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INTRODUCTION

The University of Arizona Applied Remote Sensing Program (ARSP) in
the Office of Arid Lands Studies (OALS) has completed its seventh year of
activities promoting the use of remote sensing to foster more complete
and effective use of National Aeronautics and Space Administration (NASA)
generated data. As in previous years, contract year 1978-1979 has seen
the expansion of ARSP facilities, staff, and capabilities, and greater
involvement with local, state, federal and international agencies.
New and continuing ARSP projects are described in this report.

ARSP is committed to providing remote sensing expertise to solve policy
related problems in local, state and federal agencies within Arizona (Table
1). During contract year 1978-1979 ARSP worked on nine funded research
projects (five are new initiatives) involving three local, two state
and foul: federal agencies. Nine state and federal agencies were involved
in discussions about possible projects. ARSP staff also participated
in seven workshops and provided briefings to two federal legislators and
several civic organizations.

ARSP is further committed to promote the development of remote sensing
expertise within user agencies and to disseminate information on remote
sensing. To further these goals ARSP staff presented papers or partici-
pated in seven seminars and conferences of professional organizations;
numerous papers and articles were prepared for publication; training
sessions were coordinated and formal courses on remote sensing were
taught. A newsletter is also published regularly to inform the public
about ARSP projects and capabilities. During contract year 1978-1979
the ARSP laboratory received approximately 480 U.S. and foreign visitors
(Table 2). ARSP also supports remote sensing uses in independently
funded projects which frequently fulfill some of the objectives of
NASA sponsored research.

Expanding our digital processing capabilities is an important devel-
opment during this contract year which will greatly enhance ARSP ability
to expand the limits of remote sensing technology and to supply users
with the most up-to-date and best available Landsat products. ARSP now
has new hardware and software for digital data manipulation and image
processing as well as a rapidly developing pool of experience to fully
use the new facilities.

Contract year 1978-1979 has been a time of internal development for
ARSP; much energy and time has gone into new project initiatives, both in
terms of technical preparations for using computers and allied processing
equipment and programs, and in ground work to contact potential user
agencies and to engender new projects.

Locations of new and continuing projects in Arizona are shown in
Figure 1.

- 1 -
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TABLE 1

AGENCY CONTACT

CONTRACT YEAR 1978-1979

r

N
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AGENCY	 CONTACT PURPOSE
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LOCAL, COUNTY AND PRIVATE

Arizona Cactus Growers • •

City of Clifton, City Manager •

City of Tucson, Airport Authority •

City of Tucson,	 Engineering Dept. • •

City of Tucson, Planning Dept. • • •

City of Tucson, '-ater & Sewer Dept. •

City of Yuma, Community Development
Block Grant •

Continental Oil Company
Environmental Consultant, Colorado •

County of Apache, Planning Dept. •

County of Cochise, Planning Dept. •

County of Graham,	 Planning Dept. •

County of Gunnison, Planning Dept. •

County of 'laricopa, Health Dept.,
Air Quality Control District

•

County of Mohave,	 Planninq Dept.

•County of Pima, Engineering Dept.

County of Pima, Flood Control District •

County of Pima, Health Dept.,
Aii Quality Control District •

County of Pima,
Planning s Zoninq Commission •

County of Pima, Planning Dept. •

AGENCY	 CONTACT PURPOSE

n	 s o	 M	 g	 7
Oo R	 O
a M	 V_17	 t

rr	 R r'	 R	 G	
nN	 N ^	 O

O	 A	
N

LOCAL, COUNTY AND PRIVATE (Con1.)

County of Pima, Wastewater Management •

Counties of Pinal-Gila,
Air Quality Control District •

County of Yavapai, Planning Dept. •

County of Yuma, Planning Dept. •

Environmental Consultant, Colorado •

Meals for Millions

Nature Conservancy •

Science Applications Institute •

University Baylor, Waco, Texas • •

Washington	 (State)
Public River Supply System

•

1. User agencies involved with ARSP past or current projects.

2. Potential user agencies contacted about future projects.

3. Agencies that requested information on remote sensing.

4. Agencies supplied remote sensing imagery by ARSP.

5. User agency -- ARSP contacts for information, education,
project follow up.

6. Visitors to ARSP Laboratory.
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FEDERAL

U.S. Air Force • •

U.S. Bureau of Mines •

U.S. Dept. of Agriculture,
Animal, Plant Inspection

•

U.S. Dept. of Agriculture,
Forest Service • • d •

U.S. Dept. of Agriculture,
Soil Conservation Service • • • •

U.S. Dept, of Housing & Urban
Development, Flood Insurance Admin. • • •

U.S. Dept. of Interior
0Bureau of Indian Affairs 	 cb • • • • •

U.S. Dept. of Interior,	 ►"I
Bureau of hand Management1 • • • • • •

U.S. Dept. of Interior
Bureau of Outdoor Recreation •

U.S. Dept. of Interior,
• • •Bureau of Reclamation

U.S. Dept. of Interior,	 (..;fU {i'j
Fish & Wildlife Service • • •

U.S. Dept, of Interior,
Geologi cal Survey • • • • •

U.S. Dept. of Inte l	r,
Office of Surface M__.Lng

•

U.S. Dept. of Interior,	 rT^
Office cs f Water Resource Tech. •

U.S. Dept. of Interior,
Salt River Project •

U.S. Dep-c. of State, Agency
for International Development • • • •

U.S. Economic Development Admin. •

U.S. Environmental Protection Agency • • • • •

U.S. NASA Goddard Space Flight Center d
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STATE AND REGIONAL

Arizona Aeronautics Dept. •

Arizona Dept. of Health Services
Bureau of Air Quality Control •

Arizona Dept. of Transportation,
Planning Dept. • •

Arizona Game & Fish Dept. • • • • •

Arizona Health Services Dept. •

Arizona Land Dept. •

Arizona Mineral Resources Dept. •

Arizona Oil & Gas Conservation
Commission •

Arizona Property Evaluation Dept. •

Arizona Revenue Dept. •

Arizona Senate Natural Resources
Committee •

Arizona Water Commission •

Council of Governments, Pima • • • • •

Council of Governments,
Southeast Arizona • O •

Havasupai Indian Tribe •

Papago Tribal Utilities Authority •

Papago Tribal Authority •

San Carlos Apache Tribe •

University of Nevada, Las Vegas •

I
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TABLE 2

VISITORS TO ARSP LABORATORY
CONTRACT YEAR 1978-1979

VISITOR CLASSIFICATION ESTIMATED NUMBERS PERCENTAGE

Foreign and related 200 42

Academic
archaeology 210 44

engineering
geography
renewable natural resources
planning
soils

Private industry 2i 10 2

Local, state, and federal 25 5
agencies

General Public 35 7

TOTAL 480 100

Based on a conservative estimated average of two visitors per
working day.

2JCountries or origin include Argentina, Canada, France, India,
Iran, Israel, Kuwait, Niger, People's Republic of China, Mexico,
Saudi Arabia, Russia, Sweden, Tunisia, United Kingdom, and West
Germany.

Primarily engineering and consulting firms.
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Introduction

ARSP is committed to promoting remote sensing use and providing
remote sensing expertise to user agencies. To meet this committment
during the 1978-1979 contract year, ARSP initiated new remote sensing
projects with various state, local and private agencies. New activities
are described in detail in Chapters 1-5.
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CHAPTER 1. LANUSAT APPLICATIONS TO AIR QUALITY MANAGEMENT,
TUCSON URBAN AREA

Introduction

The purpose of this project is to test the applicability of Landsat
multispectral data to air quality management in the Tucson, Arizona
urban area. This project was initiated because of the need for local
air quality planners to better understand the relationship between the lo--
cations of certain area fugitive dust sources and measured total suspended
particulates (TSP). This information is vital for making decisions
on how to best control air quality.

The Tucson urban_ area has been classified as a non-attainment
area for total suspended particulates by the Environmental Protection
Agency (EPA) because of violations of health and welfare standards.
Federal law requires that the air in a non--attainment area be brought
into compliance, or that a plan be implemented with a reasonable time-
table for achieving compliance. A Gaon-attainment Area Plan (NAP) for
particulates has been submitted to the EPA by the Pima Association
of Governments (PAG) Environmental Programs Division. The plan con-
tains recommendations for abatement strategies for the Tucson urban
area through 1982.

A serious difficulty in meeting air quality standards is the in-
complete understanding of the relationships between measured particulate
levels and the actual contributions of many area dust sources. Models
are frequently used to estimate areawide particulate levels or to
extrapolate concentrations to areas away from samplers. The effective-
ness of measures to reduce airborne dust depends in part on the ability
of planners to predict the relative contributions of various dust
source types and to pinpoint those, which when treated, will yield
the greatest reduction for the least cost.

The main NAP recommendations include paving all dirt roads in the
non-attainment area, initiating an extensive street sweeping program
and more strict enforcement of air quality regulations, particularly
in construction areas.

The NAP minimizes the role of particulate contributions from un-
disturbed desert and disturbed vacant land and proposes no controls
under provisions for reasonably available control technology for these
sources. This could be important due to the high cost and difficulty
in implementing their primary plan. In an implementation plan for sus-
pended particulate matter in the Phoenix area, undisturbed desert and
disturbed vacant land (excluding areas of constructi^,,n) were found
to contribute more than 25 percent of the total particulate erosion
for 1975.	 Since Tucson is located in a similar desert setting these



s
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sources can be expected to contribute a substantial amount of TSP emis-
sions for the Tucson urban area. It may be necessary to deal with these
sources to meet the EPA standards by 1982, but an understanding of
the relationship between these sources and TSP levels is imperative.

Impact

Four positive impacts are defined for this study as follows.

1.If the relationship between the location and extent of an area
source and TSP levels can be found, then abatement strategies can be
oriented to eliminate those sources responsible for specific TSP viola-
tions. Failure to meet EPA standards could result in a loss of fed-
eral funds from the Transportation and housing and Urban Development
departments amounting to $140 million through 1982. Impact from this
project could be instrumental in meeting the EPA standards and could
avert such funding losses.

2.Many local planning decisions are being based on a 1978 Emission
Gridded Inventory of Pima County which is in turn based mostly on 1975
data. Because of the high cost of conducting this inventory ($25 thou-
sand) new inventories are not planned in the near future. If Landsat
is successful in identifying various particulate sources and that
data is related to TSP levels, then this data (as well as land use
information) could be used to update annually and be incorporated
into the existing inventory grid for planning purposes at a substan-
tial savings to previous methods used for gathering this information.

3.PAG estimates the cost to local governments for implementing
their NAP strategy through 1982 to be $20 million. Initial attempts
to raise $10 million in bonds to pave dirt roads in the Tucson urban
area failed. By using area source data obtained in this project, pop-
ulation density data from a census, and dirt road and point source
data (1978 Emission Inventory) problem areas could be identified to
focus road paving efforts at a fraction of the cost of paving all
dirt roads in the Tucson urban area.

4.0f the 14 TSP samples operated by the Pima County Air Quality
Control District's monitoring staff, five have been classified as
site specific in that they represent small atypical areas and thus
have no utility for areawide air quality planning. It is projected
that the information on source-TSP level relationships obtained in this
study will be useful in determining where these samplers will be re-
located and where future samplers should be located.

- 9 -
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Methodology

A classification of surface conditions (undisturbed desert and
disturbed vacant areas) within 5 kilometer-by-5 kilometer cells cen-
tered on all areawide representative TSP samplers in the Tucson urban
area will be performed on a Landsat image using CALSCAN, an automated
scene classification software package. Training sites of homogenous
areas for each class are analyzed by the computer using reflective
values in all four Landsat spectral bands. The probability then that
a pixel belongs to one of the classes is computed and the entire area
is classified according to these probabilities. Subsequent techniques,
thresholding, for example, aid in refining this classification, and test
sites are examined to determine the accuracy of the classification.

Using the information obtained in the CALSCAN classification, the
amount and proximity to the sampler of each source class will be cor-
related with actual TSP readings. This procedure will be performed on
two Landsat scenes, separated by a period of several years, and the
results will be compared. it is projected that relationships will be
identified that can be used in determining the most beneficial and
efficient planning strategy for dust abatement.

Two agencies most directly impacted by the potential results of
this research have shown enthusiastic support, a desire to become
involved in the work to the extent their budget and time allows, and
an expectation of considerable savings in money and time. Pima
Association of Governments (PAG) Environmental Programs Director
Jack Hale, stated the following in a letter dated June 13, 1579, to
ARSP.

Your proposed research project entitled "Remote Sensing
Application to Modelling Urban Air Quality Patterns"
(of which our project is a major section) has my unqual-
ified support. Your efforts to incorporate our partic-
ular concerns and needs into the preproposal objectives
will be of significant benefit to our air quality plan-
ning efforts.

Ms. Karen Heidel and I will also be able to commit some
of our time to assist in the project. The details and
scheduling of our participation can be worked out once
the final proposal is under preparation. I feel the
continued commitment of PAG personnel time is imper-
ative. Results from this effort could result in sub-
stantial savings to local governments as PAG member
jurisdictions attempt to meet their Non-attainment
Plan committments over the next five years.

- 10 -



Lee Fox, Prima County Health Department Aix Quality Control Di -.
rector,in a letter to ARSP on May 10, 1979, stated the following:

My staff and I wholeheartedly support your project of "Re-
mote Sensing Applications to Modelling urban Air Quality
Patterns. We look forward to gaining a better understand-
ing of the spatial distribution of Vicson ' s winter morning
haze and to refining the relation between land type and
ambient particulate levels.

