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PREFACE

The authors acknowledge the significant contributions of Daniel D.
Richard (Office of User Affairs), James V. Zimmerman (Office of
International Affairs), and Barbara E. Williams (on temporary assign-
ment to the Office of User Affairs from IBM through the Presidential
Interchange Executive Program).
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1.0

INTRODUCTION AND SUMMARY

During the past twelve months, NASA conducted a comprehensive analysis of
the potential applications and need for a Landsat-D mission.  All sectors of
the user community, including federal agencies, state, regional and local
governments, and private industry, participated in evaluating the needs for
and benefits to be derived from a continuing Landsat program. In addition,
the commercial suppliers of Landsat-related equipment and services were
asked to address the questions of present and future markets and the possible
effects on projected sales assuming various decisions related to a continuing
program.

NASA's efforts to obtain the views of the public and private sectors were
extensive, and included: (1) contracted surveys and studies of user needs and
evaluations of possible Landsat system characteristics; (2) personal contacts
with users including phone calls, visits, and briefings; (3) confidential Landsat
data and equipment suppliers market survey; (4) presentations at various
symposia; {5) an open briefing concerning Landsat-D possibilities to industrial
suppliers; and (6) the establishment of a Federal Interagency Decision Team
composed of Assistant Secretaries/Administrators of U.S. Departments of the
Interior (USDI), Agriculture (USDA), Commerce (USDC), Army Corps of
Engineers (COE), Agency for International Development (AID), and NASA.
These efforts resulted in formal documentation in the form of reports,
letters, interview notes, and minutes of meetings, which constitute the users’
views of Landsat technology and the value of a continuing program such as
would be provided by the proposed Landsat-D system.

[t was the consensus of all users that the Federal Government has developed a
technology that has the potential to provide widespread societal and eco-
nomic benefits at a time when resource scarcities and management practices
are paramount on the list of growing national concerns. There was also
consensus that the Federal Government should guarantee a Landsat data
source in the future and that the overall benefits to the nation exceed the
cost.

State, regional, and local governments generally stated that the data should
be considered in the same context as census, cartographic, and meteoroiogi-
cal data which are provided to the public as a service by the Federal
Government. Both the National Governors Conference and the National
Conference of State Legislatures resolved that NASA should develop the
Landsat-D system as proposed. The system as proposed by NASA was
considered responsive to state needs. The improved capabilities of the
Thematic Mapper was of utmost importance to land inventory applications,
particularly in the urban setting, enabling the extraction of increasingly
detailed information concerning a greater number of land categories. In
addition, the state users stated that the Federal Government should make a
firm commitment to insure the operational status of the Landsat system and
to develop a systematic and effective technology transier process to include
user assistance and training. It is significant that the states felt it was also
their responsibility to share in the overall costs of developing the technology
transfer process and adopting Landsat as an operational data source.



The private industrial suppliers of Landsat-related equipment and services
projected a $IB-$4B market over the next 10 years for products and services
directly associated with Landsat data reception and analysis, excluding satel-
lite hardware. It was pointed out that the corporate taxes alone on the
profits generated through these sales may help to repay a portion of the
governmernt's cost for Landsat-D. Some of the larger companies have already
invested a few million dollars in market development. All of the companies
are reluctant to more aggressively pursue the market because of the risk
caused by the uncertainty of a continuous data source. This "uncertainty" has
contributed to fragmenting the marketplace. Users need assurance of a
continuous data source before they will make financial commitments;
industry wants to reduce its risk and to have a growth market before it will
make front-end investments. The industrial suppliers further stated that a
decision now by the Federal Government to provide a data source only
through 1983 would moderately reduce their projected market, and that a
three year disruption in the source of data (1980-1983) would reduce their
sales by 70-90%.

The private users in the mineral and petroleum industries unanimously agreed
that Landsat-D would greatly increase their efficiency in locating valuable
new deposits and would significantly reduce their costs for geological and
geophysical exploration. It was further concluded that the benefits to the
petroleum and mineral industries most probably will be in the multi-millions
of dollars per year. It is apparent, however, that these benefits will be more
quantitatively determined as their research continues through the Landsat-C
time period. The timber industry identified some potential benefits in forest
inventory and overall resource management, but generally felt that more
research and development was needed before they would commit to the
operational use of Landsat data. The greater resolution provided by the
Thematic Mapper is a must for both the timber industry and the mineral and
petroleum industries. The increased spectral sensitivity and coverage of the
Thematic Mapper was also considered critical in order to accurately
discriminate timber species, some rock types, and surface artifacts. A re-
petitive and systematic information data base was a major requirement.

