has been proposed. In some cases, the pre-
Timinary plan submitted to NASA-ARC suggested a legend. With
respect to your demonstration project, respond to the following
questions:

Q. What kinds of essential information can you derive from visual
interpretation of LANDSAT at 1:250,000; from ca. 1-130,000
highflight; from conventional scale 1:20,000 B&W aerial photo-
graphy, from ground observation/measurement in a multistage
mode? List and discuss as appropriate.

Q. Can you derive any of the above information, or additional
kinds, from B&W LANDSAT, Band 5 or Band 7, 1:250,000 scale,
better than from CIR at 1:250,0007? List and explain why.

Q. If your group has aiready proposed a legend, how well will it
work with LANDSAT, highflight and with conventional 1:20,000
aerial photography? Discuss and suggest solutions where the
legend or level of informational detail doesn't seem to fit
the characteristics and information content of LANDSAT.

(8) Within the solid Tines marking the four stereo models of 1.20,000
photography, prepare a tabulation on the form provided {Table 1)
of the additional LANDSAT 1image types that could be delineated 1f
the scale were large enough, describe each image and make a tenta-
tive 1dentification of each, first without looking at the support
photography, then by looking at the 1.20,000 photography monocularly
and in stereo.

Q. What image types were correctly identified without iooking at
the 1.20,000 photography?

Q. What additional 1mages were correctly 1dentified from the
1 20,000 photography?

Q. What subjects of 1mportance to you were identifiable on the
1-20,000 that could not be seen on the LANDSAT image? List.
Could these be seen and identified on the highfiight 1.130,000
CIR photography”

Q@ How would you propose obtaining informatton on those things not
discernable on either the LANDSAT or highflight? 1In doing
this, would an analysis of either of the 1 250,000 or 1.130,000
tmages be helpful? How?



Comprehensive lLaboratory & Field Exercise

Procedures and Specific Instructions {(Continued)

{9)

(10)

(11)

(12)

(13)

Select one stereo model of highflight that is of greatest interest
to you that also includes one of the 1:20,000 stereo models and map
each to an intensity of 1/2-in.2 or 1 em.2 for contrasting 1mportant
types, label each delineation to a tertiary legend level of your

own design based on either the 0SU or USGS legends {whichever you
prefer). Prepare an organized 1ist of delineations you cannot
1denti1fy for subsequent field checking.

Tape a second mylar overiay on the LANDSAT 1/4-frame scene by taping
on a different edge so both the original and new overlays can be
superimposed or used individually. Mark control or location marks
on the new overilay.

On the new overlay mark a rectangular window by using the following
diagonal coordinates for the window. Use the upper Teft-hand corner
of, the scene as 0.0.

X = ;Y=
X = A

Thi1s simulates one of the same procedures used in computer selection
of a window or a training area.

Within this window, tabulate all of the kinds of information classes
in which you would be interested if you were concerned about both
land-use planning and renewable resource management within this
window For each information class, tabulate the kinds of spectral
signatures that you judge to make 1t up. Describe these spectral
signatures as to color and form (shape, 1f appropriate). Indicate
on the tabulation whether or not the information class 1s HHo,
hi1ghly homogeneous throughout the window as regards spectral vari-
ability; MHo, moderately homogeneous, MHe, moderately heterogeneous;
or HHe, highly heterogeneous as to spectral variability.

Make a matrix table of information classes and for each comparison
among classes indicate the relative likelihood of confusion or error
1n spectral ciassification between each of the pairs of information
classes by entering the following symbols 1in the appropriate biock
of the matrix table-

0 = No confusion
+ = Some confusion possible
++ = High possibility of confusion
+++ = Extreme or very high Tikelihood of
confusion
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Comprehensive Laboratory & Field Exercise )

Procedures and Specific Instructions (Continued)

Information Class

A B C D E F G
A
w
s B s}
< ¢ + o+ 0
=
S - + 0
42
€ E| & 0 0 0 O
‘g F o+ 0+ +++ 0
6 + 0 ++ 0 O 0

Q. Can you see a way to minimize this confusion and possible error
in classification by pre-stratification of the window and then
classifying within these strata? If so, map the strata on the
second overlay.

Q. If you cannot eliminate the possibility of confusion and error
by stratification prior to analysis, can you see any other way
to deal with the problem?

{14) Select one information ciass from Step {13} that has only a "+" or
lower 1ikelihood of confusion and one that has mostly “++" or "+++"
T1kelihood. Examine areas representing these subjects on the 1:250,000
Black & White Band 5 and Band 7 images and indicate in tabular or
narrative and graphic form what you think the frequency distribution
of energy values would look Tike within a ftraining set representing
each of these two information classes.

Frequency

Tow high
dark bright

Reflected energy per pixel
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Documentation: Consultant's Final Report - "A Technical Evaluation
of the Northern California Remote Sensing and Tech-
nology Transfer Project, NASA Grant 2244,% by Dr.
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CONSULTANT'S FINAL REPORT

A TECHNICAL EVALUATION OF THE NORTHERN CALIFORNIA
REMOTE SENSING AND TECHNOCLOGY TRANSFER PROJECT

NASA GRANT #2244

By

Dr, Lawrence Fox, I1I1
Professor of Forestry
Humboldt State University
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PURPOSE

This report has been prepared to aid in the overall evaluation
of NASA's effort to transfer remote sensing technology to Humboldt State
University and the people of northern California. The aim is to provide
an objective, independent evaluation of the technical aspects of this

project.

BACKGROUND AND RATIONALE

The author is thoroughly familiar with the theory and practice
of modern remote sensing, having recently (1976) completed a Masters
and Ph.D. program in Remote Sensing and Natural Resources Management at
the University of Michigan. As a current member of the Forestry Depart-
ment faculty at Humboldt State University, the author is also in a good
posttion to evaluate the technology transfer effort to academic programs
at Humboldt State.

A major concern is for the independence and objectivity of
this report. The author was employed by this grant from June 15, 1977
unt1l September 15, 1977 as a Technical Coordinator. His function was
to address the technical needs of the project during this time. It is
the author's opinion that this working association with the project
does not constitute a conflict of interest. The author was not in-
volved 1n obtaining the original grant from NASA and did not have a
part in writing the original proposal for the grant. Of course, the

author does hold a tenure track position with Humboldt State University

-1-
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and will naturally strive for the best possibie situation for that
University.

This is the second and final report on the technical effective-
ness of this project. The first report covered the period from September
15 to December 31, 1977. This report covers the grant activities until
June 15, 1978. The various concTusions of the first report will be
referenced 1n this document and comparative avaluations w11l be made.

The grant efforts have been cooperative between the staff at NASA Ames
and at Humboldt State. The activities have therefore been reviewed
under two major headings: Humboldt State Project, and NASA Ames.

The effort at Ames has been further broken down into assistance and

i
training. Recommendations follow these separate evaluations.
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HUMBOLDT STATE PROJECT

INITIAL PRESENTATIONS:

The major NASA Western Regional Applications presentation was
made to a multi-county meeting of Boards of Supervisors in Santa Rosa,
California. It was recommended in the previous report that presentations
be made at a simpler level than previocusly and that more patience be used
10 re-explain how the technology works. These two recommendations were
followed. However, communication problems were still encountered at the
Santa Rosa presentations. The audience seemed stunned by the technology
even when presented at a simple level. Perhaps the failure was in not
working closely enough with county people's needs and talking about how
Remote Sensing could address those needs. Possibly, exampies could be
added from other county remote sensing projecis to strengthen the pre-
sentation. The answer to this problem is not yet readily apparent and
needs considerably more thought and planning for future presentations.
Perhaps the Landsat system is simply not attractive to county government
because of their requirements for excellent resolution and a 1imited geo-

graphical area of jurisdiction.

PLANNING DEMONSTRATION PROJECTS:

In the previous report, it was stated that “...the northern
California (Humboldt State) team of full time employees has an acute lack
of understanding about computer processing. Because of this, 1t is very

difficult to define problems and Tay on the proper time restraints." This
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condition has not changed significantly during the past six months. The
condition continues to contribute to the lag in project starts in northern
California. NASA Ames personnel have not become involved in the review

of initial proaéct planning, comments to follow in the "NASA Ames
Assistance" section of this report. The Humboldt State staff have failed
to develop technical plans with potential cooperators. This statement
reflects on the performance of the consultant (the author). Part of my
function was to develop these plans. My time commitment of one day per
week was not enough to carry out this planning process effectively. Partly
because of this problem, several projects are in limbo in northern Cali-

fornia now.

COMPLETING DEMONSTRATION PROJECTS-

The only project currently underway is the U.S. Fish and Wildlife
Service Project, "Vegetation Mapping on the Hoopa Square Indian Reservation."
There has been no one technically trained to deal with the complexity of
th1s project, employed full time, on the Humboldt State staff during the
period of time this report covers. The production schedule has fallen
behind because of this. The U.S. Fish and Wildlife Service employee has
been floundering, receiving 11ttle technical assistance from the Humboldt
State personnel. The author has provided consulting service in this area
directly to the U.S. Fish and Wildlife Service employee. The author's
minimum time commitment and unfamiliarity with the precise workings of

the EDITOR computer system have contributed to this ﬁrob]em.

wle
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The Humboldt State staff will continue to experience difficulty
in completing this project unless their technical needs are addressed.
Some relief is Tikely to be felt, however, since the U.S. Fish and Wild-
Tife Service employee is becoming competent enough technically to carry
out his responsibilities <independently. It is also anticipated that the

author will be empioyed full time during the summer of 1978.
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NASA AMES ASSISTANCE

In my previous report, the needs of the U.S. Fish and Wildlife
Service employee (Ken Mayer) were outlined. Assistance from NASA Ames
personnel was sporadic during the fall of 1977. Many factors probably
contributed to this: geographic separation, other commitments of NASA
personnel, historical precedent (NASA has never really "trained" the
people they awarded grants to in the past). This condition was partially
rectified during the period covered by this report with two major accom-
plishments:

1) A technical manager (Dave Peterson) was assigned to the

U.S. Fish and Wildlife Service project. Dave was in-
valuable in defining the project. A production schedule
was devised.

2) A new resource was found within NASA for guidance in

digital processing using the EDITOR Software Package.
Len Gaydos, from the USGS Geography Program, Landsat
group, met with all concerned and began to address
Humboldt State's technical problems.

The two points above indicate significant improvement in the
area of technical assistance. The 1mportance of Len Gaydos and his staff
(espec1ally Bill Newland) can't be overemphasized. The USGS people can
assist the Humboldt State staff in completing the U.S. Fish and Wildlife
Service Project on schedule. Dave Peterson has best input to project
definition and technical planning. With continued sharing of respon-
sibilities between the USGS and NASA Ames, it seems that technical
assistance would be adequate for future demonstration projects at Humboldt

State.
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The ineffectiveness of the remote computer terminal at Humboldt
State was also addressed in the previous report. The NASA personnel seem
to expect Humboldt State persomnel to Iearn by doing on the remote
terminal. I understand that this philosophy was probably dictated by
the circumstances more than anything else. MNo formalized instruction
is available for EDITOR. It seems to me the "learn by doing" process 1s
a very effective one when used by peoplie actually working at NASA Ames.
Because of Humboidt's remote location, the 1dea didn't seem to work too
well. The assistance from the USGS people in statistical analysis, using
EDITOR, has already made the terminal more useful for personnel at

Humboldt State.

NASA AMES TRAINING:

In the previous report, it was stated that "...there has been no
support from Robin Welch and company for any of the projects or plans for
projects in Arcata." This situation is largely unchanged except for the
response from Charles Poulton. Poulton has taken an interest in the work
and has provided valuable assistance 1n overall planning and philosophical
approach. However, Poulton does not feel he can provide the technical
assistance needed in northern California because he is not famTiar with
digital analysis of Landsat data. In fact, the effective path through the
variety of computer classification systems at Ames is so complicated that
Poulton has requested the staff at Humboldt State to provide him complete

docqmentat1on on Landsat digital data analysis.
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RECOMMENDAT IONS

Several projects have stalled in the planning stage in

northern California. Immediate action should be taken if these projects
are to have a chance of being activated.
1) A technically competent Landsat data analyst and photo
interpreter should be transferred to the northern Cali-
fornia project immediately. MHe/she must reside 1n Arcata
and work full time on the project for one year.
This person would spend about one~third of his/her
time planning demonstration projects with potential NASA
cooperators. The remainder would be spent lecturing in
the remote sensing course at Humboldt State University,
training setected Humboldt State faculty, improving Hum-
boldt State computer capabiiity and training the northern
California project staff.
This arrangement would meet two pressing needs:
a) to deal technically with potential cooperators for
Landsat demonstration projects, and

b) to transfer confidence to Humboldt State professors
and administrators. This to aid in transferring
the remote sensing education process to Humboldt
State and developing technical skills at Humboldt
State to meet the needs of potential NASA cooperators

1n northern California.
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2)

3)

4)

A formal cooperative arrangement should be made with USGS

at Ames. USGS to provide detailed technical assistance 1n
computer processing to the Humboldt State project. NASA
personnel to continue to be involved in initial project
planning and generation of output products.

Formal training programs in digital analysis of Landsat data
should be initiated by NASA Ames for the Humboldt State
project personnel. This will make the entire project more
technical in the eyes of potential cooperators and make
Humboldt State personnel able to effectively supervise on-
going demonstration projects.

NASA should provide complete documentation on remote sensing
projects completed elsewhere. This "evidence" should help

the Humboldt State project staff attract potential cooperators.
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APPENDIX VIII

Documentation: Description of WRAP Program in Earliest Stages,
WRAP Overall Plans, WRAP Information Sheet,
CORSE 1978

NOTE: A171 WRAP activities have now been spun off into private
sector contracts.

Example: "Signature" newsletter now "Plain Brown Wrapper,"
Ctear Air, Inc. (Phoebe Williams, et. al.}

Training function: now being done by Air View

Specialists, Inc. (Robin Welch, Charles Poulton,
et. al.)
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A PLAN FOR THE
WESTERN REGION APPLICATIONS PROGRAM

I. EXECUTIVE OVERVIEW
1.0 BASIC PREMISES
In establishing the National Aeronautics and Space Agency in
the National Aeronautics and Space Act of 1958, (72 STAT.
426;42-U.5.6. 2451 SEQ)} as amended, a charter was given
which included the mission
"to provide for the widest practicable and appro-
priate dissemination of information concerning NASA's

activities and results”.

It is in compliance with and performance of that mandate from

the President and Congress that

a program to accomplish technology trénsfer 1s being planned

and implemented. However, had the original charter not included
such foresight and wisdom, common sense, the demands of knowledgable
users, the pressing needs of today, and national priorities would
have forced the creation of an institutionalized mechanism for
technology transfer. Indeed, these are the drivers for 1ts

cutrent implementation.

There is much discussion among politicians, scientists, scholars,

and industrialists as to whether technology transfer can be

it



1.1

accompiished and if so, how. The viability and credibility

of the transfer of government-sponsored techmlogy has already
been established by the Japanese. Their computer industry is
a prime example, and its impact is being felt around the world

today, including the United States.