Your integrating computerized topographic data with Land-
sat digital data --- yielding a comprehensive and accessible
land use data bank -- will enable us to verify previously
constructed grids of particulates emissions and to begin
to develop site-specific relations between land type and
ambient particulates levels.

We are enthusiastic about the goals of your project and
'	 will assist you in attaining them to the extent that our

_	 limited person- -power allows.

E^

6	
.'
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CHAPTER 2.	 LANDSAT APPLICATIONS TO DUST HAZARD ANALYSIS, 	 I
SOUTHERN ARIZONA

This project was initiated to locate and define the extent of dust
sources along two major traffic corridors, Interstate Highways 10 and
8, and other routes within the Tucson-Phoenix corridor. Between 1968
and 1975 accidents caused by reduced visibility due to blowing dust
claimed 18 lives and caused 129 injuries, since the completion of
Interstate 10 between Tucson and Phoenix the danger from blotiTing
dust has increased greatly.

This research is designed to identify dust hazard areas with Landsat
multispectral digital data and ambient air quality data collected through-
out the study area.

Impact

This endeavor was intended as a demonstration project while pro-
viding a unique source of information to the Arizona Departments of Pub-
lic Safety and Transportation to help them focus their ameliorative
efforts on areas that pose the most acute danger. Because dust problems
are recurrent this technique could have widespread application to numerous
counties at a low cost.

When dust sources are identified steps can be taken to reduce their
contribution to the total particulate concentration in the area. The
method used depends on the nature of the source but includes surface
treatment and land use regulation.

Methodology

The project goal will be reached by the following steps.

A. Classify study area land uses and surface conditions (active
farmlands, fallow fields, abandoned fields, natural desert vegetation)
using Landsat digital data.

B. Produce a map of land use and surface condition change.

C. Analyze ambient air quality trends using data from total suspended
particulate samplers in the area operated by state and county.

D. Statistically analyze air quality trends and land use changes
for test sites of various distances surrounding air quality samplers.

E. Determine what areas are undergoing increased dust levels and
what changes in land use and surface cover are responsible for these
changes.

- 12 --
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CHAPTER 3.	 ENVIRONMENTAL INVENTORY, TUCSON INTERNATIONAL
AIRPORT, TUCSON, ARIZONA

!i
i

Introduction
i

The purpose of this project was to update the 1974 draft Environmen-
tal Inventory of Tucson International Airport (TIA) compiled by OALS.
The analysis also includes a more detailed study of the area to be
acquired for airport use.

Funding for the project was supplied entirely by the Federal Avia-
tion Administration. Several ARSP personnel were involved and four
sections of the inventory used remote sensing technology.

Impact

This project involved an inventory of 6,500 acres of land for ac-
quisition by TIA. One new runway to accommodate jet traffic is planned
as part of the expansion program. In order to minimize environmental
impact to the local area and to minimize noise levels, the runway

configuration was changed. This allowed, improvements to remain intact
on land owned by Tucson's largest defense contractor. Conversations
with city and county officials in the Aix Quality Control. District
and the Departments of Transportation and Planning Zt,ning aided in
developing a project reported earlier (Chapter 1) and offered an
opportunity to expose these officials to this and other potential uses
of remote sensing to help solve their problems.

Methodology

A high altitude color photo enlarged to 1:31,000 and black and
white photos enlarged to 1:7,2000 were used as data sources and map
bases. Extensive field observation and literature surveys completed
the data base for the report.

Sections on hydrology, vegetation, wildlife, archaeology, land
use and air quality were updated. Remote sensing technology was used
extensively in several sections to prepare maps and to locate features.
A vegetation map at a scale of 1:50,000 was prepared. Based in part
on this map, an inventory of plants, mammals, birds, reptiles and am-
phibians was compiled. Drainageways were mapped from large scale
aerial photographs. Land use changes were mapped and identified
through photointerpretation and ground checks.

- 13 -
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WILDLIFE HABITAT MAPPING, THREE BAR AND TONTO
AREA, ARIZONA

CHAPTER 4.

Introduction

In August 1978 the Arizona Game and Fish Department Research Divi-
sion contracted with ARSP to provide a detailed (1:24,000) wildlife
habitat map of a 300 square mile study area in central Arizona. This
map will be used in conjunction with radio--telemetred location data on
black bear, javelina and mule deer.

Impact

The primary product will be a precise definition of wildlife habi-
tat which can be extrapolated elsewhere in the state for management
purposes such as determining carrying capacity, critical areas
and hunting permits. The Arizona Game and Fish Department reported
more than $3.3 million annual income from hunting licenses and tag
revenues.

Other benefits from this project include the following.

1. Preliminary results were presented by ARSP at the Pecora IV
Symposium on the Use of Remote Sensing in Wildlife Management, Sioux
Falls, South Dakota, October 1978. The ARSP presentation aroused
new interest in remote sensing application among participating agen-
cies and strengthened the conviction in the utility of remote sensing
in wildlife management.

2. The habitat maps will be used to evaluate a Landsat automated
classification of the same area.

3. The Arizona Game and Fish Department has expressed interest
in training workshops so that their personnel can effectively utilize
remote sensing technology; details of establishing the training ses-
sions are being pursued actively.

4. The principal investigator in this project co--authored a new
chapter on remote sensing in the Wildlife Techniques Manual published
by the Wildlife Society. It is believed that a better understanding
of remote sensing techniques and demonstration of their uses will
stimulate increased use of Landsat data and aerial photographs.

5. ARSP was asked to participate in a panel discussion on habitat
held by the Western Black Bear Biologists Association.

14 -



Aerial photography and Landsat imagery has been demonstrated
to be a useful and cost-effective tool in wildlife and habitat
management, but few managers are aware of these techniques and even
fewer use them to full advantage. The Arizona Game and Fish Depart-
ment has demonstrated a strong interest in using aircraft and space-
craft derived imagery and in developing an in-house expertise in one
or both systems. Further ARSP involvement in helping the Arizona
Game and Fish Departments in these areas will be enhanced greatly
by demonstrating expertise in this initial project.

Methodology

Standard photointerpretation of 1;24,000 color infrared aeri:Al
photos is being used to produce the habitat maps. Because of-the
detail required in some of the desert areas, a lower stage sampling
camera also is being employed. A 35mm camera is used to expose large
scale photos (1:1,000) along carefully planned strips. Plant species
can be identified at this scale enabling very detailed mapping of veg-
etation types and even key forage species such as the prickly pear
cactus.

Due to the increasing cost of aerial surveys and tighter govern-
mental budgets, ARSP initiated this project, in part, to develop an
operational capability to use large-scale sample strips to augment
existing high altitude photography. When used in conjunction with
this procedure, using such imagery as 1,125,000, 13-2 black-- and-white
photos should be increased and should meet more effectively many
resource inventory needs.

- 15



E

CHAPTER 5.	 VEGETATION INVENTORY AND MAPPING, INTERNATIONAL
BUSINESS MACHINES (IBM), TUCSON, ARIZONA

Introduction

In 1977 OALS contracted with International Busines Machines (IBM)
to prepare an environmental inventory of the 1,900 acre plant site
in Tucson, Arizona. ARSP was responsible for producing a vegetation
inventory and map.

Impact
E

Using large scale photography, members of the ARSP laboratory were
able to locate significant native plant species on the 200 acre develop-
ment site. These plants were identified on the ground, tagged and trans-
ferred by a commercial nursery to a temporary on--site nursery. Ultimate-
ly, this natural vegetation will be incorporated into the landscaping
scheme of the IBM development site.. IBM will realize more than
$2,000 savings by using the preserved vegetation instead of purchasing
it from commerical sources.

More important than the savings in the inital costs of landscaping
are the long-run savings in operating costs, and a demonstration of the
feasibility of using original native plants to revegetate a disturbed
area. Early in the planning stages, IBM adopted a policy that irrigating
the landscaping would be minimized in view of the critical groundwater
shortage in the Tucson Basin. Water salvaged from treated sewage
effluent and harvested from natural runoff are proposed as the only
source of irrigation water for landscaping. Natural desert vegetation
salvaged from the site requires less water than exotic plants and
allows a lower water input. If implemented this plan could a) result
in considerable savings in cost of purchased water; b) demonstrate the
desirable results of wise planning; c) set an outstanding example to
other companies in this rapidly growing area to design plant facilities
that will save money while reducing the burden on the already overused
Tucson Basin aquifer and d) preserving the aesthetic values of the
desert scene.

Methodology

The purpose of the vegetation inventory was to determine the distri-
bution and abundance of plant species on the development site. Abundance
was determined by the line intercept method, and for the vegetation map
and floral inventory large scale natural color aerial photography
(1:6000) was combined with site survey.

The feasibility of using Landsat digital data and a computerized
classification program for initial broad scale survey was tested at this
site after completion of the photographic based survey. Original data
from Landsat was preprocessed to yield a geometrically corrected and
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classification program compatible format. The image was corrected for
use at a scale of 1:24,000. Vegetation classes were selected from
the previously constructed trap and training sites were selected from
these areas. Training sites included patterns indicating land use,
vegetation types, and other cultural features.

i
The most significant vegetation association identified in the

classification was the mixed mesquite cactus association. Prevalent
-	 in the lower more level soils in the central portion of the site, this

association showed the greatest diversity of the vegetation in the
study area.
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Introduction

During the 1978-1979 contract year ARSP also continued projects
which had been initiated in the previous contract year(s). ARSP activ-
ities which continued into the 1978-1979 contract year are discussed in
detail in the Following Chapters 6-9.

- 19 -
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CHAPTER 6.	 ENVIRONMEN'T'AL IMPACT STATEMENT, HAVASIJPAI
INDIAN RESERVATION, ARIZONA

f{

Introduction

In 1977 the Havasupai Indian Tribe contracted with OALS to
prepare an environmental impact statement (EIS) on the "Secretarial
Land Use Plan for the Addition to the Havasupai Indian Reservation."
Although no NASA funds were used, ARSP staff participated in several as-
pects of the project. Remote sensing technology applications had major
impacts in the resource assessments and in land use decision-making.

Impact

The wildlife, soils, vegetation and geology portions of the EIS
prepared by ARSP included the following recommendations.

1. That a proposed agricultural development of 200 acres in Pas-
ture Wash be abandoned since the analyses indicate that it was not
economically viable. It is estimated that development would cost
$1,000 per acre (total development costs would be $200,000).

2. That grazing be reduced for sustained production of horses and
cattle to maximize efficiency and increase revenues to the Tribe over
time.

3. That six campsites be developed to take advantage of the unique
recreation potential of the Reservation. The annual income per campsite
is estimated conservatively at $10,000 (a total income of $60,000 from
all campsites).

Because the EIS has been held up, no action has been taken on any
of the recommendations.

- 20



CHAPTER 7.	 VEGETATION DAPPING AND FLORAL SURVEY, ORGAN PIPE
CACTUS NATIONAL MONUMENT, ARIZONA

Introduction

The vegetation mapping and floral survey project for Organ pipe
Cactus National Monument began in August 1977, and is scheduled for
completion in October 1979. The four primary objectives of the project
are to 1? provide a vegetation map of the 520 square mile monument
at a scale of 1:24,000; 2} conduct a floral inventory; 3) Describe the
history of the natural vegetation by compiling an annotated biblio-
graphy of references and assembling useful historic ground and aerial
photographs; and 4} provide management recommendations and a workshop.

The project is near completion. Field work, draft Maps, biblio-
graphy and floral inventory have been completed and the narrative is now
being written. The workshop is scheduled for October 1979.

Impact

This project represents an important step in technology transfer.
Rather than simply providing a map of limited utility to the monument
staff, ARSP 2rovided a complete package consisting of baseline inven-
tory, interpretation of the information and problem solution and
management recommendations.

As previously described (ARSP 1977--1978 Annual Report) this project
also will produce the following benefits.

1. Eliminatation of the need for a special map of threatened and en-
dangered cactus estimated to cost $50,000.

2. Elimination of a plan to reseed rangeland estimated to cost
$20,000.

3. Increasing visitor use to boost revenues by an estimated $84,000
because of trail location and removing exotic plants which were facilitated
by the map.

one important demonstration of the low cost and effectiveness of
aerial photography will be conclusions about vegetation and land use
change drawn from comparing old and recent aerial and ground photographs.
This information will be important in making policy decisions regarding
visitor use of public lands.

Methodology

A vegetation type map is being constructed at scales of 1:14,000
and 1:62,500. The small-scale map is a generalized version of the large
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map. Photointerpretation of color aerial photographs at 1;24,000
scale is being used to delineate vegetation type boundaries, Specific
details of the vegetation within each mapping unit were gathered from
field observations.

A hierarchical, physiognomic-floristic legend names and describes
each vegetation type. An expanded narrative version of the legend in-
corporates data gathered in field surveys and from photointerpretation
and also explains observed variation within the units described in
the Monument.

Historical ground and aerial photographs will be compared
to recent photographs and a history of the observed changes will be
written. This will be combined with information from the vegetation
map and from the annotated bibliography to form a general history of
vegetation and land use in the area now defined as the Monument.
This information all will be dissemenated to scientists and managers
to prepare them for a management workshop. With the input from these
experts ARSP will write a series of management recommendations for
natural resources in the Monument.

4
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CHAPTER 8.	 VEGETATION MAPPING, GRAND CANYON NATIONAL PARK,
ARIZONA

Introduction

During the 1977.1978 contract year ARSP began a project supported
by the National Park Service to construct a map of vegetation types
within the Grand Canyon National Park. The map is a primary compo-
nent of the resource base inventories mandated by the U.S. Department
of the Interior and is intended to supply the necessary information
to protect and conserve natural resources and to develop park lands
for public enjoyment.