The federal user community's views were expressed through the Interagency
Decision Team (IDT). The IDT strongly supported Landsat-D to provide
sufficient time to conduct a test to determine its operational utility and
system effectiveness., Federal agencies are already expending considerable
effort to experiment with the use of Landsat data to better conduct their
missions, and some have entered into demonstration and transfer projects to
develop sufficient information to warrant a go/no go decision to adopt
Landsat remote sensing technology operationally. The IDT recommended in a
signed statement that NASA be given approval in its FY 1978 budget to
develop the Landsat-D system as proposed.

In summary, the user communities identified in this report strongly support a
Landsat-D system. They conclude that the Federal Government has already
demonstrated the potential benefits to both public and private sectors from



the use of Landsat data and has stimulated enthusiasm throughout the world
for what Landsat can provide in the future. Even U.S. foreign relations have
benefited from Landsat as is evidenced by AID's active involvement in
Landsat technology. International lending institutions use Landsat routinely
to assist base mapping, resource development, and construction efforts. With
this background and the strong support for Landsat-D as evidenced by letters
and reports from all sectors of the user community, it is NASA's conclusion
that overwhelming user support exists for the Landsat-D program in the FY

1978 budget.

The remainder of this summary report provides a synopsis of the opinions of
the major user communities: (a) federal, (b) state, regional and local, and
(c) private industry, relative to the need for, and value of an improved
Landsat-D system. Each of these user groups is summarized by sector in
terms of its demand for Landsat data, present and potential applications,
need for and impact of an improved satellite capability represented by
Landsat-D, and a general evaluation of the benefits accrued to each group as
a result of Landsat use. The interests of these three user sectors is also
presented on a multisector/application basis in a brief summary of the studies
performed by the Application Survey Groups (ASG's) and the survey
completed by the Battelle Columbus Laboratories. In addition, a brief
discussion concerning the rapidly growing interest and use of Landsat in
foreign nations is provided.

The summary report is followed by a detailed Reference Section of Landsat
Users. This section contains the various letters, resolutions and other
statements made by user organizations in expression of their opinion
concerning the Landsat program. References in the summary report, e.g.,
Letter II-C (9-1), refer to individual user statements contained in the
reference document. To avoid confusion, it is also important to emphasize
that any underlining of quoted statements is that of the individual quoted and
not the author of this document. )




2.0 FEDERAL USERS

One of the most important user elements in the Landsat earth resources
satellite program is the federal sector. Aside from the acquisition of satel-
lite data, which has been the responsibility of NASA and the U.S. Geological
Survey, up to this point, executive agencies are extremely interested in
Landsat data to serve their own information needs and to provide data to
their constituencies.

In order to cooperatively identify and resolve issues relating to the develop-
ment of future earth resources satellites, an Interagency Decision Team (IDT)
was established consisting of NASA, the Departments of Agriculture,
Commerce and the Interior, the Corps of Engineers and the Agency for Inter-
national Development. Each agency was represented at the Administrator or
Assistant Secretary level. To suppert the IDT, a technical level Working
Group was also formed. The IDT served on this basis to obtain and formally
reference federal requirements for Landsat-D and to evaluate Landsat-D
characteristics.

The main purpose of the IDT was to consider the evolutionary direction of the
earth resources satellite program and to recommend the next step to be
taken. The IDT felt that by the end of the useful life of Landsat-C (about
1980), sufficient demonstration and verification of Landsat-derived benefits
would have accrued to warrant a test of an operational system. While none of
the agencies are currently ready to commit to operational use of Landsat
data, there was consensus that the government should conduct a three-to-six
year validation test of a system which would have the major elements
anticipated for any fully operational capability of the future.

The IDT addressed three major issues in considering its recommendations for
the earth resources satellite program after Landsat-C:

{1) Federal User Agency Requirements for Landsat Data - Each agency was
asked to identify its current and future needs for satellite data.

(2) Technical Characteristics - The IDT Working Group and the IDT re-
viewed alternative proposals for satellites, sensors, and ground systems
which would best meet those needs identified.

(3) Policy Considerations - Most of the IDT's work addressed the roles and
responsibilities of the respective agencies in the program and other
policy questions such as the pricing structure for the data and
opportunities for commercial involvement in the data processing sys-
tem.

The positions of the IDT-member agencies are summarized below. This
material summarizes the discussion and documentation which was incor-
porated in the minutes of the IDT and IDT Working Group meetings.