One of the central elements of the Japanese technology transfer
was a synergism that would not, probably could not, have been
realized outside of government sponsorship. Yet a free enter-
prise system was not endangered. This plan assumes an equivalent
capability within the United States and strives for meaningful
accomplishments. Its synergism will be derived from full and
active participation by NASA, academia, industrial suppliers,

and users from the federal, state, and local and private sectors.
Its success is dependant upon this participation. No single
element can accompiish bringing about full utilization of NASA
developed technology by 1tself. Any missing element will dis-

proportionately diminish the value of the effort.

UNDERLYING PHILOSOPHY

There is a quotation which states, "Give a man a fish and he will
have a meal. Assist him in learning to fish and he will have
many meals". The underlying principle of this quotation reflects

the basic philosophical approach to technology transfer that will
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be taken by the Western Region Applications Program in serving
the 14 states depicted in Figure 1 in the most simplistic
terms. The user is key and it is he who must apply the tools

for lasting value to be achieved.

If technology transfer is only a tool to assist in the solution
of problems, as indeed it is, then the funadmental fact that
only the user can transfer technology must be recognized. Only
the user can apply it to the fulfiliment of requirements or
achievement of goals. The complexity of the problem is thus
reduced basically to a people relationship. The fundamental
approach proposed by this plan in structuring that relationship

is as follows:

A user driven/user participatory cooperative arrangement
involving al]l segments of society in the evaluation,
demonstration, utilization, and development of technology

in the solution of existing problems.

Technology transfer is an evolving process, with specific functions,
as shown in Figure 2. Failure to identify each key function and

1ts relationship to the overall structure could ultimately result

in fadure of the total process. Thus, this plan attempts to
effectively mobilize and cooperatively integrate the talents,

capabilities and resources of users, federal agencies, universities
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and industry in the accomplishment of the objectives of
each function. This plan will discuss each function, its
cbjectives, approaches, participation, resources, relationships

to the whole and framework for accomplishment.

Since there presently exists no institutional mechanism for
effectively transferring technology and no panacea on which

to rely, new techniques must be developed concurrently with

the transfer process. Some of the approaches identified in

the plan may not prove feasible and thus will be revised,
replaced or eliminated. In order that this can be accomplished
without jeopardizing the transfer process, considerable flex-

ibility must be afforded the performing organization.

To state the need for flexibility in another way, to be successful
in technology transfer, there must be the opportunity for failures
as well as successes in the evolutionary process. On-going
accompliishments will be the measure of the successess. Future
attainments will be the results of the knowledge and experience
gained in failing attempts. This plan will have sufficient flex-
ibility to accommodate both immediate and future successess. The
key is the development of a cooperative relationship with the user
community and not the transfer of a specific technology. For even
in the failures 1n transferring one technology there will be success
if a user relationship based on credibility is established. This
relationship will provide a pipeline that will offer an immeasureable

advantage in cost-effectiveness 1n future technology
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2.0

transfer efforts. Thus, through integrity in all approaches,
there may be failures in transfer, but there will be no overall

losses.

A BROAD VIEW OF THE PLAN
Technology transfer can be viewed as having three identifiable
phases. Each is distinguished by the characteristics of the

user community:

The First Phase (Phase I)

- a large, largely unfuifilied, and sometimes unrecog-
nized, demand for the output of a given technology by
the user community. While technology transfer itself
must always be user-driven, there is an initial phase

in its jmplementation that the technology determines

the process. During this phase providing a clear under-
standing of the technology itself is the dorfinate con-

cern. Thus, this phase is essentially technology driven.

The Second Phase (Phase II)

- the stage during which fulfillment and demand co-exist,
and, in fact, in which the proportion and variety of
users is sufficient to accomplish a significant_portion
of the transfer function through referencing, user-imple-

mented information exchange, media reporting, and simply
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word of mouth. The technology is well on its way
to becoming "a household word". The main concern
of technology transfer will be working with the
users by supporting their transfer efforts, by
assisting in assuring the transfer of fact and
elimination of fiction. Transfer efforts of the

program and the user will co-exist.

The Final Phase (Phase I1i)

- that phase when existing technology has been
sufficiently explored and' exploited that users

are able to identify on-going needs and provide the
feedback which should, and hopefully will, give new
direction o technology. Just as technology transfer
is a dynamic process, so must the technology itself

be dynamic. The use of technology has always led to
new directions and on-going refinements. So must

be done here. The emphasis in the technology transfer
process is now verification and feedback as the tech-

nology becomes user-directed.

In order to accommodate the unique requirements of each phase, the

Western Region Applications Program will

have a modular and extremely flexible structure. It wiil also
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have the capacity to assist users in varying phases of the
process as well as handle varying technologies in different
phases simultaneously. These technologies could be represented
by Landsat 1 and 2 in Phase III with Landsat C in Phase II
and Landsat D in Phase I, or Seasat in Phase I and one of

the Landsats in Phase 11.

Simuitaneously, the components of each function within the
technology transfer process will have sufficient impermanence

to be readily modified or eliminated as industry and academia
assume those prudent risks from which their profits and growth
and the nation's economic well-being and technological Teadership
are maintained. In fact, one of the surest measures of success
in technology transfer will be the assumption by industry and
academia of their designated roles, Such
role assumption can only be achieved through making technology
transfer a synergistic and cooperative venture in every facet

of the process. The crucial element will be direct interface
between users, industrial suppliers, and academia with the NASA-
developed technology the point of common interest. This will be
encouraged by external participation in each function within the
Western Region Applications Program organization in each phese

of technology transfer.

Although each phase will be described in detail, there are elements



that are common to all. These elements the same as and will
interrelate in the same manner as those in the technology transfer
process itself; that is, awareness, liaison, training demon-
stration and application, as the Western Region Applications
Program works with and within the 14 states. Some points are

comnon to ail phases and will be amplified here.

The program has been structured with a single, clearly identifi-
able, interface for each function. This is essential for two

reasons.

{1) those external to NASA must have a focal point
for concerns and information of a given type,
(2) that single focal point will be able to provide
perspectives on the area of concern that cannot
» be achieved through diffused and segmented respon-

sibility.

Each functional area of the organization {Figure 3) will interface
with all sectors - federal, state and local governmental, academic,
and private. (A chart graphically depicting the relationships
proposed throughout this plan is included as part of tne summary.
It is through this broad interface that the synergism and bencfits
of varying and interlocking ideas competing in an open arena will

be gained.
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The inclusion of all levels of government in "outreach”

programs is a generally accepted concept. This acceptance
is extended by many to include academia. That the private
sector should be treated by such programs with parity is a
less accepted principle. Yet this sector’s full and equal
participation is essential to technology transfer because
of 1ts capacity for independent action and the multiplying

effects of its investments. The circumstances under which

a governmental entity can match these capability are Timited.

In the private sector application of technology readily trans-

lates into new jobs and services. In the private sector risk

capitol js truly available. But the risks must be reduced to

prudent levels. It is in minimizing the risks that technology

transfer can play a major role -

* . firstly, through general education.

* secondly, by maintaining a body of reference
information in terms of existing applications
and techniques,

* thirdly, by providing a mechanism for feedback
and new direction,

* and finally, by briﬂging together those offering
services and equipment with those in need of such

offerings.

SAE
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The Western Region Applications Program will do all these things.
Thus, while the plan itseif concentrates on regional, state and
local governmental entities, private sector participation will

be encouraged and accommodated in all functions.

It is extemely important to point out here that the objectives

in staffing each function is to maintain a permanent nucleus

of capability and obtain external participation wherever possible.
This will result in a lean and efficient organization. There is
no desire to build a technology transfer empire. This will be

true within each function.

Incorporated into each major function of the plan is a reporting

and analysis system which should assist greatly in the assessment

of the technology itself, technology transfer and user commitment.
These raporting systems might help to end circular discussions

of the type presently surrounding Landsat as to whether
the Federal government can commit to an operational system in the
absence of prior commitments to operational use on the part of

the user community, versus whether the user and producer communities
can responsibly make the investments necessary for such commitments
in the absence of Federal assurances to continuity as well as
on-going development to meet currently unfulfilled and future

needs. This is, of course, a problem of national magnitude.

-

There is another area that 1s national in its scope but has a

S3e
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direct bearing on the success of the regional programs. This

is the problem of the need for information exchange on a nation-
wide basis. The system and vehicles necessary to achieve this
jideally belong in the hands of NASA Headquarters Office of
Applications. They are identified here because they are a major
dependency 1n the Western Region Applications Program. The first
is the need for a comprehensive directory of available services
and equipment, private and governmental in the case of services.
The second is the need for an applications information system.
It can be as simple as a reguiarly updated 1ist of appilications
by type and sources of detailed information to something as
sophisticated as an on-line data bank of key-words-in-context
and application abstracts. An applications information source
15 essential to the success of the total program. The nation
cannot afford for each region to independently operate within

its myopic environment.

There are major issues invelving the prerequisites of technology
transfer that are not being addressed by this plan. Essentially
these are the 1ssues of policy and are beyond the scope and mission
of the Western Region Applications Program Plan. They include,

but are not limited to, such issues as a clear definition of roles,
governmental and private, in the space and space derived data

programs themselves, a definition of appropriate barriers between

331



government responsibility and commercial opportunity, and

a protection system for proprietory information and processes
in a cooperative environment. Much of the success of this
hffort is dependent on the resolution of these issues, but

that resolution must rest with policy makers at the highest
level. Within the provinces of the Western Region Applications
Program, mutually agreed upon procedures will be implemented 1n

order to proceed in the absence of policy direction.

In summary, technology transfer as performed by the Western

Region Applications Program will:

* provide an understanding of NASA-developed
technology and its potential uses and benefits
in meeting the operational needs of today's
complex society-public and private,

* assist 1n the assessment of these technologies
for specific applications and in the determination

of future developments.

Its mission is not to fund, and not to implement, but to establish
and propagate awareness and assist in demonstrations of the many
uses and benefits of the space tools developed by NASA and of

vatue here on Earth.
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“II. PHASE I - TECHNOLOGY DRIVEN

1.0 OVERVIEW
1.1 OBJECTIVES

As explained previously, in the initial phase of technology transfer
the user environment is characterized by a large and largely un-
fulfilied requirement for the output of a given technology.

Part of the lack of use 1s ignorance of its existence, part

to lack of understanding of its uses, and part to human 1nertia

or an unwillingness to pioneer. Therefore, the objective of Phase
I must be a maximization of exposure to the technology and the uses
to which it has been applied through every means available. This
exposure is essential 1f the true value of the technology is to

be established with minimal absorption of public funds and if a
maximal return on past investments is to be realized through the

benefits of use.

In order to accomplish this exposure, or awareness, all of man's
sensory perceptions will be engaged - hearing, seeing, doing.
Wherever an aggregate audience can be established within one of

the 14 states, the word will go forth. The use of media will help
to identify the existence of areas of interest, on-siée presentations

will help to establish the degree of such interest, the use of a
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mobile facility equipped with communications and demonstration
equipment will help to establish the level of understanding,

and all functions within the Western Region Applications Program
will fulfill their design objectives of establishing the Tevel

of need and the degree of commitment.

The methodology for achieving this goal is explained function-

by-function.

ORGANIZATION

The overall Western Region Applications Program organization for
Phase 1 is identical to that presented in Figure 3 of the Executive
Overview. In fact, this organization holds throughout all phases.
It is the degree of staffing which may increase with demand and

the area of emphasis which will shift from one phase to another.

At the outset, User Awareness will have the greatest burden. Yet
its activities must be tempered by the capacity of the remainder
of the organization and/or external resources to accommodate the
interest generated. There will be & "no promises we cannot keep"

approach.
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1.3 ANTICIPATED ACCOMPLISHMENTS

The initial technology to be transferred by the Western Region
Applications Program will be satellite remote sensing of the
Earth's resources, Landsat. Therefore, all anticipated accomplish-

ments will be defined in terms of it.

By fiscal year-end 1978, media utilization will be well underway.
The mobile van facility will be on the road and its use tested

in the Pacific Northwest Region.

The major anticipated accomplishment within the 14 western

state governments by fiscal year-end 1979 would be that:

* each state will have identified, and assessed

« the potential for development, a primary area
of interest in Landsat technology,

* at Teast one university within each state will

be training instructors in Landsat technology.

The timetable for private sector utilization of Landsat on a

cross industry basis cannot be predicted; however, the degree to
which it accelerates, governmental entities will accelerate. In
any case, the goals for the initiation of Phase I will be met by

the above accomplishments. That which can be achieved above and

S35



~16-

enumerated items will be aggressively pursued.

2.0 OBJECTIVES AND RESPONSIBILITIES BY FUNCTION

2.1 OFFICE OF THE DIRECTOR

2.1.1

OBJECTIVES

Clearly the objectives of the Director are to:

* Maximize the number of users and awareness of

potential users of NASA-developed technology.

* (Qversee as effective and efficient organization

as is possible.

Inherent in the achievement of both of these objectives 1s
the goal of responsiveness; responsiveness with maximum
competency and minimum bureaucratic procedure. The tie-in
bewteen the transfer process and the organizational structure
is designed to be the first step in achieving that goal. The
use of external resources wherever and whenever possible 1s

another,



Other steps which fall under the purview of the Director

are:
* gbtaining necessary funding and support.
* incorporating into the basic structure, through over-
sight, a dynamic system of assessment and guidance.
* providing the interface for private sector suppliers

of services and equipment.

Through judicious use of these tools the stated objectives will
not only be met but protection of the public good will be assured.
How this w11l be accomplished will be specificed in the following

discussion.

2.1.2 SCOPE OF RESPONSIBILITIES

The executive, managerial, and administrative reponsibilities
1nherent in any directorship, public or private, will be assumed.
The activities to be discussed here are those for which the

director is the Western Region Applications Program interface.

2.1.2.1 HWRAP Demonstration Center
The key and underlying reason for the Demonstration Center
is the need for direct communication between user, pofential

user and suppliers of services and equipment in an environment
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of free exchange, i.e., non-government presence. Where
technology has not yet been understood or accepted, the
opportunities for such exchange are rare and costly for both

the potential consumer (if any assessment of offerings is

to be made} and the supplier (if a large audience which

has not achieved a critical mass is to be reached). The

Western Region Applications Program wiil attempt to provide

that critical mass of users, will create an environment in
which free interchange can occur, and in turn, will ask industry
to provide, as its expense, the materials, personnel or equip-

ment to make this opportunity a reality.

Simply stated, the Demonstration Center will be space and facilities
jnitially provided by WRAP for suppliers to publicize their
offerings through displays and handouts, presentation oppotu-
nities, and eventually hands-on demonstrations of equipment.

The 1dea is to have as many vendors housed in the same

facility as possible with a rotational mechanism when supply

exceeds demand. This will maximize user exposure to a variety

of offerings and simultaneously stimulate innovation through
competitive exposure. Facilities will also.be available

for confidential exchange between perspective users and hopeful

suppliers.
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This is a concept which the users welcome. To grasp which
is available in the markatplace under convenient circumstances
has always been a goal. Suppliers initially.

while receptive to the idea, will
approach its implementation cautiously. Displays and pro-
motional materials will be readily available. Guest lecturers
for user groups will be fairly easily provided. Coordination
of schedules represents the most significant requirement for
participation of this type. However, demonstration equipment
and on-site personnel represent major investments. They will
only be supplied if the depth and scope of interest generated
by the Western Region Applications Program justifies the
1nvestment and the terms and conditions of installation provide

appropriate protection.