The contract calked for the completion of about one--hal "f of the
total area. Field work to develop the classification system and to
map the areas has been completed.

Impact

While the primary use of the maps constructed for this project is
to allow National Park Service resource managers and administrators to
manage resources wisely and economically, National Park Service Adminis-
trators have been favorably impressed by the ARSP demonstration of
remote sensing efficiency in conducting resource inventories.

Based on a draft map produced in a timely manner, the National
Park Service made a significant decision with short-term economic
and long-term ecological, aesthetic and economic consequences. The
Forest Service has delayed indefinitely a plan to spray insecticide on
National Park Service forests in an attempt to control spruce budworm
infestation. This insect normally occurs at low levels in spurce for-
ests but when populations are very high, can do extensive damage to the
trees. The Forest Service plan to spray their spruce-fir forests and
similar forests on adjacent land in the Grand Canyon National Park was
postponed by request of the Park Superindendent when it was shown on
the vegetation map that the area to be sprayed in the Park comprised
approximately 90 percent of the Park's holdings, It was originally
believed that a very much smaller part of the total would be affected.
Not only has this prevented untold and perhaps needless disruption of
the forest ecosystem, but is saved the considerable cost of the treatment.

Park planners and resource managers continue to expect considerable
savings in cost and time by using the maps and vegetation descriptions
in Eire management, facilities development planning, environmental 	 {
assessment studies, and to enhance visitor appreciation and enjoyment
of the Park. National Park Service use of the vegetation map and
related products is expected to save hundreds of thousands of dollars.



.^j

r

Methodology

Standard laboratory and field procedures with modifications develop
ed by ARSP are being used to increase the efficiency-fficient of data ac uisition
These include ground data on species present, including species predomi-
nance within the type, height and percent of ground cover. Data on
physical characteristics of the habitat are collected and notes are
made on changes in initial type boundaries. Vegetation type boundaries
are corrected in the ARSP laboratory and the information is trans-
ferred to a composit sheet at the final product scale. Either a num-
ber or an acronym specifying a vegetation type identifies every mapped
area. This descriptor refers to an expanded annotated legend that
accompanies the map.

Data collection techniques and extensive use of photointerpretation
assumes special importance because of the extremely rugged terrain and
difficult or costly access to large portions of the Park. A greater
than usual reliance on laboratory photointerpretation to delimit types
in inaccessible areas is made possible by gaining some knowledge of the
correlation of terrain variables and vegetation types. Terrain variables
can be interpreted readily from imagery; vegetation types can be
inferred from established terrain-variable vegetation relationships.
This approach also lends itself well to digital processing and classifi-
cation of Landsat multispectral scanner da%a. Computer classification
techniques are being used to demonstrate tfe feasibility of using Landsat
data in vegetation inventories, and to augnent the more traditional photo-
interpretation approach.

A hierarchical legend with increasingly specific information in
lower levels was developed at the beginning of the field work and was
refined with data from field observation. The legend is physiognomic
or descriptive at the higher levels but includes names of species
that characterize a vegetation type at the lowest levels. The legend
not only names each vegetation type but briefly describes the species
clusters and variation within the clusters.
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CHAPTER 9.	 GEOLOGICAL LANDSAT APPLICATIONS TO WATER SUPPLY
LOCATION FOR MUNICIPAL AND INDUSTRIAL USE,
NORTHEASTERN ARIZONA

Introduction

The general objective of this study funded by the U.S, Department
of the Interior Office of Water Research and Technology (OWRT), was
to develop a method to explore for water supplies using linear
faulting detectable from satellite imagery. The study was divided
into four major parts as follows.

1. Using published data, transfer known 'structures to a working
base of 1:250,000

2. Using Landsat imagery at a scale of 1:250,000, Wrap and locate
lineaments

3. Using various digital image enhancement techniques, develop
comprehensive lineaments in two test areas

4. Correlate lineaments with wells within the test areas and
determine favorable locations for other productive wells.

Well supply in northeastern Arizona is becoming increasingly impor-
tant for domestic use in Flagstaff and other communities and for indus-
trial use in energy production. The Four Corners Area is included in this
study and is rapidly becoming the "fuel box" for the Southwest. In 1970,
generating plants with a capacity of 20,600 me gawatts (mw) supplied all
the energy needs of Arizona plus portions of Colorado, New Mexico, Cali-
fornia, Nevada and Utah. Of the 27,$00 mw, more than 7,000 mw, or 25
percent were generated by coal; 5,100 mw of the 7,000 mw were generated
within the study area or immediately adjacent to it. In addition, all
coal mining activities within the State occur on Black Mesa.. Water is
used for coal slurry to control dust and to meet sanitary needs. All
plants except the Navajo power plant and the mining operation  require
Arizona groundwater.

Groundwater demands, then, for energy production and coal mining
in the area total approximately 25,000 acre feet per year (AFY), which
makes industrial water demand the second largest in the area.

Irrigated acreage in production in the Apache, Coconino, Navajo
and Yavapai county area is approximately 28,000. Typical crops are
alfalfa, corn and sorghum. A composite water use of approximately
2 AFY per acre in the four--county area yields a water withdrawal of
56,000.

Municipal water demands are centered in the Flagstaff area using
approximately 9,500 AFY.

25 ,-
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The Arizona Water Com;nission and the State Water planning agency
have estimated a dependable groundwater supply of 97,000 AFY;
thus demands tabulated in Table 3 are now about equal to supply. The
necessity in the future to produce additional electrical energy and
coal will place the area into an overdraft status.

The 27,800 mw demand in 1970 may increase to 58,600 mw in 1980
and 109,900 in 1990. Coal availability in the study area will support
additional generating capacity, but water availability definitely may be
the limiting factor if new inventory techniques are not used now to
understand better the potential area water supply.

Impact

Several data products previously unavailable, resulted from this
project. These tabulations and maps will be useful in future geohydro-
logic studies in northeastern Arizona. They include the following.

1. Detailed tabulations of well hydrologic data in the Flagstaff and
St. Johns-Snowflake-Springerville areas.

2. Lineament maps, scale 1:250,000, of the entire northeast quadrant
of Arizona derived from photointerpretation of conventional Landsat imag-
ery and previously published data.

3. Lineament maps, scale 1:250,000, of sites A and B derived from
photointerpretation of computer-enhanced Landsat imagery;

In addition, during the project, two advanced quantitative pro-
cedures were applied extensively in data processing and analysis. 'these
were: computer processing enhancing satellite images, and spatial cor-
relation of point (well) and linear (lineament) data using a radius-of-
influence concept. Although the purpose of this study was not solely
to evaluate data processing and analysis techniques, sufficient ex-
perience was gained with these procedures to indicate that they are
valuable tools for lineament mapping and correlation with other data.

The methodology developed in this project uses large areas in an
initial survey,relatively low resolution Landsat imagery coupled with
computer enhancement to locate areas of high lineament density and inter-
section density for further mapping from aerial. photography (see Figure 2).

The results of this project indicate that as long as there is a re-
lation between Landsat-mapped lineaments and smaller fracturing in a given
area, this two--stage procedure should be a fruitful and efficient approach
to groundwater exploration over large areas-

It.

- 26 -



TABLE 3
STUDY AREA WATER DEMANDS

x.v.

SECTOR DEMAND*

Energy Production 25,500

Coal. Production 3,500

Agriculture 56,000

Municipal 9,500

TOTAL 94,500

*excludes 34,000 AFY need at Navajo plant
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Figure 2. Methodology flow chart, Landsat application to locating water
supplies.
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Methodology

In this ARSP study, photo - ineaments in the northeast quadrant of
Arizona were mapped from sta".Lard EROS Data Center false color Landsat
composites and from computer--enhanced Landsat imagery of two intensive
study sites. Several spatially distributed parameters obtained from
these maps, such as Lineament density and lineament intersection
density, were mathematically correlated with water well survey data
(specific capacity, specific conductance) within the study sites to
establish the most useful combination of data for extending "linea-
ment signatures" throughout the entire northeast quadrant. With ARSP
(computer-image processing) groups involved in this investigation
included the University of Arizona Department of Mining and Geological
Engineering (lineament mapping) and Water Resources Research Center,
Arizona Water Commission, Phoenix.

U.S. Geological Survey (USGS) ton_ographic mans at 1:250,000 scale
were chosen as databases. SeLectina.USGS maps provided three ways to
locate and transfer the known structures: 1) by latitude and lonait-ade;
2) by physical and geographic reference points; 3) b y township and range.
All reliable published map data on geologic structure were transferred
to base maps at 1:250,000 scale.

Six Landsat satellite scenes cover the northeast quadrant of
Arizona (Figure 3). The primary constraint imposed on selecting images
to use in this study was to have approximately the same solar irradiance
angle in all six maps. Topographic accentuation by shadowing them
would be consistent throughout the entire study area. Landsat image
catalogs were reviewed and six cloud-free images, with a seasonal vari-
ation of six weeks or less, were chosen. identification numbers and
solar elevation and azimuth angles of these images are shown on Figure
3. The angular variations are close to the minimum obtainable with Land-
sat over such a large area.	 All images were acquired in 1976 with the
exception of 2135--17204 which is from 1975. False color composites,
simulating color infrared films images, were purchased from the USGS-
EROS Data Center, Sioux Falls, South Dakota, at 1:250,000 scale. In
addition, computer compatible tapes (CCT) of scenes 2477-17153 and 2476-
17095 were purchased. These scenes contain the Snowflake and Flagstaff
test sites and were acquired in digital form to investigate the useful-
ness of computer image enhancement for lineament mapping (Figure 3).

Clear acetate overlays were placed over the color composite imagery
and the lineaments were identified using conventional photogeologic
interpretation techniques. Lineaments were classified according to
occurrence and visual expression on the Landsat imagery. Seven types of
linear characteristics are listed below.

1 Abrupt, sharp, angular breaks in drainage system
2 Alignment of several topographic features
3 Abrupt or subtle tonal changes in surface radiance
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Figure 3.	 Landsat coverage of northeastern Arizona used during
investigation.
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4 Straight, or curved breaks in otherwise unbroken topography
5 Straight, persistent cliff escarpments
6 Abrupt termination of drainage systems
7 Long, straight or curved stream segments

All data, lineaments and previously published information on struc-
tures then were tranEferred to a single base man at a scale of 1:250,000.
To avoid duplication when correlating lineaments with known structures,
only the known structures were plotted on the final map. A lineament was
considered to represent a known structure when it was found to lie within
1 to 2 miles of a known structure and trended in the same direction. To
trend in the same direction, the lineament could vary no more than
15 degrees from the known structure strike. correlation between known
structures and lineaments was found to be good in all cases except for the
long, sinuous, broad folds which were difficult to identify on the
Landsat imagery. Furthermore, these features were difficult to Locate
precisely from the published material, since plotting these folds was
inconsistent in the literature.

To develop a more comprehensive lineament map of the Flagstaff and
Snowflake test areas, various computer enhancement techniques were ap-
plied to the Landsat CCTs. Selecting bands 5 and 7 for enhancement was
based upon the high reflectance of vegetative qrowth in band 7 and its
correspondingly low reflectance in band 5. Rock and soil have a
slightly higher reflectance in band 7 than band 5. Therefore, both
bands provide high contrast between vegetation and most rock and soil
types. Bands 4 and 6 were not considered due to the relatively high
atmospheric scattering in band 4 and greater reflectance of vegetation
in band 7 over band 6. Another reason for selecting bands 5 and 7 was
that ratio enhancements provided excellent separation between the re-
flectance of vegetation and of rock. All computer-enhanced image pro-
ducts were produced as negative black-and-white photographic transparen-
cies on the University of Arizona Pictorial Output Device (POI]) (Figure 4).
This device accepts a spatially formatted digital image tape and produces
a photographic hardcopy by modulating the irradiance of a small light
spot falling on the film The scale of the POD imagery was 1:790,000;
these negatives were enlarged optically to 1:250,000 positive prints
for interpretation.
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b. Synthetic Reflectance Image
	 Landsat Image

Figure 4. Topographic data and a Landsat image of high relief area.
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Introduction

An important ARSP function is to demonstrate its capabilities to
enhance user agency decision making alternatives through technology
transfer and educational programs.

The Grand Canyon National Park vegetation mapping project used
computer classifications of Landsat multispectral data in combination
with aerial photography and ground survey techniques to demonstrate to
user agencies the accuracy and cost effectiveness of this multidimen-
sional digital data base approach (Chapter 10). Workshops, such as
the Remote Sensing Workshop for the Bureau of Land Management (BLM)
also have allowed ARSP another technolo gy transfer avenue (Chapter 11).

Educational and promotional activities comprise an important ARSP
function to promote NASA-generated remote sensing capabilities. During
contract year 1978-1979 ARSP participated in and contributed to several
remote sensing conferences, workshops and briefings (Table 4). Twenty--
two remote sensing courses,several taught by ARSP staff, are offered
by UA (Table 5). The UA Remote sensing Newsletter was continued to
keep the public informed aboaut UA-ARSP remote sensing activities
(Chapter 12).

t
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TABLE 4

WORKSHOPS, BRIEFINGS

American Association of Geographers Annual Meeting
New Orleans, Louisiana
April 1978

NASA-Ames Conference on Remote Sensing Education
Stanford University, Palo Alto, California
June 26-30, 1978

Fourth William T. Pecora Memorial Symposium ---- Remote Sensing
and Wildlife Management

EROS Data Center, Sioux Falls, South Dakota
October 10-12, 1978

American Society of Photogrammetry Fall Technical Convention,
American Congress on Surveying and Mapping

Albuquerque, New Mexico
October 16--20, 1978

International Arid Lands Conference on Plant Resources
Lubbock, Texas
October 1978

Association of Western Black Bear Biologists, Panel Discussion to
Promote Remote Sensing Use in Management

Tempe, Arizona
March 1979

Workshops

Bureau of Land Management Workshop for Land Management Personnel
St. George, Utah
May 8-11, 1978

Colorado Natural Areas Workshop
Western State College, Gunnison, Colorado
August 1978

Vegetation Classification Workshop, Arizona Game and Fish
Department, Applied Remote Sensing Program

El Coronado Ranch, Cochise County, Arizona
March 2--3, 1979
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TABLE 4 (CONT.)

CONFERENCES, WORKSHOPS, BRIEFINGS

Briefings

Briefing to Senator Dennis DeConcini on flood hazard analysis
and applying remote sensing in Arizona

Washington, D.C.
March 1978

Briefing to The Nature Conservancy National Headquarters
Washington, D.C.
July 13, 1978

^2_ry
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TABLE 5

REMOTE SENSING COURSES, FACULTY AND RESEARCH STAFF
UNIVERSITY OF ARIZONA
CONTRACT YEAR 1978-1979

w
v

^	 I

K '

ACADEMIC OR RESEARCH DIVISION COURSE

(F)Fall	 Course
(S)Spring	 Number	 Title

STUDENTS ENROLLED
Undergraduate

Graduate Total

FACULTY

Name, Title

RESEARCH STAFF

Title	 Number

AGRICULTURE

School of Renewable Natural W. R. Rasmussen, Assistant Research Assistant	 .51/
Resources Research Professor, Renewable

Natural Resources Extension
Specialist

Soil and Water Science (F)	 A253 Remote Sensing in 8	 0	 8 D.F. Post, Professor, Soils Research Assistant l
Agriculture Water and Engineering	 Research

Scientist Agricultural Chemistry

Watershed Management (F)	 WM220 Photogrammetry 11	 0	 11 P.N. Knorr, Professor # School of
Renewable Natural Resources,
Research Scientist, Forestry.

(S)	 WM222 photointerpretation 45	 14	 59 G.S. Lehmn, Associate Professor
School of Renewable Natural
Reacurcea, Associate Research
Scientist, Watershed Management

BUSINESS AND PUBLIC ADMINISTRATION

Geography, Regional Development R.W. Reeves, Professor,
and Urban Planning Geography Regional Development,

Urban Planning, Department Head

(F)	 IDS 130 Introduction to Remote 67	 3	 70 22/
Sensing

(S) GEOG 283 Geographic Application 8	 7	 15 2-2/
of Remote Sensing

EARTH SCIENCES

Geosciences G.H. Davis, Associate Professor
Geoscience, Geology
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TABLE 5 (Cont.)

REMOTE SENSING COURSES. FACULTY AND RESEARCH STAFF

UNIVERSITY OF ARIZONA
CONTRACT YEAR 1978-1979

I

La

ACADEMIC OR RESEARCH DIVISION COURSE

(F) Fall	 Course
(S) Spring	 Number	 Title

STUDENTS ENROLLED

Undergraduate
Graduate Total

FACULTY

Name, Title

RESEARCH STAFF

Title	 Number

ENGINEERING

Civil Engineering and (F)(S) CE254 Photogrammetry 15	 6	 21 P.B. Newlin, Professor, Civil
Engineering Mechanics Engineering, Engineering,

Engineering Mechanics

Electrical Engineering J.A. Regan, Professor,
Electrical Engineering

B.R. Hunt Professor, Systems ResearchAssistant 4
and Industrial Engineering Research Associate 1
and Engineering Mechanics Secretary	 1

Systems and Industrial (F)	 SIE 236 Image Processing 4	 14	 is J
Engineering Laboratory

LIBERAL ARTS

Atmospheric Sciences (F)(S)AS 356 Atmospheric Optics 0	 15	 15 B.M. Herman Professor, Research Assistant 2
Research Technician .5Jand Radiation Atmospheric Sciences

(S)	 AS 361 Radar Meteorology 0	 3	 3 L.J. Battan, Professor, Research Assistant 1.5
Atmospheric Sciences,
Department Head, Director,
Institute of Atmospheric Science

(F)	 AS 385 Principles of Atmos- 0	 3	 3 J
pheric Remote Sensing

MINES

Mining and Geological (S)	 MGE 207 Photogeology 29	 3	 32 C.E. Glass, Assistant Professor,
Engineering Mining and Geological

(S)	 MGE 307 Geological Engineering 0	 s	 a Engineering

OPTICAL SCIENCES CENTER

Committee on Optical sciences (F)	 OSC 230 Fundamentals of Remote 13	 2	 15 P.N. Slater, Professor, Optical
Sensing Sciences, Cha;_rrexson,

Commttee in Remote Sensing
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TABLE 5 ( Cont.)

REMOTE SENSING COURSES, FACULTY AND RESEARCH STAFF
UNIVERSITY OF ARIZONA
CONTRACT YEAR 1978-1979

^	 I

w

I

ACADEMIC OR RESEARCH DIVISION COURSE

(F) Fall	 Course
(S)Spring	 Number	 Title

STUDENTS ENROLLED

Undergraduate
Graduate Total

FACULTY

Name, Title

RESEARCH STAFF

Title	 Number

OPTICAL SCIENCES CENTER (Cont.)

Committee on Optical Sciences (F)	 OSC 236 Image Processing 4	 14	 18 J,J. Burke	 Staff Scientist,
(Cant.) Devices, Systems and Optical Sciences Lecturer,

Applications Optical Sciences

(S)	 OSC 235 Automatic information 1	 9	 10 P.H. Bartels, Professor,
Extraction and Microbiology Liberal Arts,
Classification. Optical Sciences

(S)	 OSC 238 Radiometry NOT OFFERED 78/79 W.C. Wolfe, Professor
Optical Sciences

(F)	 OSC 239 Infrared Techniques 0	 14	 14

(S)	 OSC 267 Photographic Recording NOT OFFERED 78/79 J
Processing

(S)	 OSC 324 Coherent Optical Data NOT OFFERED 78/79 J.D. Gaskill, Professor,
Processing Optical Sciences, Administrator,

Academic Affairs-Optical
Sciences

(S)	 OSC 325 Methods of Image NOT OFFERED 78/79
Restoration and
Enhancement

(S)	 OSC 332 Optical Properties of 0	 5	 5 B.R. Frieden Professor, Research Assistant 1
the Atmosphere and Optical Sciences
Ocean

OFFICE OF ARID LANDS STUDIES

Applied Remote Sensing Program J.D. Johnson, Principal
Investigator Director of
Arid Lands Studies
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TABLE 5 (Cont.)

REMOTE SENSING COURSES, FACULTY AND RESEARCH STAFF
UNIVERSITY OF ARIZONA
CONTRACT YEAR 1978-1979

ACADEMIC OR RESEARCH DIVISION COURSE

(F) Fall	 course
(S)Spring	 Number	 Title

STUDENTS ENROLLLC	 FACULTY

Undergraduate
Graduate Total	 Name, Title

RESEARCH STAFF

Title	 Number

OFFICE OF ARID LANDS STUDIES
(Cont.)

K.R. Foster, Co-Principal
Applied Remote Sensing Program Investigator, Associate
(Cont.) Director, Office of Arid

Lands Studies

D.A. Mouat, Applied Remote Research Assistant	 8
Sensing Program Director, Research Technician 1
Assistant Professor of Secretary	 1
Geography, Research Fellow,
Arid Lands Studies

R.A. Schowengerdt, Assistant
Professor, Remote Sensing,
Systems and Industrial
Engineering, Office of Arid
Lands Studies

In full-time equivalence

J Course taught by D.A. Mouat, office of Arid Lands Studies SUMMARY

J Course taught by R.A. Schowengerdt, Office of Arid Lands Studies Number of Remote Sensing Courses 22

J Course taught by S.M. Herman, Atmospheric Sciences Number of Enrolled Students (Total) 325

_,/ Course taught by N.L. Wolfe, Optical Sciences Undergraduate Students (205)
Graduate Students (120)

JCourse taught by P.N. Slater, Optical Sciences
' Number of University Faculty 23

Number of Research Staff 22.5
Research Associates (1)
Research Assistants (18)	 l
Research Technicians (1.5)-1
Secretaries (2)
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CHAPTER 10. MAPPING THE VEGETATION CF GRAND CANYON NATIONAL
PARK WITH A MULTIDIMENSIONAL DIGITAL DATA BASE

Introduction

Production of land-use maps from computer classifications of Landsat
multispectral data is becoming a common technique among Landsat data
users. When these techniques are used in combination with aerial photo-
graphy and extensive ground survey, one can achieve an accurate and mod-
erately detailed delineation; however the maximum efficiency and use--
fulness inherent in the digital data probably has not yet been achieved.
One possible way to increase Landsat data utility is to combine it with
digital data from other sources. Such an attempt to extend Landsat
value is being made in conjunction with the Grand Canyon National Park
vegetation mapping project.

Impact

This project has two goals 1) to increase the classification accuracy
and utility of Landsat multispectral data by combining it with other
geographically derived data; and 2) to demonstrate to state and fed(:ral
administrators and resources managers the utility and cost effective-
ness of such a process and the products derived from it. Recently
these administrators have expressed their pleasure with current progress
on remote sensing vegetation mapping. Now they should be more receptive
to further overtures using Landsat in resource inventories and land use
change data gathering, especially when the data is combined with more
detailed data collected in an integrated multistage approach.

Methodology

Grand Canyon National Park is an area of high vegetation diversity,
high relief and thin vegetative cover. These factors create a severe
challenge to Landsat multispectral data use.

Three representative study areas have been selected as shown in
Figure 5.Digital topographic data for the areas has been acquired from
the USGS. Field work and photointerpretation now have been performed
permitting classification training sites selection within these study
areas.

The first step in incorporating the digital terrain data in a clas-
sification is spatial registration with the Landsat data (Figure 5). To
accomplish this, a computer-derived synthetic reflectance image is cal-
culated from the elevation data and specified solar elevation and
azimuth angles. Figure 5 depicts this processing for the eastern part
of the Canyon. The synthetic reflectance image assumes a specific model
for surface reflectance, in this case a Lambertian model, but contains
no information about different surface cover types. The similarity
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between the synthetic reflectance image and the Landsat image, also
shown in Figure 5, permits accurate correlation between the two sets

i of data..
{

The next step in the project will be to include the elevation data
as a fifth channel in a supervised classification. Further refinements
will include: 1) testing the use of Landsat spectral band ratios rather
than the original channels to minimize topographic slope and aspect in
addition to, or in place of, elevation data. Including topographic in-
formation with Landsat data is expected to greatly improve automated
vegetation and geologic mapping in high relief areas of the Canyon.

i
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Figure 5. Location of study areas for digital classification
in the Grand Canyon.
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CHAPTER 11. REMOTE SENSING WORKSHOP, BUREAU OF LAND MANAGEMENT?
ARIZONA STRIP DISTRICT

Introduction

At Bureau of Land Management's (BLM) request, ARSP submitted an
outline for a training workshop on using aerial photographs for resource
surveys and terrain feature identification. in May 1978, ARSP conducted
a one-week training course for 20 employees of the BIX Arizona Strip
District Office in Saint George, Utah (BLM/NASA/U.S. Geological Survey -
Remote Sensing Project). Success in gaining this contract is due in
part to previous overtures to BLM and other smaller training sessions
sponsored by ARSP using NASA funds.

Impact

This workshop entailed transfer of remote sensing technology at a
most important level, increasing the knowledge and skill of the staff
who are daily users of remote sensing products. Dwayne Sykes, BLit
states the following in a letter to ARSP.

"The workshop was very appropriate and filled a need among
the resource specialists in the district, especially those
with little experience... In the past BLM training in using
and interpreting aerial photography has been rather limited.
Many longtime employees have never participated in any for-
mal training. For these reasons the workshop last year was
quite valuable for us in the district... Aerial photography
in the district is used mainly to locate projects or develo p

-ments, to identify terrain features and to map vegetation
types, The principles 	 vegetation identification brought
out in the workshop as well as scale determinations and
measurement and geologic interpretations from photos have
been very beneficial to those who took the class. It is
the type of training that many of us can and do use almost
daily in our jobs."

In previous projects, ARSP has worked closely with agencies to
design products that will fit their needs; however, only those few
agency people coordinating the project received the remote sensing
training. The agency staff receive little actual experience with
the methodologies. When ARSP involvement terminates, there was not
a qualified staff to continue the training work. The short-course
instruction produces a work force which can effectively apply remote
sensing technology.

As a result of BLM training course success, ARSP is negotiating
with the Arizona State BLM office and the Arizona Game and fish
Department to develop similar courses for their staff.
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Methodology

The basic course included general remote sensing principles, descrip-
tions of commonly used platforms and imagery, photogrammetry, photo-
interpretation and field verification procedures. The methodology
used by ARSP differed from other photointerpretation courses because
the material was tailored to the user agency and the area under
-their administration. Prior to the course, a trip was made to St.
George, Utah, to obtain available ima gery and to conduct ground-truth
activities. Exercises were prepared on photo--overlays and questions
and answers were also provided in such a manner that a permanent refer-
ence could be kept for future review.
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CHAPTER 12. UNIVERSITY OF ARIZONA REMOTE SENSING NEWSLETTER

During 1978-1979 the University of Arizona Remote Sensing Newsletter
was distributed by ARSP to more than 900 foreign and U,S, subscribers
representing government agencies, consultant firms, academic institu-
tions, legislators and interested individuals. The mailing list
has increased at an average of 30 suhscribers per issue.