This step-by-step approach conforms to a principle inherent

in the Western Region Applications Program. Each progressive
step and degree of involvement i1n all functions and phases of
the program must be justified by the results of the previous

exchange.

To accomplish the goals of the Demonstration Center, suppliers
will be sent regular notification of user schedules and pro-

files. These and other logistics will be resolved as part
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of the implementation plan, but the intention is to provide
these services through external support.

In addition to the user-industry interface, a maximum of
seven demonstration center participants elected from the
total area will be asked to act as an advisory and review
board on the state-of-the-art. Much of the success of the
Western Region Applications Program is dependent upon a
detailed awareness of what 1s available n the marketplace
and how is it, or can it, be used. The resources of the
Western Region Applications Program and NASA 1tself are

too limited to achieve an equitable awareness independently.

Because of rapid changes in non-space technology and new
developments as the market grows, it would be advisable for
th1s group to meet four times a year. Membership should
include as many differing areas of industry expertise as

possible.

This group differs from another proposed group, the Technology
Transfer Advisory Council, in that its primary emphasis will
be on the details of whal 1s being taught or demonstrated by

NASA, the content rather than the process of technology transfer.
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2.1.2.2 TECHNOLOGY TRANSFER ADVISORY COUNCIL
The director of a regional technology transfer center
cannot be expected to accept the burden of achievement
without the benefit of advice and counsel. To provide
this, it is essential that a body of experts, not
credential seekers, be established to assess direction,
results and goals, and provide guidance on how to
proceed. It would be necessary for such a body to meet
three times a year, issuing interim reporis and an annual
evaluation. The composition of the body would include
representation from all end-user segments, supplier
industry, and academia, yet it must be small enough to
accomplish its objectives in a short period of time.
In order to accomplish representation of all users while
maintaining parity among end-users, providing repre-
sentation of indirect users, and yet 1imiting size, the

following recommendation 1s made:

* End-User Representation
- 2 representatives elected by and from
the 14 western states
- 2 federal-user representatives from
activities within the 14 western states
- 2 private sector user representatives

from businesses within the 14 states

T
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* Indirect-User Representation
- 2 supplier industry representatives
- 1 from the equipment industry
- 1 from the service industry
- T academia representative from an institution

within the 14 states.

Term of participation would be two years.

The work of this body would not only achieve the goal

of assuring the public good in Western Region Applications
Program activities, but it would provide objective material
for the Space Applications Board, for NASA, for Congressional

Subcommittees, OMB and the Executive Qffice.

2.2 USER AWARENESS
The tasks of reaching out', capturing the attention, imagination
and interest of a potential user of any technology are manifold.
First a receptive climate must be created. Then the imagination of
the intended recipients must be stimulated. Finally, all of the
real obstacles, as well as the psychological ones of human inertia
and reticense must be overcome. Only then can a willingness to
accept innovation, and that 1s what technology transfer is, be

achieved. But in taking that initial step of creating a receptive
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climate, the current Tevel of understanding must be established.
This implies the capacity to respond to opportunities as well
as the ability to create them. Thus, the complexities of User

Awareness are established.

Assuming the desired environment is achieved, the User Awareness
staff will serve as an information clearinghouse and feedback
mechanism for news from and about users, industrial developments,
university education offerings, and technology achievements.
Finally, this group must support awareness activities initiated
by users, industrial supplies aqﬁ universities as well as by the

media. -

Direct cooperation is essential in projects through which potential
users will gain a broad understanding of the technology to be
transferred, its applications, and its development. Since this
audience 1s si1zable and its information sources diverse, mutliple
media is needed to reach users and multiple exposure to help them
retain the message. Publicity will be a prime vehicle . . . news
about demonstration projects, cooperative relationships, equipment.
applications . . . In consumer prints and broadcast media, trade

and specialized publications. "Piggybacking" on existing industrial
trade shows in a cooperative venture to be utilized. Participation-
through speakers, papers, presentations, or displays --in conventions,

workshops, or seminars held by professional assocjations 1s another.
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Public events, museums, even retail outlets may be explored.

And in all the communications tools developed for these ventures--
publicity materials, literature, films, audiovisual disp{ays--

the working principle of user-oriented content, style, and

delivery will be exercised.

From this wide audience, of course, will come a smaller group
of potential users who have a real and immediate interest in
involvement. They require more specific applications information
and face-to-face, interactive meetings, with the Western Region
Applications Program personnel or other users, to discover what
they need to know. The Western Region Applications Program's
"technology transfer on wheels" ~- the mobile facility--
could bring a personal, controlled environment for such meetings
right to their doorsteps. Workshops and seminars, with industry
and university participation, can do the same. These direct
meeting possibilities can be geometrically expanded--and their
costs reduced--by using teleconferencing or presentaticns through
CTS or existing wide-flungvideo networks 1ike the one operated
by the Veterans Administration Hospitals Cooperatively--produced
materials, especially applications profiles, form a critical backup
. . carrying real case histories to an audience that needs to see

results from arenas similar to its own.

Clearly, the execution of all User Awareness activities is largely

dependent upon User Assistance, User Liaison, and User Application
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Projects, as much as it is on external groups. More exactly,
User Awareness will enjoy give-and-take relationships with
all of them, and with other Regional Applications Programs and
NASA Headquarters, as all work toward successful transfer of

technology.



2.3 USER ASSISTANCE

2.3.1 OBJECTIVES

2.3.2

The objective of User Assistance is to provide technical
assistance in developing a clear understanding of the uses

of , and approaches and equipment for applying, NASA-developed
technology. This technical assistance will include not only
direct involvement in the technology and equipment provided by
the Western Region Applications Program's facilities and the
Demonstration Center, but university course work and help in
defining specific programmatic and data needs, and technical
guidance in program planning. In other words, User Assistance
means helping the potential user to assess the technology and,

where its use 1s justified, get his own program underway.

PHILOSOPHY/SCOPE
As elsewhere in the plan, the Western Region Applications
Program group will act as the catalyst, the coordinator and
the supporter rather than the implementor of assistance in so
far as possible. This will be achieved by:
* WRAP training of university instructors in
the technology and equipment to fill the gap
between user needs and courses available at

EROS
* soliciting of presentations to user groups by

experts for service and equipment suppliers,

both 1n general course work and specific applications.
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* providing the opportunity for hands-on
training at the Western Region Applications
Program facility, in the mobile van facility

and hopefully in the Demonstration Center.

When the Demonstration Center is equipped by a variety of
suppliers and their personnel, it should become the greatest
single asset to technology transfer available in the Western
Region Applications Program. It will bring together the
elements necessary for on-going use of technology -- users,

suppliers and educators.

Incorporated in the philosophy of User Assistance is the con-
viction that the maximization of working group involvement
both at managerial and staff levels and a clear definition of
specific assistance functions are essential to the achievement
of technology transfer. In providing the assistance function
and attempting to jnsure total user department or agency
involvement, edch activity will seek to establish the user's
ability to perform, independent of NASA, all on-going require-

ments, including in-house training.

In-so-far-as capacity permits, User Assistance will accommodate

all potential users.
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2.3.3 DUTIES AND RESPONSIBILITIES

2.3.3.1

User Assistance has responsibilities in three main areas:
* Training,

* Technical assistance,

* User services,

each of which will be discussed here.

TRAINING

As already stated the initial responsibility of User Assistance
is the training of university instructors in the technology.
The goal is to establish expertise and curviculum in at least
one university within each of the 14 western states. However,
since the overwhelming responsibility of the Program is to
potential users, university training will be conducted con-
currently with users at the outset. As the universities assume
their teaching roles, the Western Region Applications Program

will correspondingly reduce its activites in these areas.
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Every effort will be made to tailor the courses to the user
group in attendance while maximizing total enrollment to achieve
the economies of scale. Items related to the use of a given
technology will be identified and included in the training

wherever feasible and practical.

During this initi1al phase of technology transfer, the Western
Region Applications Program plays a major training role. This
role should shift to academia and 1ndustry as the transfer

process progresses, leaving the Applications Program free to

assume the responsibilities of another NASA-developed technology.

2.3.3.2 TECHNICAL ASSISTANCE
Technical assistance will be provided by the User Assistance
group in a variety of areas. This group serves as a pipeline
to and from User Applications Projects and as such must identify
such potential projects and work with User Liaison to assure
a thorough understanding by the user of their implications
and responsibilities. It will also serve as a Federal interagency
communications vehicle and provide planning and implementation
assistance, and spectal seminars and briefings using its

discipline specialists staff.

2.3.3.3 USER SERVICES

User Assistance will assist in the production of documentation
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of Applications Projects and publications addressing the
technology, its technology transfer process and user activites.
It will maintain a reference library at the WRAP facility for
the use of personnel and guests. A tour service, incluaing
technology demonstrations, will be available to vistors to

the facility. Such tours will be coordinated to include the

Demonstration Center.

2.3.4 DEPENDENCIES

The most obvious determinant of achievement will be the limitations
placed on training capacity/enro]lmeﬁt by budgetary and timing
constraints. But beyond these items which area always present,

the déve]opment of, and industry and user contribution to, a
national data bank of application case histories is essential to
an efficient transfer of technology. Such case histories provide

the realism in the User Assistance process.

2.4 USER LIAISON

2.4.1

OBJECTIVE
The major focus of the user liaison function is the maximization
of opportunities for public agencies, and private enterprises

within the 14 western states to evaluate NASA-developed technology.
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The emphasis is on public agencies where identifiable targets

are readily available and procedural mechanisms can be established
on a state-by-state basis as opposed to establishment-by-establish-
ment. Each state will be given the opportunity to test the

technology against its statutory and operational needs.

PHILOSOPHY AND STRATEGY
The basic philosophy which drives the Western Region Applications
Program

is that all activities must be user
driven. By implication, the initial and key element of the program
must be an effective mechanism for communicating with the entire

potential user community with the region.

In interfacing with the state and local governments, the strategy
for 1iaison activities will be to utilize the expertise of a person
familiar with the workings of state and local government within
the region being served and to 1dentify a key contact person within
the jurisdiction. This strategy calls for a "top down" approach,
e.g., starting with the appropriate elected official (or his or
her immediate staff), moving to agency heads and, as appropriate,
down through the agency structure. It also calls for each level

of management to decide if it is appropriate to proceed further.
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In the "perfect" case, thus decision will be based on:
(1) the credibility of NASA and the Western Region
Applications Program
(2) the thoroughness of the exposure to the technology
provided by the Program, and
(3) the appropriateness of the technology to the real,

or perceived, needs of the jurisdiction.

Experience in the Pacific Northwest has shown that unless each
managerial level is satisfied on each item, an actual demonstration
project or independent operational test will not, and should not,
be undertaken. Conviction to proceed 1s paramount to future
operational mplementation. It is the primary responsibiiity

of the liaison staff to see that ttems (1), (2), and (3) are

achieved in the decision-making process.

ORGANIZATION AND RESPONSIBILITIES
The 1iaison function will be organized around a Regional Liaison
0fficer-someone thoroughly knowledgeable in the inner workings

of state and local government, the more cumbersome and rigid
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environment 1n which to function. It will be the responsibility
of these individuals to be "translators" between those whose
mission 1s training, assistance, demonstration, and feedback

within the Program, and the users.

Eventually, each of the federal regions encompassing the 14 states
(Regions VII, IX, and X} will have a Tiaison officer working and
physically residing within the region. This 1s of primary 1mpor-
tance. An ndividual with "inside” credentials, stationed within
the sector, will be perceived positively by state and local
officials. Throughout the program, i1t w11l be important for the
liaison to be 1dentified as an ombudsman who can solve potential
user problems and be both translator and buffer between NASA

and the user community.

As the number of siates actively involved 1n the Program increases,
the number of individuals performing this function in it increase.
Initially, the Program will start by dividing the states into

two sectors, the northern and southern, and assigning two

Lia1son Officers.

DEPENDENCIES
There 15 a heavy burden upon the 11ai1son officer because of the
tremendous dependencies on the rest of the organization for

accomplishment. For example, it would be counter-productive to
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move a state or agency toward a possiblie demonstration and

then not be able to honor the commitment, whether mmplicit

or explicit! If one examines the past history of attempted
technology transfer with Landsat, the only states with meaningful
commitments to operational use, albeit somewhat tentative, are
those which have had a broad spectrum of potential user agencies
and their personnel nvolved in a series of demonstrations.

By contrast, the private sector 1s quite capable of independent
actioh once necessary information and preliminary assistance

1s pravided.

USER APPLICATIONS PROJECTS

OBJECTIVE

Once 1irai1son and training have been established, the focal element
of the Western Region Applications Program will become the User
Applications Progects group. The objective of this group is to
work with users 1n organizing and performing demonstration pro-
Jects as devices for assessing the operational value of NASA
techrology To state 1t another way, the objective 1s to provide
the potential user with the opportunity to prove the value of the
technology 1n the solution of a real problem in 1ts actual environ-
ment  The potential users will be moved closer to the reality of

actual users, closer to a success 1n technology transfer.
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2.5.2 PHILOSOPHY AND STRATEGY
The general philosephy in conducting demonsiration projects is
that ﬁhe user must be "walked" through the solution to one or
more sample problems in a highly supportive environment with .
ample and increasing opportunities for totally independent
functioning. It is during this process that understanding of
the technology can be assessed as well as the potential value

of the technology estimated.

In keeping with the basic tenets of the Western Region Applications
Program, specific tasks within each Appliications Project will be
offered to private industry on a competitive, fixed price basis.
This will not only encourage private industry involvement, but

1t w11l Increase user-supplier interfaces Based upon previous
experience, sufficient resources must be available to undertake

a minimum of four discipline demonstrations for each state in which
pursuit of a technoiogy i1s successfully initiated. In most cases,
the existence of a previous success elsewhere in a demonstration
project alone w111 not obviate the need for direct participation

with a new user
Whenever possible, User Application Projects will attempt to

demonstrate multipie NASA-developed technologies 1n a single

effort. For example, between November 1977 and May 1978, the
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Mobile Analysis and Telecommunications Experiment will attempt

to demonstate the feasibility of conducting Landsat image

analysis with a remote interactive video terminal through

both satellite communications and Tand line telecommunications
systems. Various communications and processing strategies will

be tested. Insights gained in experiments such as this one,

as well as those provided by the participants in the Demonstration
Center w11l be passed on to subsequent potential users to shorten

the cycle to operational.

ACCOMPLISHMENT AND DEPENDENCIES

Each User Applications Project will be documented for future

reference by thi1s and other users, WRAP personnel, NASA Headquarters
and other Regional Applications Programs, and %ndustry. WRAP
personnel will work with the user to document the problem description,
solution tecnniques attempted or used, their success or failure

and an assessment of the potential value of the technology for this
particular use The value of this documentation to the total program
1s of such magnitude that 1t makes every User Applications Project,

regardless of outcome, a success.