Currently, the Newsletter is being revised to better promote new
ARSP activities and to provide broader exposure to potential user agen-
cies. Specimen copies of the Newsletter nos. 78-2 and 79--1
follow.
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78-2	 OCTOBER 1978

ARSP 1977-78 FY ACTIVITIES

The completed University of Arizona (UA) Applied Re-
mote Sensing Program (ARSP) 1977-78 annual report con-
cluded ARSP's sixth year of operation. Since its inception 25
major projects have been initiated which were designed to fill
the needs and specifications of one or more cooperating agen-
cies. To date 38 agencies have engaged in ARSP projects as
summarized below.

Number	 Percent

Federal 9 24
State 13 34

County 10 26

Local 2 5
Tribal 3 8
Non Profit 1 3
Total 38 100

ARSP began in 1972 with a $50,000 National Aeronautics
and Space Administration (NASA) grant. Currently, the pro-
gram budget is approximately seven times the original gra,:t
amount with 70 percent of the funding coming from sources
other than NASA.

ARSP continues to improve its remote sensing capabilities,
acquiring new equipment and using new state-of-the-art tech-
niques. In fiscal year (FY) 1977-78 two new techniques were
begun at the UA, digital classification and precision processing.
These techniques are discussed in "Computer Processing Capa-
bilities..." in this issue.

Twenty-two remote sensing-related courses are offered
through various UA academic departments. The courses are
coordinated by an interdisciplinary Remote Sensing Commit-
tee composed of faculty from the School of Renewable Natural
Resources; the Departments of Soil and Water Science, Water-
shed Management, Geography, Regional Development and
Urban Planning, Geosciences, Civil Engineering and Engineer-
ing Mechanics, Electrical Engineering, Systems and Industri^'.
Engineering, Atmospheric Sciences, Mining and Geological En-
gineering; the Committee on Optical Sciences; and the Office
of Arid Lands Studies (OALS). More than 300 students were
enrolled in remote sensing courses during the last academe
year.

During FY 1977-78 ARSP staff conducted five workshops,
provided briefings to two federal legislators and numerous
civic organizations. ARSP staff also participated in four send-

nars rind in other professional organization meetings.
ARSP continually seeks cooperative involvement with new

agencies. In FY 1977-78 ARSP staff held potential project dis-
cussions with 24 agencies. Staff provided information and
technical assistance to 25 agencies, furnishing imagery to nine.
During FY 1977-78 the ARSP laboratory welcomed an esti-
mated 480 visitors which included representatives from nine
funding agencies. Approximately 14 percent of the visitors
came from foreign countries.

RECENT PROJECTS

Havasupai Environmental Impact Statement
GALS was asked by the U.S. Bureau of Indian Affairs to

conduct an environmental impact statement for the Havasupai
Indian Tribe in anticipation of developing a 95,300-acre land
use plan. An interdisciplinary team which included members
of OALS staff, Pima College, University of Arizona, Arizona
State University, and private consultant completed the study
November 1977. The final report is being reviewed. ARSP pro-
duced 1:62,500 scale resource maps of soils, landforms and
drainage, slope and vegetation. Another important product of
the study was an ARSP report on the utility of remote sensing
in multidisciplinary studies, i.e., environmental impact state-
ments.

Grand
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COMPUTER PROCESSING CAPABILITIES OF
THE APPLIED REMOTE SENSING PROGRAM

by Robert Schowengerdt l

Basically two kinds of remote sensing computer
processing are used in ARSP. The first is classical
image processing, and the second is multispectral
scene classification, currently a very active remote
sensing research area. Computer image processing is
directed at improving or enhancing the appearance of
information in images, making them easier to inter-
pret. With' computer image processing a digital image
is modified in some way and a new image is produced.
This new image hopefully will facilitate interpretation
by the trained resource analyst. Computer image pro-
cessing applied in this way can be described best as
computer-assisted interpretation of remote sensing
imagery. Multispectral scene classification, on the
other hand, is an attempt to achieve a more auto-
mated analysis of image data. In the broadest sense,
scene classification is intended to replace the photo-
interpretation process conducted by the resource
analyst.

Two recent ARSP projects have used each kind of
computer image processing. One project investigated
the application of remote sensing, particularly geo-
logic structure interpretation of remote sensing imag-
ery, to locate potential groundwater supplies. The
project covered the northeast quadrant of Arizona
and involved standard photo-interpretation of Land-
sat imagery to accentuate geologic structure. This
structure consisted of faulting, lineaments, and frac-
turing. The image processing produced new, enhanced
images which were interpreted by a geologist for geo-
logic structure (Figures 3a, 3b).

Another project for the San Carlos Apache Indian
Tribe used Landsat imagery to map potentially arable
land in certain regions of the reservation. Using super-
vised training, a multispectral scene classification
technique was applied to this program. After resource
analyst inputs during the training stage, all
classification of the entire study area was made, and a
vegetation and soil classification map was produced.
Accuracies of classification for this map were in the
70- to 90-percent range.

Figure 2.
Dr. Schowengerdt describing a Landsat-derived digital classifi-
cation map of potentially arable land produced for the San
Carlos Apache Indian Tribe.

Computer technology cost effectiveness for image
processing is sometimes a hotly contested subject,
The primary advantage that computer processing of-
fers is that it is a completely quantitative approach.
The cost effectiveness of computer processing cannot
be compared directly with that of more standard
techniques because the computer processing offers a
new or additional source of information which would
not have been available otherwise (the northeast Ari-
zona groundwater project as an example). The en-
hanced images, or approximations of these images,
could have been produced by photographic tech-
niques but the quality and diversity of the enhance-
ments would not have approached digital technique
products. Factors other than cost effectiveness should
be considered, i.e., accuracy of research program find-
ings, and the long-term ease of interpreting these find-

I Dr. Schowengerdt received his bachelor's degree'in physics
from the University of Missouri, Rolla, and his doctorate in
optical sciences in 1975 from the UA, Tucson. He did graduate
work in digital image processing and holds a joint appointment
as Assistant Professor of Remote Sensing, with GALS, and the
Department of Systems and Industrial Engineering.
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ings after they have been made part of computerized
data bases. It is believed that as computing costs are
reduced in the future, and as more institutions and
groups become familiar with computer techniques,
the flexibility and quantitative nature of this data pro-
cessing technology will be more widely acceptable.

Use of computer technology in remote sensing
has some shortcomings. One is the initial capital in-
vestment in hardware and software. Wide dissemina-
tion to many researchers of multipurpose software
for general use in remote sensing is just beginning.
Rapidly decreasing Computer hardware costs will soon
lower applied computer processing costs. In addition,
the growth of microprocessor technology certainly
will enhance general use of image processing and auto-
matic classilication.

Several areas will experience considerable applica-

tion of computer-assisted processing and computer
techniques in the future. One area is natural system
modeling to predict crop yields or long-term environ-
mental conditions such as desertification. Computer-
ized data bases, another area receiving considerable
attention in the last few years, are destined to grow
significantly. The Landsat system is, more or less, an
automated mapping sensor. Forthcoming sensors with
greater ground resolution will provide tremendous
amounts of image-form resource data—constituting
the foundation for large, worldwide computer data
bases. Political boundaries, and other environmental
parameters (e.g., topographic or soil maps) can be
digitized and combined in an overlay fashion with
image data, literally creating new dimensions in classi-
fication nnapping and Computer-assisted environmen-
tal planning and monitoring.

Figure 3a.
	 Figure 3b.

Landsat image of Flagstaff, Arizona area (band 5). 	 Spatial structure enhancement of Landsat image. Note im-
proved delineation of detailed features.
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041GIN'Al, PAGER T` W )R



continued from front page

Grand Canyon National Park Vegetation Inventory
The National Parts Service contracted with ARSP in Sep-

tember 1977 to conduct a vegetation inventory of the Grand
Canyon National Park. Inaccessibility to the Park poses a par-
ticular mapping problem. Vegetation discrimination using ter-
rain correlation techniques are being employed to overcome
this problem. The final project product, scheduled for comple-
tion September 1979, will be a 1:62,500 scale vegetation map.

Organ Pipe Cactus National Monument
Vegetation Vascular Flora Survey

This project is funded by the National Park Service for the
period September 1977 co September 1979. The project en-
tails producing an annotated computer-compatible bibliogra-
phy of Organ Pipe Cactus National Monument literature, a
vegetation map and a historical account of vegetation changes.
The flora survey is underway, some vegetation areas have been
delineated, and the bibliography has been completed.

Landsat Imagery Application for the Location of Groundwater
This is an experimental project commissioned and funded

by the U,S. Department of the Interior, Office of Water Re-
search and Technology. The project, now nearly complete, be-
gan October 1977. The primary purpose of the project is to
develop and test computer-enhanced Landsat imageries to lo-
cate groundwater. The Four Corners Region in northeastern
Arizona was selected as the test area.

San Pedro River Wildlife Inventory
The San Pedro River wildlife inventory, commissioned and

funded by the Nature Conservancy, was designed to assess the
riparian habitat of the San Pedro River floodplain in south-
eastern Arizona. The project, begun November 1977, included
an historical analysis of land use changes, and mapped present
land use, vegetation, soils and landforms. The San Pedro River
valley possesses one of the United States' densest bird concen-
trations.

Niger Natural Resource Mapping Project
An OALS remote sensing team visited the Department (pro-

vince) of Zinder, Niger, August 16-31, 1978. The team, which
included David Mouat, ARSP Director, Nancy Ferguson,
OALS Research Associate and Jan Urry, ARSP Research Assis-
tant, traveled extensively visiting all the major tovins and
closely examining the rural landscape. The trip verified land
use, vegetation and soil in connection with producing maps
using Landsat imagery.

Multispectral Scene Classification in the University of Arizona
Department of Soils, Water and Engineering

Donald F. Post and three UA Department of Soils, Water
and Engine ;ring graduate students, Emil Horvath, Walter
Lucas and David Miller' are involved in multispectral scene
classification using Landsat digital tapes.

The methodology employs complex sampling patterns and
sophisticated statistical techniques for analyzing gathered data.
Digital information is combined with conventional photogra-
phy to produc^ map updates quickly. Thus far, a complemen-
tary soil survey of Winkleman, Arizona, has been conducted.

Research is conducted in cooperation with three federal
agencies, the Bureau of Land Management, Safford District,
U.S. Forest Service and the Soil Conservation Service.

'David Miller is now employed by the U.S. Soil Conservation
Service in Colorado.

This Newsletter is made possible through a grant from NASA
Technology Transfer Division and produced by the University
of Arizona, Committee on Remote Sensing. Please address your
news items or comments to the editor:

Arye Topor
Applied Remote Sensing Program

University of Arizona
845 North Park Avenue
Tucson, Arizona 85719

APPLIED REMOTE SENSING PROGRAM
University of Arizona
Office of Arid Lands Studies
845 North Park Avenue
Tucson, Arizona 95719
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The purpose of this newsletter is to inform people interested
in remote sensing in Arizona of University of Arizona Applied
Remote Sensing Program (ARSP) projects. Occasionally
other related items of inter vst may be included. A Grand Can-
yon vegetation mapping project progress report is presented in
this edition as well as discussions of the Arizona Natural
Heritage Program, the first Arizona vegetation classification
workshop, and some upcoming events.

Data supplied by ARSP will be used in wildlife and forest
management, fire control, and public use regulation to protect
resources while maximizing public opportunit y for outdoor
experiences,

ARIZONA NATURAL HERITAGE PROGRAM

VEGETATION INVENTORY OF THE GRAND
CANYON NATIONAL PARK

Mapping vegetation of the Grand Canyon probably is the
most ambitious project undertaken by ARSP. Six ARSP staff
members and three National Park Service employees are
involved. The ARSP team includes David Mouat, program
director; Kim Mortensen, ecologist; Karen Reichhardt,
ecologist; Dean Treadwell, range and wildlife scientist; Jan
Urry, plant ecologist; and Peter Warren, plant ecologist.

The project began in September 1977. ARSP will map
approximately 600,000 acres of the Park during a two-year
period. The large area to be mapped and its inaccessibility
contribute to the uniquenes of the ARSP undcrtaking.

The inaccessibility of certain Park areas poses a particular
mapping problem. Terrain correlation techniques and observa-
tions made from fixed-wing aircraft are being used to over-
come problems of identifying vegetation. Special photographic
techniques being used include hand-held photography and
oblique views of canyon walls. These techniques are being
used in conjunction with color aerial photog raphy and Landsat
imagery, including digital processing.

The National Park Service supports ARSP efforts by pro-
viding funding, field personnel, transportation, fixed-wing
aircraft, and helicopters. Several climate and vegetation zones
are encompassed by the area to be mapped. While the Brown,
Lowe and Pase legend is being adopted, considerable modifi-
cation is necessary to include previously undescribed vegeta-
tion types.

Primary products of this project will be a series of f:62,500-
scale vegetation maps that will coincide with the USGS
15-minute topographic map series.

Mapping proceeds on schedule. To date more than half the
Park has been surveyed. Draft maps are being prepared for
early inspection. The North Rim map has been completed and
the map of the Monument is near final stage.