The major dependency of User Applications Projects 1s the avaii-
ability of participation by a variety of equipment and service
suppliers willing to provide fixed-price services and work on a

task rather than project basis.
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III  PHASE II - CO-EXISTENCE
1.0 OVERVIEW

As stated 1n the executive overview, Phase I1 of technology
transfer is that intermediate period during which a sufficient
body of experienced users exist to assist in the process 1tself,
not through any formalized or institutionalized structure but

as the outgrowth of their normal activities. Involvement of

the Western Region Applications Program will remain élways
cooperative with these users, but 1ts role shifts from one of
ini1tiation to one of support as awareness moves through successive
stages to operational systems. Support of "user-driven" User
Awareness is essential; users learn best from each other's exper-
iences and results, not from NASA's. (Referencing an earlier
statement only the user can transfer technology.) That belief
leads to a commitment that content, style, and delivery of User
Awareness will center on users talking to users, universities

addressing each other, and industry passing the word.

This working principle lends 1tself to better understanding; a
user, for 1nstance, automatically addresses a potential user's
question, "What does this mean to me?" It also lends 1tself to

more efficient communication. As more potential users become

Sy



aware, the Western Region Applications Program cannot shoulder
the entire responsibility. As an outgrowth of this sharing
of experience, new uses and better techniques w11l develop,
mmproved performance requirements w11l be identified, and the

continuity of the program assured.

As part of the support provided to users during this phase,
User Liaison will assist operational networks in providing
demonstrations to potential users within the state or across
state boundaries. TH1S function will also coordinate resources
in facilitating the transition from demonstration applications

to operational environments in those states and agencies where

an wmplementation decision has been made.

Because there still remains a large base of potential users, the
activities of User Assistance will not substantially change. In
Training, greater use will be made of case histories and user
references. These will be made available to academia as quickly
as possible since they should be firmly established in training

by th.s period. In fact, assistance n documentation of completed
demonstrations and users experence becomes a major activity for

User Assistance.
At this point 1n time, the Demonstration Center should be fully

equipoed by Industry and they should be conducting a very productive

13
nterchange witn users independent of WRAP activities. Their support
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Their support of WRAP activities will not be eliminated.

As demonstration projects reach their conclusion, the User
Applications Projects group will concentrate on assistance

i analysi1s of results and approaches for transition to
operational. This group will be able to feed valuable infor-
mation into all aspects of the system - NASA development, user
guidance, ndustry guidance, academic knowledge - as a result

of these analyses.

This 1s an exciting period. It 1s the make or break point for
any technology. If experience shows that use cannot be justified
without modification or new direction, pursuit of the "as is"

should be abandoned.
I¥. PHASE II1 - USER DIRECTED

1.0 OQVERVIEW
Assuming a given technology has been accepted and put 1nto
operation, 1ts use will mature to the point of inadequacy or
obsolescence. Before this point 1s realized, the mechanisms
must be n place, and working, to assure the technology keeps
pace with the users. Exercising these mechanisms 1s the major

focus of the Western Region Applications Program during this
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phase. Clearly, thers are few 1mitiatives that will be made
by WRAP durihg this period that are not 1n response to user

experience or demands.

While User Awareness will continue to emphasize the value
achieved by users, it will also highlight how greater value
can be attained. User Liaison and Assistance will find 1tself
more and more in a feedback mode of operation. At times, the
feedback w111 be directed at industry rather than NASA when
equipment and/or services are insufficient to support the full
potential of the technology. These requirements will be passed
to industry, as will be done with academia 1n the case of

educational requirements.

In the case of User Applications Projects, this period offers

three new responsibilities

(1) verification of the inability of current technology
to handie the user requirement cost-effectively
(2) validation of the cost justification for this application
(3) working with the user, documentation and transmittal
of each new reguirement to NASA applications development,
and, upon receipt of 1ts disposition from Headquarters,

transmittal back to the user,

S0
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Thus, the feedback system w11l be complete and the technology

will become user-directed.

The phases delineated in this plan w11l generally be experienced
by each technology. But it should be emphasized here that no
attempt will be made to synchronize technologies by phase. 1In
other words, the Western Region Applications Program is prepared
to handle multiple technologies in differing phases, as stated

in the Executive Qverview.

SUMMARY OF WESTERN REGION APPLICATIONS PROGRAM

BGENESIS:
NASA enactment charter -
National Aeronautics and Space Act of 1958

(72 STAT. 426; 42-U.5.G. 2451 SEQ) as amended.

KEY PHILQOSOPHY,
User-driven technology transfer program based on the establish-

ment of i1nterperscnal relationships in developing competency.

UNDERLYING PHILOSOPHIES:
* A backbone of expertise within NASA supplemented by
contracted services enabling fiexib111ty and cost

effectiveness as multipie technologies are approached.
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* Direct interface between users and supplies

wherever possible.

PHASES OF TECHNOLOGY TRANSFER:
(Determinants of approach):
* Initial Phase - Technology
* Intermediate Phase ~ Co-existence between technology
and user experience.

* Final phase - User experience.

COMPOSITION OF EACH PHASE OF TECHNOLOGY TRANSFER AND THE
WESTERN REGION APPLICATIONS PROGRAM -

Awareness

Liaison

Training and Assistance

fpplications Projects (Demonstrations)

Applications Systems {Technical Support}

PERFORMANCE RESPONSIBILITY OBJECTIVES.

See Figure 4.

TARGETS OF TECHNOLOGY TRANSFER WITHIN 14 WESTERN STATES:
Potential users in:
Federal
Regional, State, and Local
Private

“hctoms
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PERFORMANCE RESPONSIBILITY OBJECTIVES

FUNCTION NASA ACADEMIA INDUSTRY
Awareness X
L1aison X
Training:

Trainers b4

Users X X

Equipment X
AppTications Projects.

Management X

Coordination X

Technical Support X
Follow-up X

FIGURE 4
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ATTACHMENT A

CHARACTERISTICS OF PROGRAM PLAN

Organization with abiiity to handle multiple technologies
Mechanisms for external guidance and assessment

Flexible, cost-effective approaches providing base for
future developments

Imnediate start with Landsat technology

Early introduction and encouragement of industry
narticipation

Industry demonstration center ~ Independently administered
Mobile van facility
User technology assessment and reporting system

University participation in training

S
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ATTACHMENT B

WRAP DEMONSTRATION CENTER
IMPLEMENTATION PLAN

Step 1.

Ident1fy and obtain the support of a non-proft, non-governmental
organization having substantial industry connections and/or interests
to administer the participation of industry 1n a demonstration center
facility provided by the Western Region Applications Program for the
benef1t of free exchange and direct interface between potential users

of a technology and the suppliers of equipment and services.

Step 2. _
Obtain an agreemént on the services to be provided. Those desired
nciude
a. Announcement of opportunity to potential participants
(announcement Tetter clearly defining the nature of

the opportunity and a 1ist of known targets will be

supplied by WRAP.)

b. Coordination of participation. There are space and
facilities timtations at WRAP as well as "length of
commitment” Twmitations within industry which must be
coordinated. In addiytion there must be an intermix

of equipment and services.
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¢. Preparation of a quarterly supplier participation

calendar for WRAP.

d Transmittal of monthly WRAP visitor and user activity
schedules to industry. (These schedules will include
the name and telephone contact within WRAP for each
activity, so that follow-up will not be part of the

required service )

e Maintenance of 1istings (by Company, address, telephone
number and contact) of all approached and contact status:

participation, rejection, no reply, etc.

f  Demonstration Center Advisory Review Board election.
Usinhg the guidelines provided by WRAP, conduct an election

among the participants to form this board.

tep 3

Negotiate term for which services will be provided
ten 4,

Determine funding required for services provided and mode of

reimbursement

CTAA



Step 5.
Proceed upon mmplementation of Western Region Applications

Program Plan.
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ATTACHMENT C

QUESTIONS AND ANSWERS ON TECHNOLOGY TRANSFER ARRANGEMENTS WITHIN THE WESTERN
REGION APPLICATIONS PROGRAM,

Q. 1Is the WRAP organization interim or permanent?
A. The organization presented cannot be classified as interim or permanent

because 1t will be shaped and reshaped by experience.

Q. What are the types of participation in the program?

A. NASA, Academia, and Industry offering a spectrum of services from
General Awareness to Hands-on Training and Feedback to Potential and
Current Users from the Federal, Regicnal, State and Local, and Private

Sectors.

Q. Is there a separation or integration between development (NASA) and
Use (Users)?

A There 1s a healthy separation in that WRAP will not perform the users
Job. There 1s an 1deal intedration i1n that WRAP will provide training
and assistance utiiizing those resources which have the on-going mission
within our sccietal structure - academia and industry. The integratian
goes a step further by providing the mechanism for incorporating users’

on-going requirements into future development determinations.
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How will the effort be financed and controlled?

The broad efforts of technology transfer will be financed by NASA.
These specific tasks contracted to Industry or Academia will be
controlled by NASA. A1l other areas, even those where NASA provides .
specific encouragement of direct user-supplier interface, will be

free of control.

How will the process be managed?

At the national level of management, NASA Headquarters will hold
periodic reviews At the WRAP level, the Program and Functional
Directors and Officers will manage the process with the benefit
of guidance and review by the WRAP Technology Transfer Advisory

Councit.

W11l all sectors have access to the organization as well as the
technology?

Yes, but the primary emphasis will be on State and local governmental
ent1ties which have less flexibil1ty and fewer perogatives 1h obtaining

the services offered by the organization.
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NASA’s Western Regional Applications Program:
What Does it Mean to You?

The data crunch is here,

And you know how it feels Today, you need more information than ever before about your
state’s natural resources from impact statements to monitoring data The question 13, how
do you get it?

Landsat may be part of the answer.

WRAP 1s set up to work with you . to find out whether Landsat data can help you make better
decisions about natural resource management for your state And if it can, we'll help you
incorporate Landsat into your data collection operation

We don’t pretend that Landsat 1s the sole solution to alf your problems Or that 1t’s automat-
cally more economucal, faster, and better data than you're getting now But itss a tool that may
help you in your decision-making

Landsat deserves a test. And that’s just what it gets.
1

We call them demonstration projects . smali-scale, clearly-defined programs to test whether
Landsat works for you We'll work with you to set up a traiing and demonstration project
defined by what you need to know

You're the leader . . . but it takes two to tango.

You're the user When we call our program “user-driven,” that means you tell us what you
need In data, in training, 1n assistance We tell you how, when, and where we can provide
those. Together we'll determine who will contribute what people, money, and information
Then we carry on a training and demonstration project At the end of that, we share the
evaluation and if 1t shows that Landsat data makes sense for your state agency needs, we'll
help you merge remote sensing into your gperating system

WRAP’s not in this for you. We're in it with you.

Sure, there are lots of hurdles to overcome in a program like this After all, nobody's really
launched a user-driven technology transter project on a large scale before The point 1s, that if
we work together, we can work 1t out We think 1t’s worth trying We hope you do, too



Give WRAP a buzz . .. for mo;'e information éé)out:

User assistance and training:

Liaison, meetings, news of users in
northern states:

Technica! assistance in applications:

Publicity, conferences, literature, films:

The Western Regional Applications
Project in general:

Dr. Robin Welch

NASA Ames Research Center
Mail Stop 240-4

Moffett Field, CA 94035
415/965-5232

Mr. Mike McCormick
Washington State Office

of Community Development
Room 400, Capitol Center Bldg.
Olympia, WA 938504
206/753-2203

Dr. Dale Lumb

NASA Ames Research Center
Maii Stop 242-2

Moffett Field, CA 94035
415/965-5900

Phoebe Williams

NASA Ames Research Center
Maii Stop 240-4

Moffett Field, CA 94035
415/965-5232

Mr. Ben Padrick

NASA Ames Research Cenier
Mail Stop 240-4

Moffett Field, CA 94035
415/965-5285
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Amerncan tndian Communities

TV Project

American Indian
Languages and Literature
Program

Commurmty Education
Project

Humboldt Co
Recreation P:oject

Indian Mainstream
Industries Project

Koum Een Karuk
Curemonsal Saciety

Muly Cuttural Education
Project

N A S8 A Remote Sensing
Technology Transfer
Project

MNauonal Amernican Indian
Repertory Theatre Praject

Northen Cahifornia Health
Systems Agency Suppoit
Project

Redwoods Community
Devetopment Council
Project

Wood for Senions
Project

THECENTER FORCOMMUNITY DEVELOPMENT

Graves Bldg , (No 25) Graves Annex Bldg {No 30)

ARCATA, CALIFORNIA 95521 TEL (707) 826-3731 (2,3)

H
TOM PARSONS
Director

SUMMARY REPORT ON THE
CONFERENCE OF REMOTE SENSING EDUCATORS
(corse-78)

SPONSORED BY
NASA AMES RESEARCH CENTER
AND
WESTERN REGIONAL APPLICATIONS PROGRAM (WRAP)

SUBMITTED BY:

ROBIN . WELCH
CONFERENCE CHAIRMAN

AND
DIRECTOR,

USER ASSISTANCE
WESTERN REGIONAL APPLICATIONS PROGRAM

JULY 1978

tN COOPERATION WITH CALIFORNIA'S NORTHWEST COUNTIES
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Highl1ghts
CONFERENCE OF REMOTE SENSING EDUCATORS (CORSE-78)
June 26-30, 1978

Sponsored by
NASA Ames Research Center
and
Western Regional Applications Program (WRAP)

Conference Chairman: Robin I. Welch

Host: Dean E. I. Rich,
Department of Earth Sciences
Stanford University

Coltaborators 1n Sponsorship:

U.S. Geological Survey - ERQS Program
Association of American Geographers
American Society of Photogrammetry

The Conference was dedicated to wmproving the teaching of remote sensing tech-
nology and related subjects for earth resources management and environmental
monitoring 1n coileges and universities.

The Objectives of the Conference were. (1) To enhance and encourage the teach-
1ng of remote sensing, both in formal courses and in workshops or short-courses,
(2) To promote interaction of faculties and exchange of 1deas so as to Increase
the effectiveness of remote sensing tratning and education; (3) To consider cur-
ricuium requirements and faculty qualifications; and (4) To facilitate cooperation
between Government, industry users and academic institutions in meeting the
aforementioned objectives.

To encourage and stimulate participation, especially by college and university
professors with minimum experience in remote sensing technology, CORSE was
operated on a budget of $60,000 under a policy of providing transportation and
honoraria to all speakers and workshop panel memebers and providing room and
board on campus for all faculty representatives within the WRAP region

Registered conferees came from the following groups:

4

oo

Universtty & State Colleges, WRAP Region
Outside of Region

Community Colleges

Commercial and Professional

State & Federal {Non-NASA)

NASA/ARC

Foreign

Other Non-University

N
lmn—-ooouooomw

TOTAL 142

0f the people initially indicating intent to participate, only 35 did not show.
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Seven exhibitors had displays at the Conference. 1In addition to Ames Research
Center, the EROS Data Center and the U.S. Geological Survey, Menlo Park, other
exhibitors included- Bausch & Lemb, Inc., Interpretation Systems, Inc., LARS-
Purdue University, Pi1lot Rock, Inc., and Spatial Data Systems, Inc

Accomplishments. In the opinion_of the WRAP staff and three independent sum-
marizers who participated in the Conference, contributions to each objective

were substantial, and some unanticipated benefits were realized. I{ was gen-
erally conceded that an effective mechanism for tmproved communication among

the academic groups and between them and NASA was realized through the Conference.
Interest 1n a follow-on 1s high. The Conference was particularly effective 1n
bringing many interested academicians more up-to-speed in remote sensing or 1n
giving them a better appreciation of education-training needs and opportunities

The Conference achieved an acceptable compromise 1n serving the interests of
both the interested neophytes, represented in some cases by the participants
from community colleges as well as those from institutions engaged in inter-
mediate levels of involvement. The old heads and advanced universities probably
benefited greatly by dialogue with beginners and intermediates and a realization
of what they could do to bring these latter groups into the team with maximum
effectiveness.

One spontaneous resolution, signed by 14 faculty members, was turned over to the
Conference Chairman. It includes some excellent suggestions for NASA's
consideration.

Participants were enthusiastic and wmpressed by an opportunity to tour the NASA
Ames facility. This seemed to significantly boost enthusiasm.

With Bob Barlow and Nick Short representing the other RAP regions, an effective
conference of training staff officers was held. The three regional training
programs and plans were reviewed, 1nitial coordination effected and plans for
continuing dialogue Taid.

Perhaps the most beneficial element to come out of the Conference will be the
Proceedings and especially the dialogue from the numerous Horkshop Sessions which
included (1) Deliberations by sub-regional groups within the WRAP area,

(2) Deliberations on data acquisition and reduction and multimedia techniques 1n
traiming and teaching, (3) Disciplinary academic workshops in forestry, range and
environment, geology/geophysics, agriculture, soils and hydrology; geography,
urban planning and land-use; and in oceanography and water resources.

It 1s particularly significant to recognize that CORSE-78 generated a strongly-
enhanced level of both enthusiasm and momentum for progress. It 1s vitally
important that NASA be responsive to this new situation with positive follow-on
program elements. These must respond effectively to the training and education
needs of academia in the technology transfer process. Given such support, CORSE-73
w11l clearly be a turning point 1n achievement, not just anotner conference with
proceedings to gather dust 1n the archives.

It was often repeated by conferees that substantial progress in education could be
realized by merely giving already involved instructors better working materials.

A significant training program for newly involved instructors was also a generaily
recognized need. Response to both these needs w111 enable NASA to greatly multiply
1ts training staff and realize a critical mass 1n training-education manpower.
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The University Advisory Committee, organized under contract to the University of
Californta at Santa Barbara, met in evenings during the Conference. The repre-
sentation base was expanded and substantial gains were realized toward committee

tasks and the goal of orgamizing a Remote Sensing Science Council among universities
1n the WRAP area.



CORSE-78
ATTENDEES

CAMPUS

NAME/COLLEGE, UNIVERSITY OR AFFILIATION RESIDENT
Aamodt, Melvin H. X
California State College, Stanislaus

Arunkumar, Prof. X
University of California, Los Angeles

Ashiey, Joseph M. X
Montana State University

Atkinson, Natalie O.

Oceanic Society, San Carlos, CA

Atwater, Sue

University of California, Santa Barbara

Avera, Harmon Q.

Bausch & Lomb, Fullerton, CA

Barlow, Robert X
NASA/Earth Resources Lab

Bauer, Ethel

NASA Ames Research Center

Bell, Earl J. X
University of Washington

Benson, Gilbert T. X
Portland State University

Berg, Richard X
_Huxley College

Best, Thomas D. X

California State University, Los Angeles

576

NON-CAMPUS

RESIDENT
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NAME/COLLEGE, UNIVERSITY OR AFFILIATION

Bowden, Leonard
University of California, Riverside

Brennan, George
ISI, Lawrence, Kansas

Briggs, Ben
NASA Ames Research Center

Brimmer, Roger
NASA Ames Research Center

Butler, Camille
NASA Ames Research Center

Chang, Sen-dou
University of Hawais

Chow, Willard (Tim)
University of Hawaii

Colcord, J. E. ,
University of Hashlngﬁgh

Colwell, Robert N.
University of California, Berkeley

Conrey, Bert L.
Califormia State University, Long Beach

Cornwell, Ms. Sally Bay

0ffice of Planning & Research, Sacramento, CA

Cub1la, B1N
Otympic National Parks Headquarters

Dando, Wiltiam A.
University of North Dakota

CAMPUS
RESIDENT

& TF

NON-CAMPUS

RESIDENT
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NAME/COLLEGE, UNIVERSITY OR AFFILIATION

Daniel, William R,
+ Humboldt State University

Danielson, Ronald L.
University of Santa Clara

Davis, Sharley
Purdue University

Deerwester, Jerry
NASA Ames Research Center

Dickert, Thomas B.
University of California, Berkeley

Donahoe, Michael
NASA Ames Research Center

Enders, Sharon
USGS, Menlo Park

Estes, Dr. Jack
University of California, Santa Barbara

Ezra, C Elaine
University of California, Santa Barbara

Finch, Dr. Will1am
San Diego State University

Floyd, Donaild R.

Caiifornmia Polytechnic Univ., San Luis Obispo

Fox, Lawrence III
Humboldt State University

Frazier, Bruce E
Washington State University

CAMPUS

RESIDENT

575"

NON-CAMPUS

RESIDENT
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LORSE-78 ATTENDEES

NAME/COLLEGE, UNIVERSITY OR AFFILIATION

Gerlach, Frederick
University of Montana

Gibbs, Bradford P.
NASA Ames Research Center

Glass, Chariles E.
University of Arizona

Gram, Dr. Ralph
Independent Consultant

Grundborg, Robert B.
NASA Ames Research Center

Hajic, Earl J.
University of California, Santa Barbara

Hal1, David B.
P+lot Rock, Arcata, CA

Hall, Jdulie I.
P1lot Rock, Arcata, CA

Hobbs, Gloria
NASA Ames Research Center

Hoffer, Roger M.
Purdue University

Holloway, Pam
NASA Ames Research Center

Hoos, Dr. Ida
University of California, Berkeley

Hull, Garth A.
NASA Ames Research Center

CAMPUS

RESIDENT

X

NON-CAMPUS

RESIDENT
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NAME/COLLEGE, UNIVERSITY OR AFFILIATION

Ives, Jack D.
University of Colorado

Jaworowski, Cheryi
University of California, Berkeley

Jeyapalan, Dr. K.
California State University, Fresno

Khorram, Siamak
University of California, Berkeley

Kiefer, Ralph W.
University of Wisconsin

Knothe, Kenneth
Treasure Valley Community College

Kolm, Kenneth E.
South Dakota School of Mines

Kraus, Steve
University of California, Santa Barbara

Krebs, Paula V
University of Alaska

Lahey, Dr. James
Oregon State University

Laver, Donald T
EROS Data Center

Lee, Chung-Myun
Universaity of Utah

Leeper, Joseph S.
Humboldt State University

CAMPUS

RESIDENT

NON-CAMPUS

RESIDENT
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LOKSE-78 ATTENDEES
CAMPUS NON-CAMPUS

NAME/COLLEGE, UNIVERSITY OR AFFILIATION RESIDENT RESIDENT

Lemoine, B111 X
Southwestern Oregon Community College

Likens, Bill X
NASA Ames Research Center

Lintz, Joseph Jr. X
University of Nevada

Logan, Thomas L. X
University of Califormia, Santa Barbara

Lumb, Dale X
NASA Ames Research Center

Mairs, John X
Oregon State University

Mamerow, Frederick X
F. Mamerow Associates & Planners, Oakland, CA

Maxwell, Eugene L. X
Colorado State University

McCormick, Mike X
NASA Ames Research Center

McDonatld, John M. X
Unmiversity of Southern California

Mertz, Frederick C. X
University of California, Santa Barbara

Metz, Charlene A. X
Oregon State University

Miller, Crane X
California State Polytechnic Univ., Pomona
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CAMPUS NON-CAMPUS
NAME/COLLEGE, UNIVERSITY OR AFFILIATION RESIDENT RESIDENT

Miller, Diana S. X
Los Altos

Miller, John M. X
University of Alaska

Moffitt, Francis H. X
American Association of Photogrammetry, Berkeley

Mohr, Greg X
University of California, Santa Barbara

Mooneyhan, D. Wayne X
Earth Respurces Lab

Moore, Donald G. X
South Dakota State University

Muhlenberg, Nicholas X
NASA Ames Research Center

Murray, RJay X
Oregon State University

Myers, Victor 1. X
South Dakota State Umiversity

Neal, Victor T. X
Oregon State University

Nelson, Charles X
California State University, Chico

Newcomb, Robert M. X
California State University, Northridge

Niederhof, Richard C. X
Central Oregon State College
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) CAMPUS NON-CAMPUS
NAME/COLLEGE, UNIVERSITY OR AFFILIATION RESIDENT RESIDENT

Nishioka, Kenji X
NASA Ames Research Center

Norman, Sue X
NASA Ames Research Center

Ostresh, Lawrence M., Jr, X
University of Wyoming

Padrick, Ben X
NASA Ames Research Center

Paine, David P. X
Oregon State Unmiversity

Pinneo, Jean X
Student

Plesmid, Kemila X
Humboldt State Unmiversity

Pless, Rita X
NASA Ames Research Center

Popp, Vern X
Sierra Coliege

Poulton, Charles E. X
NASA Ames Research Center

Ridd, Dr. Merrill K. X
University of Utah

Rogers, Dr. Charles X
University of Santa Clara

Ronsiek, Elizabeth T. X
Los Altos

Rosenfeld, Charles L. X
Oregon State Unmiversity
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Vdiae r Blanibeia

NAME/COLLEGE, UNIVERSITY OR AFFILIATION

Rudd, Robert D.
University of Denver

Russell, J. Johnson
Mission College, Santa Clara, CA

Sabins, Floyd F.
Unjversity of California, Los Angeles

Schlosser, M. S.
Spatial Data Systems, Goleta, CA

Schowengerdt, Robert
University of Arizona

Schrumpf, Barry
Oregon State University

Schuitz, Robert J.
Oregon State University

Seevers, Dr. Paul
University of Nebraska

Sharp, Jdames M.
University of California, Berkeley

Shinde, Dr. Karayan
India

Shinn, Duane
University of Washington

Short, Nicholas
NASA/Goddard Space Flight Center

Slater, Dr. Philip N.
University of Arizona

CAMPUS

RESIDENT

NON-CAMPUS

RESIDENT



CAMPUS

NAME/COLLEGE, UNIVERSITY OR AFFILIATION RESIDENT

Smith, Major Charies X
U. S. Air Force Academy

Smith, Dr. James A. X
Colorado State University

Spencer, Page X
University of Alaska

Stewart, Moyle D.
USGS, Menlo Park

Stone, Don | )
American Institute of Aeronautics & Astronautics

Stow, Doug
University of California, Santa Barbara

Strohman, Rollin X
California Polytechnic Univ., San Luis Obispo

Syvertson, C. A.
NASA Ames Research Center

Tabor, Janet X
University of California, Santa Barbara

Taube, Donald W.
University of California, Santa Barbara

Tetlow, Robert J.
University of California, Berkeley

Turner, Brian X
Penn State University

Tyley, Steve
USGS, Menlo Park

U1liman, Joseph J. X
University of Idaho

585

NON-CAMPUS
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CAMPUS
NAME/COLLEGE, UNJIVERSITY OR AFFILIATION RESIDENT

Wake, William X
California State University, Bakersfield

Walkliet, Donn C.
Terra-Mar Associates, Los Altos

Washburn, Gary M. X
San Bernardino Valley College

Weinstein, Richard
NASA Headquarters

Welch, Robin 1.
NASA Ames Research Center

Welch, Thalia
Conference Hostess

Westerlund, Frank V.
University of Washington

HWestin, Frederick X
South Dakota State University

Whitmore, Roy A., Jr.
University of Vermont

Willrams, Phoebe L.
NASA Ames Research Center

Wingert, Everett X
University of Hawaii

Wrigley, Robert C.
NASA Ames Research Center
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NON-CAMPUS

RESIDENT

11

i



CONFERENCE OF REMOTL SENSING EDUCATORS

CORSE-78
Formal Papers and Working Sessions

June 26-30, 1978

Kresge Auditorium
Stanford University
Palo Alto, California

Sponsored by

National Aeronautics and Space Administration
Ames Research Center
Moffett Fi1eld, California
Western Regtonal Applications Program (WRAP)

Conference Chairman Robin I HWelch

Hosted by

Dean E. I. Rich, Department of Earth Sciences
Stanford Umiversity

In collaboration with

U.S5 Geological Survey - EROS Program
Association of American Geographers
American Society of Photogrammetry

Dedicated to wmproving the teaching of remote sensing tech-
nology and related subjects for earth resource management .
and environmental monitoring at colleges and universities.
Emphasis w11l be on teaching techniques, materials, graphics,
field exercises, curricuia, faculty qualifications, and
support facilities, eguipment and services.
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Day
June 26

Kresge
Auditorium

Wilbur Hall

Kresge
Auditorium

NASA AMES RESEARCH CENTER

Conference of Remote Sensing Educators

(CORSE-78)

June 26-30, 1978

Stanford University

Subject

Introduction/Welcome--Dr. €. A, Syvertson, Director,
Ames Research Center, Professor Francis H. Moffitt,
First Vice President, American Society of Photo-
grammetry; Mr. Donald T. Lauer, Chief, Applications
Branch, ERQS Data Center, USGS, Dr. John Estes,
American Association of Geographers

Problem Statement--Dr. Robin I. Welch, Western Regional
Applications Program, NASA Ames Research Center

Coffee Break
Key Note--History and Future of Remote Sensing Tech-

nology and Education; Dr. Robert N. Colwell,
University of California, Berkeley

Lunch

Attributes of a Well-trained Remote Sensing Technologist,
Dr. John Estes, Universtity of California, Santa
Barbara

Coffee Break

A Multadisciplinary Approach to Remote Sensing Education,
Dr. Philip N. Slater, University of Arizona

Remote Sensing Research Activities Related to Academic
Institutions; Dr. Victor I. Myers, South Dakota State
University
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June 27

Kresge
Auditorium

Time
9:00 - 9:35
9-35 - 10.00
10:00 - 10:15
10.15 - 11:30
12:00 - 12-30
1.00 - 2 00
2:00 - 2.15
215 - 315
315 - 4.00
8-45 - 9.30
9 30 - 10.00
10.00 - 10 15

a.m.