The Nature Conservancy, a non-profit, national organiza-
tion committed to preserving natural diversity. it has entered
into a two-year $260,000 contract with the State of Arizona to
establish an Arizona Natural Heritage Program through an
intensive inventory to determine the State's most significant
natural areas. Arizona is the 17th state to enter into a contract
with the Conservancy to develop a Natural Heritage Program.

The Program will provide valid information about Arizona's
diverse natural ecosystems, species, landscape features, and
outdoor amenities, and will assure that appropriate methods
are used to evaluate this information and to sound land-
protection priorities. A classification sy ,-tem based on selected
natural elements is the cornerstone of the heritage inventory.
Researchers will catalog the State's vulnerable plant and an-
imal species, plant communities, aquatic types and critical
habitats as well as special geologic features. Number, condi-
tion and location of all significant natural elements then can be
determined. Areas to be considered for preservation are those
where critical natural elements occur.

Applications of the Program's final products include:
1. Helping public and private or ganizations determine areas

of highest natural diversity, those which should receive
high preservation priorities.

2. Creating criteria for moderating or eliminating environ-
mental conflicts by pinpointing areas of concern; and

3. Concentrating biologic information at one site in Arizona
to permit efficient, timely and inexpensive reviews of
environmental impact statements.

The State is applying to the U.S. Department of the Interior
Heritage Conservation and Recreation Service for $130,000 to
pay half the Program cost; Arizona Nature Conservancy has
agreed to raise Arizona's share of $130,000. Hiring Program
personnel will begin once funding is secured.

The Conservancy claims responsibility for preserving
1,276,669 acres of forests, marshes, prairies, mountains and
islands, all homes of rare and endangered wildlife and plant
species. Approximately 60 percent of ail preserves are retained

continued on back pageREPRODUCIBILITY  OF THE
ORIGINTAL PAGE IS POOR
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by the Conservancy and managed by volunteer land stewards.
The Arizona C)apter of The Nature Conservancy has acquired
and manages three preserves: Patagonia, Canelo and Ramsey
Canyon. Other Conservancy projects include involvement in
acquiring Aravaipa Canyon, Phoenix Mountain Park, an ad-
dition to Lake Havasu National Wildlife Refuge, and Thomas
Canyon.

For further information contact the Arizona Nature Conser-
vancy, R0. Box 40326, Tucson, Arizona 857I7.

VEGETATION CLASSIFICATION WORKSHOP

The Arizona Came and Fish Department and ARSP or-
ganized a vegetation classification workshop held on March 2
and 3, 1979, at El Coronado Ranch in the Chiricahua Moun-
tains in southeast Arizona. Primary purpose of the workshop
was to refine the existing Brown, Lowe and Pase vegetation
classification system. Personnel from numerous federal, state
and private agencies attended the workshop.

Specialists in plant ecology, geomorphology, vertebrate
ecology, forestry, land use, conservation, wildlife manage-
ment, and remote sensing discussed their requirements for a
standardized but flexible classification system. In addition,
problems in system application and suggestions for improve-
ment were discussed. A draft map of Grand Canyon National
Park North Rini vegetation compiled by ARSP was presented
to exemplity use of the present system.

A vegetation classification steering committee was or-
ganized at the conclusion of the workshop. With possible
sponsorship by the Arizona-Nevada Academy of Science, the
committee will continue to coordinate efforts to effect a com-
prehensive and current classification system. Such an organi-
zation is believed to be necessary to integrate the needs of
users, to help standardize terms, and to ensure compatibility of
products mapped with the system.

APPLIED REMOTE SENSING PROGRAM
University of Arizona

4

UPCOMING EVENTS OF INTEREST

April 23-27, 1979: "Thirteenth International Symposium
on Remote Sensing of Environment," Anil Arbor,
Michigan.

May 14-25, 1979: "Remote Sensing Techniques and Appli-
cations in Arid Lands," University of Arizona, Tucson.
Principles, techniques and applications of remote sens-
ing will be reviewed. The program is designed for scien-
tists and resource managers concerned with the and envi-
ronment.

June 11-15, 1979: "The Fifth William T. Pecora Memorial
Symposium on Satellite Hydrology," Sioux Falls, South
Dakota.

The University of Arizona Is an Equal Employment opportunity/-
Affirmative Action Employer. In compliance with Title IX
(Educational Amendments of 1972), Tltla VII (Civil Rights Act of
1964), and Section 504 (Rehabilitation Act of 1973), the University
does no' discriminate on the basis of sex, race, creed, color, national
origin, or handicapping condition in Its educational programs or
activities, including admissions and employment. Inquiries concerning
application of Title IX, Title VII, and Section 504 may be referred to
Dr. Jean Ruley Kearns, Assistant Executive Vice President,
Administration 503, phone (602) 626.3081.

This Newsletter is made possible through a gra,it from NASA
Technology Transfer Division and produced by the University
of Arizona, Committee on Remote Sensing. Please address your
news items or comments to the editor:

Arye Topor
Applied Remote Sensing Program

University of Arizona
845 North Park Avenue
Tucson, Arizona 85719

Office of Arid Lands Studies
845 North Park Avenue
Tucson, Arizona 85719
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Introduction

During contract year 1978-1979 ARSP staff, under OALS aegis,
participated in remote sensing activities outside the NASA grant
scope. These activities have important implications in carrying out
ARSP promotional education and technology transfer objectives while
enhancing ARSP staff capabilities and expertise. Such activities
included Landsat application to a natural resource planning project
for the government of Niger (Africa) (Chapter 131 and participation
in remote sensing seminars in the Netherlands and Portugal (Chapter 14).

t
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CHAPTER 13. LANDSAT APPLICA'T'IONS TO SURFACE [STATER AND AGRI-
CULTURAL LANDS LOCATION, REPUBLIC OF NIGER
MINISTRY OF PLANNING

Introduction

EThis project was designed to provide information on'the natural
resources of the Department of Zinder Republic of Niger Ministry of
Planning in response to a request from the Nigerienne government.
The objectives were as follows: to inventory surface water; to moni-
tor land use change around five major towns over an 18-year period;
to inventory current land use; and to map natural vegetation. Overall,
the project demonstrated the value of state-of-the-art remote sensing
techniques and allowed ARSP staff to develop further skills in compu-
ter enhancement techniques. Some Landsat scenes were obtained as
computer compatible tapes, to allow computer enhancement, and the
remaining scenes were standard EROS Data Center photographic
products.

Impacts

The applicability and cost-effectiveness of using Landsat multi--
spectral data was well demonstrated while producing a series of maps
showing surface water, vegetation, agricultural density and change
in land use over an 18--year period for five towns. These mans were
used extensively by the UA Niger Natural Resource Planning Project
to make recommendations on improving livestock production with sup-
porting changes in crop production, natural resources management, small
scale industry and infrastructure. The government of Niger is now
considering implementation of the recommendations.

ARSP staff developed techniques and skills which will be used to
improve current activities in Arizona and to initiate new projects.
One major project being planned where this new knowledge will be
applied is using Landsat to study the process of desertification in
the U.S. Southwest.

Methodology

Two Landsat scenes covered the area of interest in the Department
of Zinder as shown in Figure 6. The total area was 22,300 square
kilometers, or about 3,600,000 pixels.

A constrast stretch of Landsat bands a, 5, and 7 was performed
for about one--fifth of the area and a series of false color photographic
composites was made. These color products revealed considerably more
information about the geomorphology of the area than was interpretable
from unenhanced color composites from the EROS Data Center. In addition,
a black-and-white mosaic base map was made for the entire area at a
scale of 1:390,000 from the contrast--enhanced band 7 prints. she very
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large area (equivalent to nearly a full Landsat scenel and desired
scale required making the mosaic from five segments,

One of the interests of the Department of Zander was .locating
3	 surface water supplies during the dry season, The Landsat imagery was

acquired on January 10, 1976, which is in the middle of the dry
season. A technique to automatically map surface water from the
band 7 data was developed. Tt is essentially a classification pro-
cedure which thresholds the lower grey levels in band 7. Figure 7
depicts the concept with a lake in the area which was used as a
"training" feature. Because water reflectance in band 7 is negligible,
the lake signature appears in the histogram as the peak at very low grey
levels. A computer algorithm was developed which applied a binary
threshold to the image data; pixels whose grey level was below or
equal to the threshold appeared as black a,+d those above the thres-
hold ap fared as white. The result for several thresholds is shown
in Figure 8. At a threshold of three, the lake essentially was com-
pletely mapped; higher grey levels appear to include boundary pixels
and surrounding land. A conservative maximum grey level or three in
band 7,therefore, was used to map surface water throughout t1a area.
This threshold was not high enough to include significantly large
shadowed areas.

When this technique was applied throughout the whole 22,300 kilo-
meters squared region it detected 0.86 kilometers squared of surface
water, about 0,004 percent of the total area. A few pixels were in-
cluded which were actually in shadow and did not represent water; al ,-
though, this could not be verified. This simple automated procedure
using Landsat imagery would be ideal for areas such as Arizona, where
surface water Location is well--known, but where interest may be in
monitoring the total surface area for evaporation estimates.
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CHAPTER 14. REMOTE SENSING SEMINARS IN OTHER COUNTRIES

Introduction

Occasionally, remote sensing courses are taught outside of the
United States by ARSP staff, During contract year 1978-1979, training
sessions were conducted for the International Institute for Aerial
Survey and Earth Sciences CITC) in the Netherlands and for the Govern-
ment of Portugal. The ITC course included several days of lectures on
remote sensing applications to water resources, natural resource
inventories, geomorphology and image processing. Training sessions
at Portugal's Second Seminar on Remote Sensing Applications to Natural
and Cultural Resources emphasized remote sensing applications to water
resource analysis.

Impact

International training courses further several ARSP goals. At
such meetings the staff acquires a current knowledge of the state-of--
the-art techniques in remote sensing and image processing, a point
critical to maintaining a first quality, modern applications facility.
The skills acquired at the sessions, both in preparation for teaching
and in attending other sessions given there, can be applied directly
to uses in Arizona. Furthermore, since the courses frequently involve
the use of state--of-the-art systems as examples, the sessions promote
further and more effective use of data generated by those systems.
Contacts made at the sessions also can lead to ARSP involvement in
projects in which Landsat generated data is the main tool.
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Introduction

Computer enhanced processing capabilities are researched and used
by ARSP. ARSp staff continue to integrate sophisticated computer tech-
nology for Landsat image processing. UA computer processing capabilities
are described in Chapters 15-16.
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CHAPTER 15, SOFTWARE/HARDWARE CAPABILITIES

The University of Arizona now ;-.as a fully integrated Landsat image
processing software system with very diversified capability. A schematic
of Landsat data flow throught this system is shown in Figure 9.
The key elements are as follows.

1. Preprocessing which "cleans-up" the data and reformats it into a
data base form.

2. SADIE image processing, which can perform numerous enhancement
operations for visual dis play or classification. SADIF contains more
than 90 subroutines for image processing in a batch mode,

3. CALSCAN image classification, which performs multivariate, maxi-
mum-likelihood classification in the same manner as the Purdue University
LARSYS program.

One of the most useful hardware facilities is the recently acquired
I 2S Model 70 Color Image Display and Processor by in the UA College of
Engineering. This equipment is available for use by ARSP, Systems En-
gineering and Optical Sciences Departments, and other campus remote
sensing project,, A technical schematic of this hardware and its
interface to a similar facility in the UA Radiology Department is shown
in Figure 10. The Model 70 can display three image channels in color
at a resolution of 512-by-512 pixels, and can operate in an interactive
mode to enhance images by a wide variety of methods and classify three
classes per scene. The laboratory has only been in operation since
March 1979, but already promises to be an unequaled asset to the re-
mote sensing projects.
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Figure 9. UA Landsat data flow.
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CHAPTER 16. DIGITAL DATA BASES

Introduction

One of the most promising tools for remote sensing application in
operational programs are geographically oriented data bases. These
data bases contain several sets of spatially coincident, interrelated
data such as Landsat imagery or digitized aerial photography, topography,
soil/geologic vegetation maps and polit:.cal boundaries such as census
tracts. A simple data base for modeli_.g surface water runoff is shown
in Figure 11.

This type of multidimensional data format permits convenient com-
puter access to any desired subset of the data, it can be displayed on
a CRT in numerous forms such as perspective graphics, coded color maps
or graphs. Thus, the user is relieved of the burden of manually manipu-
lating dissimilar data sets in diverse and inconvenient •cormats, One
can then concentrate on searching for relationships among the data with
the aid of the computer.

ARSP has submitted two proposals which depend on digital data base
from geographic and remote sensing sources. One project, if funded will
attempt to model and predict surface water runoff in urban areas such
as 'Tucson. Another project would correlate land use and other en-
vironmental factors with air quality in urban areas. Both of these
proposed projects have been developed with coordination between ARSP
and local government agencies concerned with these particular problems.
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Code:

F Federal	 C County

S State	 L Local
R Regional	 P Private

Serial Fundings

No, Project Title Cooperating Agencyls Project ^urpose Source of Data BegunSource Code Amount

I. Application of Remote Pima County p lanning NASA F 1. Soil/vegetation survey 1. High altitude repeti- 111172

Sensing to Land Use Department (PCPD) in urbanized areas. tive aircraft imagery

2. Monitor changes In

natural areas due to

urban encroachment.

11. Application of Remote Planning Division NASA F " Analysis of the Pantano 1. Color and B/W 111!72

Sensing to Urban En . City of Tucson Wash, Arizona NASA high alti-

vironmental Plan 1, Determine the drainage tude photography

configuration.