NASA Regional Applications and University Affairs
Programs; Mr. Floyd 1. Roberson, NASA Headquarters

NASA Western Regional Appliications Program, Dr Dale
Lumb, NASA Ames Research Center

Coffee Break
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CORSE-78 (Continued) 2

Day Time Subject

June 27 (f 10:15 - 10:45 a.m.) NASA Western Regional Applications Program Training

(cont'd) ~—=— Activity; Dr. C. E. Poulton, Western Regional
Applications Program, NASA Ames Research Center

Kresge
Auditorium 10:45

11.00 a.m. NASA Central Regional Applications Program; Mr. Bob
Bariow, Earth Resources Laboratory, Slidell, LA

11:00 ~ 11:15 a.m. NASA Eastern Regional Applications Program Training
Activity; Dr. Nicholas Short, Goddard Space Flight
Center

11:15 - 11:50 a.m. Opportunities and Problems 1n Introducing or Expanding

the Teaching of Remote Sensing in Universities;
Dr. Eugene Maxwell, Colorado State University

Wilbur Hall 12:00

12:30 p.m. Lunch

Kresge 1:00 1:45 p.m. Developing Curricula for Remote Sensing Educators;
Auditorium Dr. John Russell, West Valley Community College,
Mission Campus

1:45 - 2:30 p.m. The Use of Multimedia and Teaching Machines for Remote
Sensing Education; Dr. Joseph Ulliman, University
of Idaho

2:30 - 2:45 p.m. (offee Breax

2:45 - 3:45 p.m. Textbooks and Technical References for Remote Sensing
Education; Dr. Stanley Morain, University of New
Mexico; Dr. Robert N. Colwell, University of
California, Berkeley; Dr. John Estes, University of
California, Santa Barbara; Dr. Leonard Bowden,
University of California, Riverside; Dr. Robert Rudd,
University of Denver

3:45 - 4:15 p.m. Short Courses and Special Support Activities at the
EROS Data Center; Mr. Donald Lauer, Sioux Falls, SD
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June 28 8:30 - 12.00 p.m. Workshop~~Regional Academic Groups
(morning) (Concurrent sessions)

Kresge Auditorium 1. Southern California, Arizona: Dr. Leonard Bowden,
University of California, Riverside, Dr. David Mouat,
University of Arizona; Dr. John Estes, University
of California, Santa Barbara; Dr. Donald Post,
University of Arizona; Dr. William Finch, Jr.,
San Diego State University

J. Henry Meyer Memorial Library, 2. Northern California, Hawaii: Dr. Larry Fox,

Forum Room Humboldt State University; Dr. Robert N. Colwell,
University of California, Berkeley; Dr. Everett
Wingert, University of Hawaii; Dr. Sen-dou Chang,
University of Hawar
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Day Time

June 28
(morning)

8:30 - 12.00 p.m.
{Concurrent sessions)

Tresidder Memorial Union,
Room 270

Tresidder Memorial Union,
Room 271

Tresidder Memorial Union,
Room 132

Wilbur Hall 12 00 - 12:30 p.m.

Subject

Workshop--Regional Academic Groups

Central States--Nevada, Utah, Colorado, Wyoming:

Dr. Jack Ives, University of Colorado; Dr. James

Smth, Colorado State University; Dr. Lawrence M.
Ostresh, University of Wyoming, Dr. Merrill Ridd,
University of Utah; Maj. Charles Smith, Air Force
Academy

Northwestern States--Alaska, Washington, Oregon,
Idaho: Dr. R. Duane Shann, University of Washington,
Mr. John Miller, University of Alaska; Dr. Barry
Schrumpf, Oregon State Umiversity; Dr. Joseph
Ultiman, University of Idaho; Dr. Bruce Frazier,
Washington State University

Northeastern States--Montana, North and South Dakota“
Dr. Frederick Gerlach, University of Montana;

Dr. W. A. Dando, Umiversity of North Dakota;

Dr Victor Myers, South Dakota State University,

Dr. Joseph Ashley, Montana State University

Lunch
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June 28 1:00 - 5:00 p m.
(afternoon)

&
June 29 8:30 - 5:00 p.m.
(a1l day)

Kresge Auditorium

Tresidder Memorial Union,
Room 270

J Henry Meyer Memorial
Library, Forum Room

Workshop--Data Acquisition and Reduction and Multimedia
Groups

{Concurrent sessions repeated at 4-hour 1ntervals)

Data Acquisition: Dr. John Estes, University of
California, Santa Barbara; Mr. John Miller, University
of Alaska; Dr. P. N. Slater, University of Arizona,
Dr. dohn Taylor, Montana State University

Data Reduction by Computer Processing Dr Dale

Lumb, Western Regional Applications Program, NASA-Ames
Mr D Wayne mooneyhan, Earth Resocurces Lab,

Dr Nevin Bryant, Jet Propulsion Lab; Dr. R. A.
Schowengerdt, University of Arizona

Data Reduction by Visual Means--Photo Interpretation-
Dr. Robert N. Coiwell, University of Califormia,
Berkeley, Dr. Barry Schrumpf, Oregon State University,
Dr. C E. Poulton, Western Regional Applications
Program, NASA Ames Research Center



Day Tame

June 28
(afternoon)
&

June 29
(a1l day)

1:00 - 5.00 p.m.

8 30 - 5:00 p.m.

Tresidder Memorial Union,
Room 271

Subject

Workshop--Data Acquisition and Reduction and Multimedia
Groups

(Concurrent sessions repeated at 4-hour intervals)

Multimedia Educational Aids and Use of Machine-
Atded Teaching Methods: Dr. Joseph Ulliman,
University of Idaho; Professor Ronald Danielson,
University of Santa Clara

6:00 - 7:00 p.m.

7:00 p.m.

June 30

(Concurrent
5e5510ns)

Kresge Auditorium

Tresidder Memorial Union,
Room 271

J. Henry Meyer Memorial Library,
Forum Room

Tresidder iwmorial Union,
Room 270

Encina Commons, Room 423,
Fourth Floor, West Wing

Cocktatls preceding Conference Banguet

Conference Banquet:
University of California, Berkeley, CA:

Banquet Speaker--Dr. lda Hoos,
"Is Remote

Sensing Far Qut?"

Workshop--Discipline Academic Groups

Forestry, Range, Environment and Ecology: Dr. C. E.
Poulton, Western Regional Applications Program, NASA
Ames Research Center; Dr. Barry Schrumpf, Oregon
State University; Dr. Frederick Gerlach, University
of Montana, Dr. Paula Krebs, University of Alaska

Geology/Geophysics: Dr. Floyd Sabins, University
of California, Los Angeles; Mr. John Miller,
University of Alaska; Dr. C. E. Glass, Unmiversity
of Arizona; Dr. Joseph Lintz, Jdr., University of
Nevada

Agriculture, Soi1ls and Hydrology: Dr. Don Moore,
South Dakota State University; Dr. Robert N. Colwell,
University of California, Berkeley; Dr. Fred Westin,
South Dakota State Unmiversity, Dr. D. F. Post,
University of Arizona

Geography, Urban Planning, Land Use: Dr. Merrill
Ridd, University of Utah; Dr. Nevin Bryant, Jet
Proputsion Lab; Dr. David A. Mouat, University of
Arizona, Dr. Sen-dou Chang, University of Hawaii;
Dr. Willard (Tim) Chow, University of Hawail

Oceanography, Water Resources: DOr. Victor T. Neal,
Oregon State University; Dr. John Estes, Universiiy
of California, Santa Barbara; Mr. Kenyt Nishioka,
NASA Ames Research Center, Mr. Robert Wrigley,

NASA Ames Research Center
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CORSE-78 5

Day Time . Subject

June 30
{cont'd)

Wilbur 12 00 - 12:30 p.m. Lunch
Hall

Kresge 2:00 p.m. CORSE Summary and Adjourn
uditorium
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CORSE-78 SPEAKER'S LIST

Ashley, Dr. Joseph M.
Department of Geography
Montana State University
Bozeman, MT 59715

Barlow, Mr. Robert, Code GA
Earth Resources lLaboratory
1010 Gause Boulevard
Siidell, LA 70458

Bowden, Dr. Leonard ¥.
Department of Earth Sciences
Untversity of California
Riverside, CA 92521

Bryant, Dr Nevin

Jet Propulsion lLaboratory
California Institute of Technology
4800 Dak Grove Drive

Pasadena, CA 91103

Chang, Dr. Sen-dou
Department of Geography
University of Hawaii
Honolulu, HI 96822

Colwell, Dr. Robert N.
Room 129, Mulford Hall
University of California
Berkeley, CA 94720

Dando, Dr William A.
Ctarsuin, Dept. of Geography
Usve .ty of North Dakota
Instituts for Remote Sensing
Linversily Station, Box 8086
Crand Forks, NN 58202

Danielson, Ur ronald L.
Nepartmeat of Electrical
Ergineering & Computer Science
Ynivers. i of Santa Clara
“anta Ci-va, CA 95053

eetes, I Jack

Lepartmer ' of Geography
Univers~t of California
Santa Bay ara, CA 93106

Finch, v William A., Jr.
Vepartme.  of Geography

. n Die, > State University
S n Dieeny, CA 92182

Fox, Dr. Lawrence, III
Department of Forestry
Humboldt State University
Arcata, CA 95521

Frazier Dr. Bruce E.

Dept. of Agronomy & Soils
Washington State University
Pullman, WA 99164

Gerlach, Dr. Frederick L.
School of Forestry
University of Montana
Missouia, MT 59812

Glass, Dr. Charles E.

Mines & Metallurgy 239
University of Arizona

Tucson, AZ 85721

Holmstrom, Dr. John
Pacific Urban Studies and
PTanning Program
University of Hawaii
Honolulu, HI 96822

Ives, Mr. Jack
University of Colorado
Denver, CO 80210

Krebs, Dr. Paula

Geophysical Institute
University of Alaska
Fairbanks, AK 99701

Lauer, Mr. Donald

Chief, Applications Branch
EROS Data Center

Stoux Falls, SD 57198

Lintz, Dr. Joseph, Jr.
Geology-Geography Department
University of Nevada, Reno
Reno, NV 89557 _

Lumb, Dr. Dale R.,, Chief
Technology Applications Branch
NASA Ames Research Center

Ma1l Stop 242-4

Moffett Field, CA 94035

Maxwell, Dr. Eugene

Earth Resources Department
Colorado State University
Fort Collins, CO 80521
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Miller, Mr. John M
Geophysical Institute
University of Alaska
Fairbanks, AK 99701

Moffitt, Dr. Francis H.
Room 106C, McLaughlin Hall
University of California
Berkeley, CA 94720

Moore, Dr Donald G. .
Head, Training

Remote Sensing Institute
South Dakota State University
University Station

Brookings, SD 57007

Morain, Dr. Stanley A., Director
Technology Application Center
University of New Mexico
Albuquerque, NM 87131

Mouat, Dr. David A.

Applied Remote Sensing Program
Office of Arid Lands Studies
845 N. Park

University of Arizona

Tucson, AZ 85719

Myers, Dr. Victor 1., Director
Remote Sensing Institute

South Dakota State University
Brookings, South Dakota 57007

Neal, Dr. Vhictor T.
School of Qceanography
Oregon State University
Corvallis, OR 97331

Nishioka, Mr Kenji

Technoltogy Applications Branch
NASA Ames Research Center

Mail Stop 242-4

Moffett Field, CA 94035

Ostresh, Dr Llawrence M., Jr.
Department of Geography

Arts & Sciences Building

The University of Wyoming
Box 3371

Laramie, WY 82071
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Agricultural Sciences 517
University of Arizona
Tucson, AZ 85721
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Ma1l Stop 240-7

Moffett Field, CA 94035

Ridd, Dr Merrill
Department of Geography
University of Utah

Salt Lake City, UT 841312

Roberson, Mr. Floyd, Code EI-7

Director, Technology Transfer Division

National Aeronautics & Space
Administration
Washington, DC 20546

Rucdd, Dr. Robert D
Department of Geography
University of Denver
Denver, CO 80208

Russell, v. J. Johnson

West Valley Community College
Mi1ssion Campus

3585 Monroe Street

Santa Clara, CA 95051

Sabins, Dr. Floyd F.

Chevron 011 Field Research Co.
P. 0. Box 446

La Habra, CA 50631

Schowengerdt, Dr Robert
Applied Remote Sensing Program
0ffice of Arid Lands Studies
University of Arizana

Tucson, AZ 85719

Schrumpf, Dr. Barry J
Environmental Remote Sensing
Applications Laboratory
Oregon State University
Corvallis, OR 97331

Shinn, Dr. R. Duane

~

Department of Urban Planning, JO-40

University of Washington
Seattle, WA 98195 -

Short, Dr Nicholas, Code 902
Goddard Space Flight Center

Nattonal Aeronuatics & Space Admn.

Greenbelt, MD 20771
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714 uptical Sciences Bldg
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VDepartment of Economics, Geo-
graphy and Management
Department of the Air Force
USAF Academy, CO 80840

Smith, Dr  Janes

Colorado State University
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Syvertson, Mr. Clarence A.
Director
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Taylor, Dr. John E.
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General Instructions for

CORSE-78
Stanford University

Registration -~ Crothers Hall, Sunday, June 25, 4 - 8 pm
Kresge Auditorium, Monday, June 26, 8 a.m -~ 3 p.m.

Papers and Workshops - Locations and times as noted in Agenda

Message Telephone Number - (415) 497-3297

Parking on Campus at selected locations for cars with temporary passes
1ssued at registration. Crothers Hall parking lot 1s recommended.

Evening Sessions are available to view slide/cassette programs for
teaching remote sensing and related subjects. Meeting rooms 1in
Tresidder Memorial Union will be used. The Purdue set of slides and
cassettes as well as others wi1ll be available.

Exhibits/Trade Show 15 Tocated 1n Rooms 281-282, Tresidder Memorial
Union, and will be open from 8 a.m to 5 p.m , Monday, June 26 through
Thursday, June 29, Class notes, exercises and other classroom materials
submitted by participants will be on display along with trade exhibits




Instructions for Meal Service

CORSE-78
Stanford Untversity

Participants with Wilbur Hall Meal Tickets

Meals must be taken during the following periods.

Breakfast 7:00 - 8:00 a.m.
. Lunch 12:00 - 12:30 p.m.
Dinner 5:30 - 6:30 p.m.

Conference meal service at WTbur Hall 1s from Monday, June 26, breakfast,
through Friday, June 30, lunch, except Wednesday, June 28 dinner, which
w11l not be available because of the Conference banquet at the Stanford
Faculty Club.

Meal tickets w11l be issued at time of registration for faculty members
from the 14 Western States who are staying n campus restdence halls--
Crothers and Stern. No individual meals w11l be provided...we have
arranged for meals only as a package with residence for the full week.

Participants without Meal Tickets:

Meals may be taken at your own expense at Campus facilities such as in
Tresidder Memorial Union and in Encina Commons Coffee Shop. Both facili-
ties are shown on the campus map. Encina Commons 15 adjacent to the
north of Crothers Hail. Tresidder Memorial Union parking lot 1s on
Mayfield Avenue, southwest of Crothers Hall and west of Kresge Auditorium.
Encina Commons Coffee Shop fs open from 8 a.m. to 5 p.m., serving lunch
only and coffee/pastries during the day. The main cafeteria in Tresidder
Memorial Union is open from 8 a.m. to 6 p.m., closed Sunday.

Cocktail Party and Banquet - Wednesday, June 28 at Stanford Faculty Club,
Tocated on Lagunita Drive off Mayfield Avenue, west of Tresidder Memoriai
Unton.