2. Determine the vegeta•
tian and wildlife

habitat.
3. Determine the geologi-

cal and general charac-

teristics.

Ill. Assessment of Potential 1. Cochise County Plan. NASA F 1. Monitor surface water 1. High altitude air- 111172

Irrigation Water Savings ning Department runoff from various craft repetitive

in Critical Groundwater 2. U.S. Soil Conservation types of irrigation imagery

Area of the Douglas Service systems in the Doug.

Basin, Cachise County las Basin.

2. Determine crop types
and retired acreage.

`Nara Grant 1972
	

550,000	 100%

Total FY 72 Fundings	 $50,000 100%
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Applied Remote Sensing Program 	 +I
First Year Projects
(1872)

Economic Benefits

Current Status Final Productfs Impact Direct	 Indirect	 Spin-offs

Completed 1. Maps Strengthened PCPD's argument
2. Report that the Rincon Area should be

left intact. Thus the esthetic
value of the area has been main-
tained. Zoning changes reduced
the residential density.

Completed 1. Maps of: Products of the project were 1. A new position created in the
a. Floodplain, source of used as basis for master plan. Planning Division, Cit y of

runoff Restriction of development in To ,don to extend the mapping
b. Vegetation the If loodplain has saved lives of soils begun in this project.

and property,

Completed 1. Maps No known water conservation $5,000,000
2. Report techniques were applied and as per Year

a result over 25% of the farmers
In the area have gone out of
business since 1972, (Economic
loss is estimated at more than
$5.0 million per year.)



Code:
F Federal	 C County
S State	 L Town-Local
R Regional	 P Private

Serial Fundings

Source Cane AmountNo. Project Title Cooperating Agency/s Project Pt,rpose Source of Data Begun

tV. The Use of SLAR (Side Pima County Planning and Project objectives were 1. Side looking air- 311173
Looking Airborne Radar) Toning Commission, Engi- NASA F " multidisciplinary embrac- borne radar
for Mapping Urban Land nearing Department ing conservation, civil 2, High altitude
Use, Desert Soil and State of Arizona Property engineering, aeronautics, photography
Emergency Landing Sites Evaluation Department, land use and vegetation.

Aeronautics Department,
Game & Fish Department
Federal Govejrhment Na.
tional Park's`ervice

V. Application of Remote Department of Watershed - NASA F To assess management N/A 3/1173
Sensing Techniques to Management, University of alternatives for improved
Assess Wildlife Manage- Arizona; and Arizona water yield in Arizona's
ment Potential and Water Commission (AWC) ponderosa pine water-
Status sheds.

Vi. Development of a Re- U.S. Forest Service, Salt NASA F Examination of watering 1. Low altitude S/W 3/1173
mote Sensing Technology River Project, and the tanks effect on stream photography
to Stud y the Hydrology Water Resources Research flow, water loss from 2. NASA high altituds
of Earth Stock Tanks in Center. University of stock tanks and use of photography
a Semiarid Watershed Arizona (WRRC) water content of stock 3. Satellite imagery—

tanks as indicator of ERS-1
watersheds.

VII. Advance Land Use Plan- Pima County Planning PCPD C $26.i?0 Utilization of innovative t. Composite map- 711174
ning in Pima Count y Department (PCPD) composite mapping tech- ping system (CMS)

r,i ,iues and remote sens- 2. NASA high altitude
ing t. develop a compre- color infrared
hensive ysographically
based resource inventory.

Vil 1. Delineation of Geo- The Arizona State Land NASA F Produce a map which 1. Satellite photog- 311173
thermal Reservoirs in Department, The Depart- delineates areas wherein raphy ERTS-scale
Southern Arizona ment of Guosctence, "eservoirs of geothermal 1:500,000

University of Arizona steam might be expected
to occur.

'NASA Grant FY 1973.74
	

$ 75,000	 74%

Other Fundings
	 26,790	 25%

Total Fundings FY 73-74
	

$101,790	 100%
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Applied Remote Sensing Program

Socrnd Year Prolcrts

1$73.74

Economic Benefits

Current Status Final Productls Impact SpinoffsDirect Indirect

Completed Rt;port of analysis

Completed Report of analysis The p roducts of this study were

used as baseline data for the

OF THEArizona Water Plan, now under-
REPRO

IUBI ,IJ
Legislativegoing review by State

PAGE IS POORCommission reviewing Arizona ORT
groundwater laws.

Completed Report of monitoring The s;.ack tanks provide water Salt River Project nnw utilizing

technique of stock tanks for cattle which graze the federal ground telemetry data to monitor

land on a lease basis. No act'on stream Row.

has been taken to deprive water

to cattle in lieu of increasing
downstream runoff,

Completed Maps (Scale. 1 :31, 6801 The, Toriofila Area Plan largely The County Board of Superviscrs

I. Transportation based on data gathered in this adopted a tend use plan based on

2. Land ownership stud r has been adopted by the the resources maps developed in

3. Slope Pima County Board of Super- this project.

4. Soils visors.

5. Land use
6. Vegetation

7 Ground water recharge

"ones

Completed Map of powntial quo The finding of rleothermal $5,000,000

therrnaifieldsin Seuthern energy would bring the State per year

Arizona of Arizona revenues in excess

Report of $5.0 million per year.



*NASA Grant 1974.75

Other Funding

Total Funding 1974-75

	

$100,000	 75%

	

33,000	 25%

	

$133,000	 100%

•, ^ t
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Code.
F Federal	 C County

S State	 L Town-Local
R Regional	 P Private

Serial Fundings

Source Code AmuuntNo. Project Title Cooperating Agency /s Projert Purpose Source of Data Begun

I X. Mohave County Land Mohave County Planning MCPD C $ 2 ,000 A pilot floodp lain /land 1. Low altitude 3/1/74
Use Planning Department ( MCPD) use delineation was con- imagery, scale

ducted in order to com- 1 :6,000
ply with federal flood in-
surance requirements
and reduce loss of life
and property damage
due to flooding.

X. Tucson International Tucson Airport TAA L $20,000 The project products 1. NASA high altitude 3/1/74
Airport Master Planning Authority iTAAi were used for long-range color and color
Study master plan of Tucson infrared photog-

International Airport. raphy
2_ Landsat imagery

XL Northeast Arizona Oil Arizona Oil and Gras Depart- S $ 1,000 Use of geological forma- 1. Landsat imagery 3/1/74
and Gas Study Conservation Commission merit of Lion to Ioccte potential

Geo- oil and gas fields.

science,

Univer-

sity of
Arizona,
Arizona
Oil and

Gas Con.
servation

Comm.

XI1, Southern Arizona Ri- Arizona State Senate NASA F • 1. Map riparian vegeTa• 1. High altitude color 3/1/74
pariari Habitat: Spatial Natural Resources Com- tion. infrared trans.
Distribution and rnittee. Department of 2. The demonstration of pa,encies, scale
Analysis Watershed Management, remote sensing as an 1 : 125,000

University of Arizona inventory tool. 2. Landsat digital data

XII1. Romolo Sensing Tech- Apache. Graham. Yava- Counties C $10,000 1. Landsat imagery, 311/74
niques Applied to pai, and Yuma Counties, scale 1 :1,000,000
Land Use and Flood Cochise 2. Contact scale B/W
Hazard Mappings 1:120,000

3. High altitude nat-
ural color photo-

graphs

y



Applied Remote Sensing Program
Third Year Proiects
1974.75

EconamI6 Benefits

Direct	 IndirectCurrent Status Final Productls Impact Spin-offs

Completed 1, Maps at scale 1:7, 200 The study recommended dike $403,000
including; channelization for a major wash
a. Soils running through Bullhead City,
b. Geomorphology Arizona. Inaction resulted in flood
c. Vegetation damage to property of more than

d. Hydrology $400,000 in 1977.
L. Land use

Completed Maps (scale 1:25.300): The study recommendation to
a. Landform types construct a new carrier runway
b. Topographic relief has been implemented.
c. Calichecondi*ions
d. Gravel deposits
e. Soil maps

f. Vegetation

nEP ^^UCL^3Ir,_
Completed 1. Preliminary map show . Since this study, one well has ^AU LT POO ZUU

ing the distribution and been drilled and commercially
geometry of folds in attractive uranium has been
the Coforado Plateau. dis,;everad.

2. PALS Bulletin

Comp>letod 1. Delineation of riparian T. The mapping was used in sup-
vegetation port of Arizona's legislation

2. Literature review docu- pertaining to public lands,
menting the multiple protection of water courses
use of riparian vegeia- and riparian environments.
tion.

3. GALS Bulictin

Curnpileted Set of topic reaps 1. Yuma County prohibited sub.
1. Land use division in Gifa River floodplain.
2. Flood hazard aiwas 2. Apache County changed flood-
3. OALS Bidfr[in plain boundaries allowaig areas

for.idditionai urban expansion_

3. Graharn County prohibited
development in fiontf hazard

areas-
4, Cachise County adopted flnnd•

plain ordinance.



Introduction

ARSF has conducted 34 major projects since January 1972. The main
features and benefits from the projects are summarized in the following
pages. Cooperating agencies, funding sources, purpose, data sources,
final products, and direct and indirect benefits are detailed for each
project,
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Cade:
F Federal	 C Ccunty

S State	 L Town-Local
R Regional	 P Private

Serial Funding&

Source Code AmountNo. Project Title Cooperating Agencyls Project Purpose Source of pate Begun

XIV. An Assessment of the Im• Arizona Water Commission SCS F $ 2,950 Determine whether the 1. NASA high altitude 4175
pact of Water Impound- IAWCI and Sail Conserve- water impoundment and aircraft imagery.
ment and Diversion tion Service (SCS) diversion structures are

Sturctures on Vegetation responsible for change

in Southern Arizona in vegetation.

x V. Somata Sensing Analysis National Park Service NPS F $13.000 To assist the Park Service 1. High altitude nal• 1011 m
and Literature Survey (NPSI in making park manage- ural color photog-
Pcrt3ining to the Vegeta• ment decisions. raphy.

tion of the Petrified 2. Medium altitude

Forest National Park 1:24,000 color
aerial photography

3. Satellite imagery

XVI Bureau of Land Manage- Bureau of Land Manage- BLM F $ 3,000 Assist BLM to develop 1. NASA high altitude 211176
ment Rangeland Vegeta- ment BLM Safford District capability in grazing photography
hen Mapping allocation 2. Color photography

3. Satellite imagery,

Landsat and

Skylab

NASA Grant 1975 .76	 $125,000	 87%

Other Funding	 19,950	 13%

Total Funding FY 1975.76	 5143,950	 100%



v.•

Applied Remote Sensing Pragram
Fourth Year Projects

1975.76

Economic Benefits

Direct IndirectCurrent Status Final Productls Impact Spin-offs

Completed 1. Maps 1. A decision was made to re-
2. Report summarizing design impoundment structure

findings. to minimize downstream effect

habitat.	
'4 a

"
 1moroved downstream habitat^^	 6

Will ennan6ewnt4l i fv; d

therefore bring about incised
hunting revenues.

Completed 1. An annotated bibliog. 1. Led to additional commitments $124,000 As a result of the project the
raphy of Park related between ARSP and NPS. Total National Park Service had modi-
literature value $124,000, fied its contract policy. The

2. Report 2 Management Recommendation modification had commercial
3. Generai and detailed not to chemically treat Linde- implications,

vegetation maps sired shrubs saved NIPS $25,000. $ 25,000
4, Management recorn 3. Decision not to eradicate

mendations Tamarisk.

Completed Va}µotation maps 1, Use of remote sensing instead $50,000 BLM had contracted for a $ail
General Iscole 1 250.0001, of traditional mapping tech- survey baseu on aerial
snrcific 0 63.360) n,qLips saved BLM 550,000 photography.

2 Higher forage production and $50,000
subseque,, tincrvased cattle
p roduction w[ll increase 4CO-

,

nomic benrsfit by $50,000.
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Code:
F Federal	 C County

S State	 L Town-Local

R Regional	 P Private

Serial Fundings

Source Code AmountNo, Project Title Cooperating Agencyls Project Purpose	 Source of Data Begun

XVV. Tne Use of Thermal	 Arizona Office of Economic: OEPAO S $ 8,426 Assist the City of Tucson	 Thermal infrared 711/76

Infrared Technology in	 Planning and Development and the State of Arizona	 imagery in negative

Urban Energy Conserva- 	 (OEPAD), City of Tucson, in designing future public 	 and digital tape
tion. Tucson, Arizona	 NASA-Ames Research education campaigns	 formats

Facility, University of related to enargy con-
Arizona

Natural Resources	 .'he Papago Tiibal Utility

servation,

XVII I. PTUA R $20.000 Integration of existing	 1, High altitude ARIS 811(76
a. Tory of the Papal	 Authority WTUA). The NADSAT S 10,000 imagery and resource	 orthophotoquads.

Reservation and, .. a	 Papago Planning Depart- PAG R 17,000 map products to support	 scale 1:24,000
County	 ment Total $47,000 the needs of the 20B	 2. High altitude

Water Oualit y Pianning	 photographs, scale:

Program,	 1 :120,000 U-2

transparencies

3. Landsat imagery

4. Skylab photos

XVIII Natural Resource inven. Papago Tribal Utility PTUA R $ 4,233 Floodplain mapping 4/15f7B
b. tory of the Papago Indian Authority and Pima (Amend)

Reservation and Pima Association of Govern-
County 1 Amendmentf menu

XI X. Subsurface Coal Fire U-S. Environ-nental Pro- vVM S S 4,000 To analyze coal fires	 1. Low and medium 1177
Identification on Black taction Agency (EPA) and through the use of	 altitude over-
Mesa the Department of Water- thermal infrared tech-	 flights, 9x9 color

shed Management, niquesto minimize	 transparencies
University of Arizona personal injury, pollu .	2. Thermal infrared
(WM) tion and property	 imagery

damage.

XX Turnacacori Mission National Park Service NPS F S 1,800 Vegetation map to be	 Black and white 9120176
National Monument INPSI used for planning, man-	 photograph, scale
f lord Inventory agement, interpretation	 1 inch = 20 feet

and research.

1/77XXI A]wrfi:ituftivtrand EcnnornicDevelopmenl NADSAT S $ 6,100 The inforrr-jtt Do- 	 1	 NASA•highalti-
Lnnduso Stucky of the Administration (EDA), tontiai arable fa : ,,, was	 tude natural co#or
(tda River Portion of Sari Carlos Apache Tribe used to establish pri	 photography,
the S;nt Carlos A pache ISCAT), Laboratory of nr	 :es for development	 scale	 1:24,000
lnrtian Reservntion Native Devnlol}merit and of various fielac and

Applied Technology thereby nptirnize util.

Systems Analysis ization of irrigation
(NADSAT), University water.
of Arizona.

*NASA Grant 1976 .77	 $125,000	 64%

Total Other Funding Sources	 71,559	 36%

Total Funding FY 1976-77 	 $196,559	 100%



l

Applied Remote Sensing Program

Fifth Year Projects

1975-77

Economic Benefits

Direct IndirectCurrent Status Final Productls Impact Spin-offs

Completed 1. Thermograms BAN 1. The value of energy saved by Due to the success of the pro•
prints homeowners as direct result of gram, a private firm has been

2. Report of analysis the thermograms, Utilization $10,000 established to monitor heat loss
is estimated at $10,000 a year, $44,000 using remote sensing,

2. Value of insulation added to

roofs $40,000.

Comp leted 1. Overlays of land use in 1. Maps were used to locate Contract given to private con-

standard 15 foot topo- sewage treatment facility, suiting firm (AS ?nternational)
graphic, sheets, blockline- value of ARSP service $40,000 to suggest range improvement
on-my lac assessed at $40,000, methods for a portion of the

2. Procecrnral manual and 2, Maps were used in range devel• $35,000 Papago Reservation.

rtarrprive legend opment planning, amount saved
3. Flooaplain maps of in use of the ma ps was $35,000.

reservation 3. Maps were used in rezoning of

the site selected for an IBM

plant.

Completed

l^S'	
1 1 GORIGINAL

^l,	 ffL

Cr}rripletod Report of analysis of distri- 1. As result of the study, mining

bwicm of surface' hot methods hava been altered to
spots" reduce surface collapse, thus,

pollution and potential per-
sonal hazard have also been

reduced.

Gmruleted 1. Larne scale vugetarinn The Park Service determined to

mall eradicate Tamarisk, an introduced

2	 Rnlinrl c0ntaininq species.
curnrnrrn nanies and

(iesert{)[{on of Species,
nrarr:ulunwro mcnrn-

r ^imdat;on9

Cnrnl,bMbsl M;sps shuwirlq vr'getatian, 1. Tribe is currently ruhablhm6nq $40,000 The San Carlos Apache Tribe
filed use, Itnott hatarrl, 384 acres (estimawd incumr: extended the study to the San

sails and potential arable per year 540,0001. Corms Drainage River Basin.

1drnl,5WIQ1 250,000 2.Apprnx4ttately1,146acresrif $120,000

new land were ruconrrnondud
fnr ilevelupnund Se.-stimotud
irrrorrirr In g ymir $120,0001.

.i



Ccde:
F Federal	 C County
5 State	 Town-Local
R Regional	 P Private

Serial Fundings

Source Code AmountNo. Project Title Cooperating Agencyls Project Purpose Source of Date	 Begun

XXII- Havasupai Environmental Havasupai Indian Tri pe HIT R $77,827 Prepare soil, vegetation, 1. Medium altitude—	 511177
Impact Statement (HIT) landforms and drainage, natural color aerial

and slope maps. The photography, scale:
maps were used as pri• 1:24,000
mary rlata source for the
'EIS team anal ysis of a
recent landuse plan.

XXII I. An Inventory to Deter- San Carlos Apache Tribe SCAT R $14,945 Define areas which have 1. Computer processe	 2/1177
mine Land Use and Po . (SCAT) a potential for agricul- Landsat imagery
tential Agricultural Land tural development. 1 Medium altitude
in the San Carlos River stereoscopic
Drainage Basin Region 1:24,000 color

photography

XXIV. Vegetation Mapping and National Park Service NPS F Enable the Monument 1. Medium altitude	 9120/77
Survey of the Vascular (NPS) 1 year $ 7,000 to make ecologically 1!24,000 natural
Flora of Organ Pipe 2 year 16,500 sound management color photography
National Monument 3 ytfa l V%500 decisions.

Total $40,000

XXV. Vegetation Inventory of National Park Service NPS F Provide the Park de- t. Medium altitude
the Grand Canyon (NPS) 1 year $35,374 tailed baseline infol perspective aerial
Nationat Park 2 year 45,979 tion to 1) make manacle- photography

Total $81,353 ment decisions. 2) mon- 2. Low altitude color
+tor environmental photography	 9/20177
changes- 1 24,000

.3. Landsat images

XXVI. GenlQgic Applications of U.S. Departrnent of In- OWRT F $18,385 Utilize the methad de- 1. Landsat images	 10/1/77
Landsat Images in North twrior Office of Water veloped in tits study hands 5 & 7
eastern Arizona to the Resources & Tochnoiogy to toca y., potential sites scale: 1:250,000
LocaIion of Water Su p, IOWRTI. Ananna Water for drilling water wells. 2. Landsat CCT
phes for Municipal anti Commission
Industrial Use

XXVII. An Invontory etl Wflfllilf, The Nature Conservancy NC P S 4,833 The study will enah 3 - 1. Orthophotoquads	 11/15177
1lahltat Alunq tin Sat INC) the Nature Conservanc y 1 24,000
Pedrn Itivur to select o p timal w-ld . 2 Aerial photographs

life hahitat r1r r!2; fnr 1935, 1 955, 1974,
conservation puruosrs. 1977.

—NASA Grant 197778	 $100,000	 30

Other Sources	 237,343	 70%
Total Funding FY 1977.78 	 S337,343	 100%

;i
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Applied Remote Sensing Program

a	 Sixth Year Projects

'	 f
F

Economic Benefits

Direct IndirectCurrent Status Final Productls Impact Spinoffs

E IS dral t completed and 1, Maps of soils, vegetation, 1. Decision by the Tribe not to de-
currently in public review landform, drainage and velop 200 acres since the anal- $200,000

stage• f ARSP's portion slope, scale-1:24,000 re• ysis showed that development
completed November 15, duced to 1 :62,500 for was not economically viable
1977.1 publication {total savings $200,0001.

2. EIS Report 2. Potential benefit from camp- $ 60,000

sites if constructed 560,000 per year

per year.

Completed 1. Maps showing land use, i. Land on 650 acres is being An agricultural economist was
vegetation, potential recommended for development. contracted to set up a program

agricultural land and 2. Two hundred fifty acres are of development.
flood prone areas being developed in Jojoba. An-

2. Seminars on photo- nual income projected at more $100,000

interpretation than 5100,000 per year, per year

3. Summary report

Project in progress, 1. Vegetation maps, scale 1, Eliminate the need for 5 50,000

phases completed: 1:24,000 thrPcitened and endangered

1. Field work and 2. Annotated bibliography species survey ($50,000 saved).

draft maps. 3. Report 2. Recommendation not to seed $ 20,000

2. Bibliography 4. Workshop range land saved 520,000. R^R
^y

DuCiIBILI'Y OF
 rr

k^].
^r

F
3, Floral inventory

workshop is
3, Location of trails—increased

visitors benefits by $84,000.
5 

B	 ^tx P A P 
r^ 

TO
^F^

scheduled for

October 1979

Project in progress 1	 Vegetation maps of 1. Fire control plan based on the $150,000 A general vegetation map of the

Field work has been scale 1 .62,500, black- study will save the park canyon will be published by the

completed
lines-on.rnylar and $150,000. National Park Service for general

legend 2. Management problems averted $250,000 public consumption.
Draft maps are ex- 2. Paper copies of the by use of data—$250,000.
petted to be finished above maps 3. Conservation of natural re- $800,000
in August 1979 3. Report sources by use of management

plan, estimated value of 0)ese

resources. $000.000.

Completed 1, Report research finding The study could provide the basis

in s6entific journalb for better locaiinn of needed

2. Final report groundwamr in the region.
3. Ariror a Wator Resources

Nvw Bulletin

Complrtc^d 1	 Mans showinq habitat, 1, The maps reduced the surv{!y $ 78.000 1. The Colorado Natural Areas
vegetation, 1,1nd uso, crisis by $78,000, Council will undertake inven

soils, landform% 2. Savinq in luture rosvirch ox. $ 50,000 tors of three riparian areas.

2 Vrthophotoctuads, liunses $50,0011. 2, A project to map Tamarisk
1 24,000 3. I'msorvetl dregs will serve nacre- $1,000,000 has been initiated as a result

3 Summar y report aiiur,,tl neods of Metropolitan nVr y,!ar of this project.

Tucson, estimatedl income pc^r
vettr $r -0 millioct.

FY 1977-78

i
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Source Coda AmountNo. Project Title Coopt:rating Agencyls Project Purpose Source of Data Begun

XXVIII. Wildlife Habitat Map- Arizona Game and Fish AGFD S $ 6,305 To produce a map of 1:24,000 Infrared 716178
ping of the Three-bar Department (AGRD) vegetation types and re- photography
and Tonto Basin Study fated wildlife habitai
Area

I

XXIX. Supplemental Master	 Tucson Airport
I

TAA R 35,000 Documentation and as- 	 1. Enlargement of 8124178
Plan Studies for -	 Authority ( TAA) sessment of environ • 	high altitude co!or
Tucson International	 I mental impacts associated	 photography
Airport with airport improve.	 1:31,000

f	 j mants	 2. Large scale 81W {
I photography

If	 !
I	 !

1:7,200

!
!

!
j

XXX,	 Envirunmentsl Impacts I Albert C. Martin and ACM P 35,000 To assess the impact	 `'	 1, Large scale natura!	 10/15/78
of IBM Development ' associates (ACM) of plant construc•	 color photography
Site, Tucson1 0 i Lion on the natural	 1:6,0110

environment

I

XXXII I. I Analysis of Dust Arzona Department of To identify dust Sou• ces 1. Landsat imagery	 311178
Hazards in Southern Public Safety and along major transports- and digital tapes.
Arizona Transportation uon routes within the

Tucson-Phoenix cor-

I

ridor,^

The project will evolve:	 f

r

Landsat imagery 	 311!78XXIV.	 Landsat Applicanon in Pima County Health Do.
I Mnnilornng Particulate partment. Bureau of Air 1, Construction of land- digital tapes	 i

matter Sources and Quality Control use data base for air
Spatial D,stnhutton (PC HD BAQCI, I	 quality monitoring

Pima Association of 2. Spectral analysis to
Governments Sub . define sources and
committee on Air Quality ` !	 spatial distribution of j

!
1

I( particulate emission

i

• NASA Grant !87879	 5100,000	 57'

Other Sources	 76.305	 43',,

"utal Funding FY 1978 . 79	 $176,305	 100'*'

>S -



Applied Remote Sensing Program
Seventh Year Projects

FY 1978.79

J
'a"

Economic Benefits

Direct IndirectCurrent Status Final Product/s Impact Spin-offs

Preliminary results 1. Map of vegetation types The map product of this pro-
have been presented, and related wildlife ject will provide data for wild-
Maps are due for com- Habitat features life research and management.
pletion in Ser tember 2. Report describing pro- Preliminary results have been
1979 ject methodology and presented in several wildlife

mapping units symposiums and workshops,

All elements of the	 1. Vegetation map scale
study beside the air	 1:500,000
quality section ore	 2. Inventory of plants and

completed	 wildlife
3. Landuse changes

4. Drainageway map

Cvmpieted	 1. Map of vegetation	 Value of native desert vageta- 52,000
association	 tion saved estimated at 52,000.

i
i tL,

0Ft r---

g;pRO tYC^n'
P PLG

IS P00.
J

I
i

I	 ()RIG , AL

^

Hi-volume sampler data	 Dust hazard along major high,
for the study area has	 ways will be alleviated by:
been collected and time	 1, Location of major dust
correlated to deierm • ne	 sources

historic trends	 2. Reduction of amount of

dust generated using sur-
face treatment, landuse

regulatiuns etc.

1. Landuse data base,	 l	 1. The project will assist local up tv 3140
2. Completion repurt.arc quality control agencies 	 i

n then plannm9g and moni- f	 million
tot mg efforts. These efforts 	 f

i	 are mandated by EPA to re-
duce dust pollution to below
health standards. Failure to
do so could result in IDS$ of
an estimated 5140 million in
federal funds to the county

2. Identifying particulate emir- $25,000
s,on sources with Landsat
can save Pima County theIl	
$25,000 cast of another
uiventory.

up t0 $203. By d'rechno mitigation ef'
forts at specific problem millionareas this study could reduce
subst-+ntially the estimated
$20 million cost of paving !
roads, a major source of dust.i

I
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