No-Host Cocktail Party - 6:00 - 7:00 p.m. .
Drink tickets available at the Faculty Club
Drinks: $1.25 Wine: 75¢

No-Host Banquet - 7:00 p.m.
By reservation - payable at registration no
later than Monday, June 26
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Multimedia Workshop

Joseph J. Ullaman
University of Idaho

Introduction

Multimedia workshop sessions were held Wednesday from 1-4 pm and Thursday
from 8.30-11:30 am. On the panel were Dr. Ronald L. Danielson, Assistant
Professor, Dept. of Electrical Engineering and Computer Science, University
of Santa Clara, Sﬁlrley M. Davis, Education and Training Specialist, LARS,
Purdue University, and Dr. Joseph J. Ulliman, Associate Professor, College of
Forestry, Wildlife and Range Sciences, University of Idaho, Chairman of the
Workshop. Those attending the workshop who could be identified at one time
or another are listed in Appendix A.

Objectives

The objectives of the workshop were:

a. To discuss the status and determine the availability of media in

remote sensing.

b. To bring out the advantages and limitations of various multimedaa

and machine aided approaches to teaching.
c. %o discuss problem areas.
d. To determine needs.
e, To discuss costs.
—_—

f. To make recommendations to NASA.

Being an informal workshop, 1t was realized that not all of Fhese objectives
would be completely met. It was understood also that many of the objectives were
pursued in the paper presented Tuesday on Multimedia and Teaching Machines in

Remote Senmsing which is included elsewhere in these proceedings.
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Medira Demonstration

in addition to the workshop, certain media wmaterials and devices were
demonstrated on Monday and Tuesday evenings and explained in some detail
during the workshop sessions. Shirley Davis and David Paine (Oregon State
University) demonstrated their slide-tape programs to a number of interested
people on those first two evenings of the conference.

Media Questionnaire

A media dquestionnaire was distributed during the conference o get some
idea of the use of different types of media and what media might be generally
available to the remote sensing community. There were 31 responses to the
questionnaire, the results of which are included in Appendix B.

References

Othexr useful reference material which came to light during the course

of the conference is lasted in Appendix C.

Workshop Presentations

The workshops began with the chairman noting the objectives and emphasizing
some of the points from the multimedia paper presented Tuesday, especially
problem areas, disappointments and goals of particular media and some needs for
the future. Ron Danielson followed with a presentation on "Computer Appli-
cations in Remote Sensing Education” which is included aa a separate paper in
these proceedings. Shirley Davis then discussed the media aids used in
training programs at LARS, how they are developed, and gave some advice for
1individuals who wish to develop thelr own programs. Her presentation is also
included as a separate paper elsewhere,

Workshop Discussion

The following daiscussion from the workshop is transcribed partially from

written notes taken at the workshops and from recorded cassette tapes. All
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pertinent comments are recorded, although not wverbatim, except those that
are not understandable on the tape. Names are associated with comments
where the person was recognized.
Key words from the objectives are associated with a comment where approp-—

riate.

Wednesday, June 28

Comment: (PROBLEM) Remote sensers are so wrapped up 1in remote sensing they
don't have the time to develop computer expertise or capability.

R. Danirelson: (PROBLEM) Computer programs or instructional material are not
publishable material and therefore 1t 1s not cost effective 1n the use
of anstructor's time to develop them.

S. Davis: (QUESTION) If CAIL and CMI material existed, would you use 1t?

(Some answered they would.)

J. Ulliman: (STATUS) Doing exams with the computer 1s one possibility.

R. Danielson: {(PROBLEM) Security of exam questions and identifying the
examinee is a problem.

Comment: (STATUS) Computers can be used to grade exams.

5. Davis: (QUESTION) Does anyone else have access to PLATO? (Those from
Oregon State Univ. stated they did.)

R. Danielson: (STATUS/AVAILABILITY) PLATO has 1008 terminals. CDC is going
commercial with PLATO in a number of learning centers; ome is in Sunny~
vale by AMES where one can go and pay for a terminal; (DISADVANTAGE/COST)
cost for contact time 1s high; you can get PLATO to play on CDC machines
but I don't think you can get access to the lesson material. Development
of programs by andividual departments is not likely eilther. It takes 50
hours minimum to develop programs for one hour contact taime. Funding for

such development is mainly done by major funding agencies.
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J. Ulliman: (RECOMMENDATION) A conference is a meeting where we should be
out doang the things we're talking about. Possibly NASA could fund or
assist in developing CAI programs, especially now that Ron Danielson
is working for them part time.

S. Davis: (COST) Speaking of time 1t takes to develop programs, we estimate
it takes 200-300 hours just to develop one mini-course,

Comment: (ADVANTAGE) In doing mini-course type programs, there is some
advantage to having the non-specialist do the nmarrative portion and
thereby provide some personality ldentification.

S. Davis: (ADVANTAGE/DISADVANTAGE) Two or three of our mini-course tapes were
narrated by someone on ocur staff. We have not done a critical evaluation
of the difference but we do know that ITC people have objected to the
strong midwestern accent. TFor local use though, the Instructor probably
should make the tape in order to personalize it for the student.

Comment: (PROBLEM/RECOMMENDATION) Some students would rather read narrative
than listen to the tape; give the student an alternmative by providing the
script also.

Comment: (AVATLABILITY) Cassette driven Super 8 film system can be projected
as motion picture or individual frame for programmed paced instruction;
you can adjust program speed anywhere from single frame to full motion;

I do not know if anyone has done this, but it does seem to have possibil-
ities.

S. Davis: (AVAILABILITY) Purdue will be developing more mipi-course series:
one on visual interpretation of thermal imagery; one on collection of
field data; another on geologic image and numeric interpretation of
satellite data -- this will not be a detailed how-to-do-it program but
will presenft concepts, principles and theories; another on the basic

principles of photo interpretation, including stereoscopy, parallax,
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scale, flight plamnning, etc.; and lastly one on computer processing.
(Responding to a question) Yes, 2t is a team effort to develop materials;
for example, I'll work with the geologist to develop the mini-course on
geology.

J. Ulliman: (NEEDS) Some people have expressed the need for large screen
displays for larger audiences.

R. Danielsen. (AVAILABILITY) In fact, some are using the large 76 square foot
Advent TV screens like those used for boxing and football presentations.

R. Kiefer: (PROBLEM/ADVANTAGE) There is a great difference in users and some
lectures are never given twice; it is difficult for me to see how slide/
tapes, which essentially sets an established course, can be adventageous
in such circumstances. 1 can se; where slide/tapes would be good for
student review purposes - when a student's sick or out of town, and that
the siides might provide more illustrations than a text.

S. Davis: (RECOMMENDATION) Imstructors could record lecture and keep their
slades together in order to have available to students for review.

R. Kiefer: (DISADVANTAGE/ADVANTAGE) I am traditional and think you lose
personal contact with slide/tapes. One could use slide/tapes to help
explain what a conference a1s all about to those people who come early to
a conference.

R. Whitmore: (STATUS) I have studied the audio-visual setups at Oregon State
Univ. and Purdue and have developed a modular instructional approach for
my course on Mechanical Properties of Wood. It consists of a series of
modules which may be a combination of traditional lecture or labs, films,
video tapes, independent study materials, etc.; we put some of the programs,
including labs and demonstrations, on Super 8 film but most of it goes on

color 3/4" video tape even taping slides and movie film. We expect the
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students to master the procedures. We will also be developing a remote
sensing course using the same type of procedures.

S. Davis: ()UESTION) How has the roll of the professor changed between the
two sys'ems?

R. Whitmore: (ADVANTAGE/DISADVANTAGE) My contact with the students has greatly
increascd; there is much more one~to-one contact which is mainly my
doing.

5. Davis: (ADVANTAGE/DISADVANTAGE) The instructor actually has to work harder
and ends up with more student contact time. All these new terms -— self
paced ainstruction, individvalized instruction, etc. —— are overlapping
terms and the techniques or methods are net a substitute for the instructor;
the instructor's role is altered but he cannot put ocut his gign, "Gone
Fishing", after developing audio—visual approaches.

R. Damielson® (ADVANTAGE/DISADVANTAGE) In the beginning computer programming
course at the University of Illinois, 2000 students per semester use CAI;
there 1s one hour lecture by a Professor, two hours of CAI, one hour
lesson development, and one hour program practice along with lab sections.
This is an enhancement to the traditional course and is as much or more
work for the instructor than in the traditional courses.

J. Ulliman: (ADVANTAGE/DISADVANTAGE) In developing AV approaches, the instructor
is actually forced to do a better job; it 1s a very demanding process and
the instructor must be very selective as to what is put on slides or
tapes. I personally still spend much time in the lab to see how the
student is doing, approximately seven hours per week; a TA also spends
about 20 hours in the lab. There are some students who do ;ot take
respeonsibility for their own education and these have to be led by the

hand; many of these students get behind and drop the course - up to 20%.
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I talk to all of the students who drop and almost all admit they just
did not do the work to keep up.

D. Paine: (ADVANTAGE/DISADVANTAGE) I had a high (50%) dropout rate in the
AV course at first, but now have about a‘752 completion rate.

R. Danielson: (ADVANTAGE) It is a good experience for anyone to sit down
and write a set of behavioral cbjectives for a course and develop a
programmed instruction set for a course.

R. Whitmore: (STATUS) Another thing I do which might be of interest — I put
a rheostat in an overhead projector and using gelatin filters project
the light spectrum.

J. Ulliman: (STATUS) The paper presented Tuesday has a list of many sources
for media materials; the EROS Data Center has a list for their materials
and Purdue and NASA alsc have brochures. (RECOMMENDATION) Although most
slide sets are not adaptable in their entirety to a local situation,
individual slides and some sets may be appropriate. NASA could provide
individual or sets of slides on such things as the U-2 and its operatiomns
or the LANDSAT satellite and all its systems close up.

T. Best: (PROBLEM) NASA may not have slides of such things because they are
not taking them from a teaching point of view.

J. Ulliman: (RECOMMENDATION) That's a good point; recommend NASA consider 1t.

G. Hull: (STATUS/PROBLEM) NASA has 2000-3000 slides at their service center and
a slide copier; how to service the community is the big question; how can
the community access the collection?

Comment: (QUESTION) Is there any way in which the regional centers could be
provided a circulating set for those in the local area®

R. Danrelson: (STATUS) NASA has some beautiful display materials also.
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J.

Uiliman: (QUESTION) Is there any way individual instructors could look

through slide sets and request duplication of material?

Comment: (STATUS) We are not set up to do that.

S.

J.

Davis: (STATUS/RECOMMENDATION) EDC has slide sets available; possibly
the other centers could do likewise.

Ulliman: (STATUS) R. Jay Murray said he saw references to the stereo use
of overhead projectors in a Chemical Education Jourmal and that one
artigle referenced the commercial development of such projectors in
Germany. (The citations to those articles are included in the references

in Appendix C.)

Comment: (STATUS) We at U.C. Santa Barbara use CCIV to zoom in on LANDSAT

scenes on CRT; this is espeeially good for large audience viewing.

Kiefer: (STATUS) When we do computer amalysis for workshops and short-
courses, and especially for people coming from cut of town, and the
computer goes down right in the middie of an operation led us to tape
things ahead of time; that way we know its going to work.

Danielson: (RECOMMENDATION) How many have access to video tape players?

(A few responded, yes.) It might be a good idea to survey what tapes are
available and make 1t known to the community, even if they are of different
formats.

Kiefer: (STATUS) Almost all campus' have some form of video tape players
available which an instructor should have access to.

Ulliman: (STATUS) EDC has a number of video tapes available.

Kiefer: (PROBLEM) This is a personal thing but I have been grappling with
the problem of providing slide sets for the line drawing a;d B & W and
color pictures for my forthcoming bock. Will it be a service to people
or can they do it themselves; as far as I'm concerned people can take

therr own pictures.
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Comment: (COSTS) If you did provide slides, they would have to be very
inexpensive.

J. Ulliman: (RECOMMENDATION) I would promote the idea of making complete
sets of both 35 mm slides and transparencies if they were inexpensive.

Comment: (AVAILABILITY/COST) I have 36 slides made up from a negative for
$3.00. When I get 4 to 5 requests for an i1tem, I take a shot of it
with Kodacolor and send the nmegative off to RGB Color Lab, 816 N. High-
land Ave., Hollywood, CA 90038. They make positive transparencies of it
from old outdated movie film; they use the loop film for as many copies
as needed, The negative/positive approach like this may be the way to
beat the inventory problem.

S, Davis: (STATUS) LARS set up a remote computer network project in 1975 to
6 to 8 terminals around the country for education and research purposes
to train users in the theory behind computer analysis and how to use the
computer. LARS also offers shortcourses directed to the analysis of
multispectral scamner data and numerical analysis. These are individual-
ized self-directed eourses, not self-instructed, week long courses in
which a variety of media are used.

J. Mairs: (RECOMMENDATION} We have given workshops for agency people using
CAIL. NASA could help by providing funding to rework programs so they
will be more institutional in nature; that would be one way for NASA to
promote remote sensing education.

Thursday, June 29

N. Short: (NEED) Can we get people familiar wirth the computer in three days,

possibly using video tape.
R. Danielson: (STATUS) A discipline person does not need to be a computer

programmer but should know the capabilities of the computer.
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C. Metz: (QUESTION) We have PLATO at Oregon State University in the Music
Department; could we not get oan that system.

R. Danielson: (AVATLABILITY/COST) Yes. Telephone calls would he a cost and
you would have to develop your own programs; best thing would be to
contact a sales representative to develop programs. EXXON has CAL/CMI
programs also.

C. Metz: (NEED) We have slides of scenes and want to best get across an 1dea;
ig it best to put words or a word on the slide itself?

N. Short: (STATUS/AVATILABILITY) You could have two slides — one as is and
another with a word on it. NASA has one of the largest collections of
glides in theworid (and i1t is in the public domain) and would like to
see them utilized. It's easy to make your own slide shows; Kodzk makes
a camera which fits over any 8" x 10" picture. You can produce shows by
taking a standard lecture which uses slides and where the instructor is
giving a spontaneous talk - tape record the lecture and keep the shown
slides in order: coordinate the narrative and the slides for future use,

W. Limoine: (PROBLEM) My opinion of the slides used in the conferemce is
pretty low.

Comment: (NEED) If there are any aids or guides for producing good slides
they should be given to NASA.

Comment: (AVAILABILITY) Anyone can come and look at the slides NASA has;
you can also look at the slides at the USGS Menlo Park facility.

J. Ulliman: (NNED) What about people who can't get to the facility; can
provisions be made, for example a catalog of available slideg?

N. Short: (S8TATUS) The lst semi-annual meeting of training officers of the
three NASA regional centers was held yesterday; a decision was made for

each of the three centers to prepare several master set coples of slides
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used frequently and exchange these sets with the other ceaters; we
would also get a brief deseraption of each slide for a caption. I
proposed a teachers guide showing B & W copies of each slide which an
instructor can lock at. This is basically for in~house work but I
will look for some mechanism to get sliades out to the publie.

Comment: (STATUS) We do take slides to national conventions, like the
National Science Teachers Convention, for others to see,

Comment: (ADVANTAGE) After seeing a multimedia, 6 projector presentation
I was really impressed.

D. Shinn: (ADVANTAGE) Using more than one projector is useful for showing
multidate imagery or simultaneously a LANDSAT, U-~2 and ground scene
image of the same area.

N. Short: (STATUS) Most national conventions are using two projector setups.

J. Ulliman: (PROBLEM) What is the amount of effort required for six-projectors
compared to the added information content or the message gotten across?

Comment: (ADVANTAGE/DISADVANTAGE) I am really excited about it; you do need
lots of slides and it is used more at the entertainment level rather than
educational; it takes 20~30 minutes to set up but it really has a dramatic
impact.

S. Davis: (STATUS) Our objective at Purdue 1s to make a product as portable
as possible and easily used by most people.

J. Ulliman: (STATUS) Multimedia six-projector demomstrations are great for
gee-yhiz presentations and for influencing opinions, etc. but have not
proven their usefulness for instructional purposes although_ they could
be developed for that goal.

J. Smith: (STATUS) On the lafe of materials ~ some basic material may be good

for 20 years.
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§. Davis: (STATUS/RECOMMENDATION) The life of most materials 1s short; we
are committed to reviewing ours in three years; I would supggest others
do the same.

N. Short: (STATUS/PROBLEM) We have made three video tapes and have only been
moderately successful; the problem 1s amount of time to properly develop
them. We taped our last course and duplicated the slides.

B. Schrumpf: (NEED) I would like to see some well documented 20-40 minute
color films produced on such subjects as, for example, the history of
remote sensing, the basic energy-matter relationships, and sensor
systems; some orgaéization could do this and provide the films at a
regional lending library.

N, Short: (AVAILABILITY/PROBLEM) We tried to make a video tape history of
remote sensing and asked Bob Colwell to do it; time was a problem and
prior planning was lacking; Bob gave an excellent presentation but it
was more on "Airrcraft remote semsing in California" than what we wanted
LANDSAT; the tape of that presentation is available for anyone who wants
to borrow it. We are going to do two video tapes in the next six months
to a year; one will be a 45 minute tape on "field observations* ~- there
are many people involved in developing sensors who are doing much ground
work and training site selection; the other video tape will be a case
history of an agency getting 1nto remote sensing and developing an
operational activity. There are problems video taping 1ectures£ slides
and other AV material must be spliced into the tape separately; its
difficult to get good close ups of items off screen.

S. Davis: (STATUS/RECOMMENDATION) One way to solve that is to use a rear
screen projection although that presents another problem of a hotspot on

the screen. Another way is For the video production managers to have
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slides under his control and another wvideo camera to view the slides;
the lecturer can see the siides on a monitor. Another method 1is using
over-the~-desk mounted cameras where the instructor has control over the
process. 1 strongly encourage those developing modules, especially
when working with others, to develop definitive objectilves so that the
student knows exactly what 1s expected of him when finished; thas can
be an excruciating experience; if two people are working together it
can be a discipline experience forcing the creators to know exactly
what they are going to do,

Comment: (RECOMMENDATION) National Geographic does gome outstanding filmsj
that may be the type of thing you should shoot for in developing film
1ike Barry Schrumpf mentioned.

N. Short: (STATUS/AVAILABILITY) Through the saingle~handed effort of Chuck
Poulton who has gotten Natiomal Geographic into LANDSAT, the July issue
will have a beautiful LANDSAT mosaic map of the Grand Canyon; they are
starting to use LANDSAT in the ongoing National Geographic Lecture Seriesy
I will ask Chuck to see if National Geographic will be interested in
developing a movie. Our video facility is looking for work and I am
looking for ideas for using that facaility, so if you have ideas, let me
know and I'll consider them.

D. Shinn: (STATUS) In the alternatives for the Washington program, éhich was
a planning rather than remote sensing effort, KWSU video taped in color
all the planning sessions. Tapes were used to inform other people
involved in the effort but who were not at those sessions. The tapes
were then edited into 8 hour long programs to be televised statewlde.
Finally they produced a highly edited film which was then submitted as

one of the US entries in the UN Habitat Conference held in Vancouver.
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J, Ulliman: (ADVANTAGE) When developing programmed and self-instruction
packages 1t is a very rigorous process which 1s the best aid to improving
instruction I know of.

R. Schultz: (DISADVANTAGE) You may also run the risk of becoming so highly
organized that you go too fast in presenting material that the student
can't keep up.

S. Davis: (ADVANTAGE) It is an advantage of self-paced instruction -- many
have eriticised our mini~courses because they go too fast, others have
appreciated the stepped up pace ~—- if gsomeone misses something they can
always go back and listen to 1t over again. I would like to also ask
you not to forget that print is a media also; we have developed some

materials along this line.

¥
'

N. Short: (AVAILABILITY) We get some requests for slides of plates frém the
book Mission to Earth. About 150 of the plates are on slides. There is
a source of 8" x 10" color prints themselves in the Public Affairs
Office, NASA Headquarters, but the quality is not the best,

Comment: (STATUS) We have inexpensive way of reproducing 9" x 9" B & W's.
At AV Center we made an 84" x 11" negative using a dot screen and then
make an offset plate., We can get about 500 copies for $6.00 and of
relatively good quality. We also do this for LANDSAT scenes.

N. Short: (RECOMMENDATION) Recommend you do two things: share funding for
development of programs; and, identify a clearinghouse for obtaining
materials.

S. Davis: (NEED) What we need is an information clearinghouse.

N. Short: (STATUS/AVAILABILITY) There are 20~30 newsletters floating around;

two LANDSAT newsletters, one from Goddard and one from EDC, which have

fairly wide distribution; 1if you have an educational announcement you can
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go through me because one of the members of my carpool is the editor
and I can guarentee you instant access.

J. Ulliman: (RECOMMENDATION} Since NASA now involved in education, it might
be a good idea to have a special newsletter to get across ideas on
instructional technology, sources of materials, etc.; each instructor
in remote sensing would get a copy of the letter and at the same time
could provide information for the newsletter.

Comment: (PROBLEM) Such a letter though would probably be restricted to
LANDSAT.

D. Shinn: (AVAILABILITY) Robin mentioned the newsletter, "Plain Brown Wrapper".

N. Short: (RECOMMENDATION) All three centers could have their own newsletter.

J. Ulliman: (RECOMMENDATION) There should be some coordination between the
three centers and pass some information arcund mnationally rather than
Jjust in the regdion.

Comment: (ADVANTAGE) The three centers are competing and this is desirable.

15
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Tom Best

B. Michael Donahoe

Donald R. Floyd

Garth A. Hull

Ralph Kiefer
Ken Knothe

B11! Lemoane
Joseph Lintz

John Mairs
Charlene Metz
Charles Nelson

David Paine

Barry Schrumpf

Robert J. Schultz
Duane Shinn

Nick Short
Jim Smaith

Moyle D. Stewart
Frank Westerlund

Roy Whitmore
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Chico State
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Oregon State Unav.
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Univ. of Washaington

NASA Goddard
Colorado State Univ.
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Univ. of Washington

Dept. of Forestry
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Moffett Field, CA 94035

1210 Engr. Bldg.
Madison, WI

Ontario, OR 97914
Coos Bay, OR 97420
203 Mackay Mines
Reno, NV 89517
Corvallis, OR 97331
Corvallis, OR 97331
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Corvallis, OR 97331

Corvallis, OR 97331
Corvallis, OR 97331
410 Gould Hall, JO-40
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Appendix B

Results of the Media Questionnaire

Use of Media

Quantitative results of the media questiomnaire are included in Table
1. Of those responding, it appears most everyone uses slides, stereograms
and overhead transparencies to some extent. Very few or ne instructors
use videotape, models, stand-alone audic tape, and computer assisted
instruction (CAI). Apparently scme do not use media materials even though
they have them available eather in their owm labs or somewhere within their
organizations; possibly, the materials in question are not of the proper
subject material or quality to suit the instructor because, at the same
time, most indicated they would use good quality materials if they were
avairlable at a reasonable cost. Most respondents also specified that they
would make any mediz materials they developed available to cothers.
Availahility of Media Materials

Many respondents made some comment that their materials were locally
developed and not generally available to others because they are either
not organized, not of sufficient quality or are limited to the local
situation.

Those who have or could make materials available are:

a. Department of Continuing Education, Portland State University,

Portland, OR.
Program: Torest Technician Series (1974-1975) Aerial Photogram~

metry.

b. Crane S. Miller, California State Polytechnic University, 3801 W.
Temple Ave., Pomona, CA 91768, Tele. (714)598-4513 or 4516.

Dr. Crane has developed a number of 35 mm slide sets on various
aspects of remote sensing which he uses in his classes. Much of

the material 1s not original although many slides are original
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Number of responses:

Table 1.

Y = yes; I =

MEDIA QUESTIONNAIRE

(Software Only)

infrequent; N = no.

Medaa Do you use | Do you have |If you devel~ {If you do not}If you do mot
this media | this media in|oped or own have or own Juse this type
your remote |this media this media, {media, would
sensing lab {would you makelis it avail- |you use it if
it available {able through |good quality
to others your otrgan— |(resonable
ization priced items
were available
Y I N| ¥ § ¥ N FA | r N
a. Videgtapes |0 5 22 5 19 14 3 9 8 16 2
b, 8lide sets {24 5 0 26 0 23 3 7 3 9 1
c, OStereograms| 17 8 5 24 3 20 5 6 5 9 2
d. Models 1 7 17 8 15 14 4 4 10 12 3
e. Overhead 18 7 5 24 2 19 4 9 3 9 1
transpar-
encles
£f. Audio tape [ 2 4 18 5 18 14 3 6 9 11 5
g. Slideftape |5 7 13 12 11 17 2 9 8 16 2
programs
h. CAI 2 2 19 3 18 13 2 2 3 10 4
programs
1. Other 0 1 13 2 8 9 2 3 6 9 1
programmed
instruction
sets
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true and false color photos taken by his persomnel, Subjects
covered are: Overview of Remote Sensing (with cassette sound);
Photo and Non-photo Sensors; Scale; Geomorphology; Forestry and
Vegetation in General; Agriculture; Urban Land Use; and, Arch-
eology. Dr. Crane would be interested in further development of
such sets for anyone interested.

R. Jay Murray, ERSAL, Oregon State University, Corvallis, OR
97331. Tele. (503)754-3056.

Has developed FORTRAN programs for CDC equipment to classify
LANDSAT data, select training sets, ete. These could be made
available for cost of materials and copies.

Robert M. Newcomb, Dept. of Geography, California State Univ.,
Northridge, CA 91330. Tele. (213)885-3532.

For those interested, Dr. Newcomb has a list of “Selected LANDSAT
Photographs of Denmark" available from the EROS Data Center as
of Winter 1976/1977 with comments on coverage and quality.

Floyd Sabins, (UCLA, USC, Chevron) Box 446, La Habra, CA 90631.
Tele. (213)691-2241, Ext. 2370.

Floyd Sabins is currently preparing a lab manual to accompany
his new text, "Remote Sensing, Principals and Interpretation'.
He is also considering developing a slide set to accompany the
text and a slide set to accompany the instructors guide for the
lab manual,

Diiane Shinn, Urban Planning J0-40, University of Washington,
Seattle, WA 98195. Tele. (206)543-1508 or 4190.

Dr. Shinn has two slide sets available:

(1) "Remote Semsing of Land Use for Noise Abatement" (USAF);
192 color 35 mm slides developed March 1978 of variable
quality; a case study with results of Fairchild and McChord

AFB.
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{(2) "Intreoduction to Remote Sensing"; 160 color 35 mm slides
developed March 1978 of excellent qualaty; current state-of-
the-art review on PNRC Project covering sensors, data and
products.

Everett Wingert, Dept. of Geography, Univ. of Hawaii, Honolule,
HI 96822. fTele. (808)948-8463.

Has over 100 overhead transparencies, mostly of LANDSAT and
aerial images. Also has contact size negatives of these both in
halftone and continuous tone. He does not have a complete list
of the transparencies or a mechanism for reproducing them commer-
cially. If others are interested fthough he would make special

arrangements for getting duplicates.

Other Possibilities

Some other instructors in remote sensing may have media materials

although they were not at the conference, nor were they surveyed to

determine exactly what they had. Their names were listed as people who

have media materials and might want that fact to be known.

a.

b.

Dr. David Simonett, Dept. of Geography, UCSB.
Dr. John Jensen, Dept. of Geography, Univ. of Georgia, Athens, GA.
Dr. Jon Kimmerling, Dept. of Geography, Oregon State Univ.

John Harper amd Bob Plank, Dept. of Geography, Humboldt State
Univ.

Dr. Mel Stanley and Dr. James Huning, California State Polytechnic
Univ.

Pacific Northwest Regional Commission Land Inventory Demonstration
Project, 1205 Washington St., Vancouver, WA 98660.
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Appendix C

1. Catalogs, Mimeographs, Pamphlets, Workbooks

Announcing a New Series of Slide-Tape Presentations on Using Aerial
Photeography for Natural Rescurce Management. Forestry Media
Center, Oregon State University, Corvallis, Oregon. (Pamphlet)

EROS Data Center Workshop. Exercise File. June 15, 1978, 21 pp.
(MimLogr;ph)

Film Catglog 1978-1979. NASA Ames Research Center, Moffett Field, CA
94025: (Catalog)

Mini-Course Series on Fundamentals o£ Remote Sensing by the Laboratory
for Applications of Remote Sensing. Purdue University, West
Lafayette, Indiana. (Pamphlet)

NASA Educational Publications. Aug. 1976. NASA, Washington, D.C.
20546. (Pamphlet)

Secondary Schocl Social Studies Project "What's the Use of Land?" by
the Jefferson County, Colorado, Public Schools. NASA, Wash., D.C.
20546. 57 pp. (Workbook)

2. Other References

Clarke, Paul F., Helen E. Hodgson, and Gary W. North., 1978. A Guide to
Obtaining Information from the USGS. 1978. Geological Survey
Circular 777.

Crozat, Madeleine M. and Steven F. Watkins. 1973. Overhead Projection
of Stereographic Images. Journal of Chemical Education 50(5): 374,
375.

Hayman, H. J. G. 1977. Stereoscopic Diagrams Prepared by a Desk Calculator

and Plotter. Journal of Chemical Education 54(1):31-34.
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Nixon, W. D. and R. E. McCormack. 1977. LANDSAT: A Tool for Your Class—
room. Reprint from: Socilal Education QOfficial Jor. of the Nataional
Council for the Social Studies. HNov-Dec. 1977,

Ophir, D., B. J. Shepherd, and R. J. Spinrod. 1969. Three-Dimensional

Computer Display. Communications of the ACM 12(6):309, 310.

b7



e g - L D e s s

- —hrne v T e S e e — P [

R e o or = wm aee =  « e ""_.i' STL T

[EENNE i P T T =" U S U FE

mﬂmwwy* s wmﬂw o

regeiader B mde. exteen ol Bl s wlon bR LR L *%k&"l

. e - - E N - - AT AL T