2.1

2.2

Agency for International Development - AID carries out the U.S.
foreign aid program and, in recent years, has placed heavy emphasis on
providing scientific and technical assistance to its client countries. Be-
cause of the growing international interest in the Landsat program, AID
strongly supports its continuation and expansion. AID's main concern,
as expressed in the IDT, is that any future Landsat systems be com-
patible with the current one so that those foreign nations who are
building or operating ground stations will not be forced to invest a
major amount of additional funds. Accordingly, AID supported the
continued use of a Landsat-C-type Multispectral Scanner and an as-
sociated telemetry and data handling system. AID is also concerned
that there is continuity of these data so that foreign ground stations
continue to receive revenues. The Administrator of AID urged that an
early decision be made on the commitment to an operational program so
that foreign nations can rely on long term availability of Landsat data.
AID does desire the higher resolution Thematic Mapper data to evaluate
its utility for mapping agricultural assessments and other uses.

Department of Agriculture The USDA is potentially the most important
federal user of Landsat data because of the possible economic benefits
to the nation from improved information on global agriculture. The
results of the Large Area Crop Inventory Experiment (LACIE) have
indicated that crop forecasting based on satellite data could be a
cost/effective method for obtaining worldwide agricultural information.
USDA reported to the IDT that it had identified approximately 250
departmental information requirements for Landsat data for both the
current and proposed sensors. While existing Landsat data is adequate
for wheat inventories in North America and the USSR, improved
resolution is needed for fields in India, China, and other countries and to
measure other major crops. In addition to crop forecasting, the Forest
Service, Agricultural Research Service (Letter IA), Statistical
Reporting Service and Soil Conservation Service are all using Landsat
data and want to experiment with the Thematic Mapper.

For many applications, USDA would find useful to have a nine day
coverage capability (2 satellites in orbit) to increase the likelihood of
obtaining cloud free data. However, this was not identified as a critical
requirement particularly if the 18-day coverage requirement is met.

USDA is very concerned about continuity of Landsat data. It is possible
that a satellite-based global wheat inventory system could be operating
by 1980. Investment in such a system would only be approved if there
was reasonable certainty of continuous data availability.

USDA also specified a need for improvements in the ground data hand-
ling facilities so that digital or photographic products. are provided
within five days of acquisition. USDA's own data distribution facility at
Salt Lake City would continue to provide Landsat data products to the
public.



2.3

2.4

2.5

Department of Commerce - The National Oceanic and Atmospheric

Administration (NOAA) will continue to use Landsat data primarily as a
research tool. NOAA is interested in using Landsat for studies of
coastal processes and shoreline measurements, flood assessments,
environmental effects of petroleum and mineral exploration in the outer
continental shelf and for snow cover estimations. In addition, the
Census Bureau is very interested in using satellite imagery to delineate
urban boundaries as an aid to its census surveys. The Census Bureau
believes that the 30-meter resolution Thematic Mapper data will
greatly contribute to this capability.

U.S. Army Corps of Engineers -~ The Corps plans to continue its ex-

tensive use of Landsat data and feels that the increased spatial and
spectral resolution of the Thematic Mapper will better serve its needs
than the current Multispectral Scanner. The Corps is considering the
possibility of having its own digital processing system to take Landsat
data directly from the acquisition facility and process it into useful
products.

The Corps plans to use Landsat data increasingly as a decision making
tool; it will establish regional service bureaus to assist local districts.
Among the applications cited by the Corps are:

0 Hydrology
Surface water and snowmelt/runoff estimation
Environmental Assessments
Flood plain and inundation assessment

0 Construction
Geological studies
Cultural features
Soil Surveys

o Coastal Studies .
Bottom features near harbors and inlets
Sediment transport

o Regulatory function
Wetlands monitoring

Department of the Interior - The Department of the Interior has a
major interest in Landsat because of its vast resource management
responsibilities. Interior has been evaluating Landsat's utility for strip
mine monitoring, wildlife habitat monitoring (Letter IB), rangeland
assessrnents, land use planning and for environmental baseline assess-
ments for energy development. Interior strongly favors continued use
of the Multispectral Scanner for most of these studies at least until the
Thematic Mapper is completely proven.




The Department of the Interior has been especialiy concerned about its
continued responsibility for data dissemination to the public; this
includes reproduction, archiving, and distribution of the data, along with
training and assistance for the users. The IDT worked out solutions to a
number of problems associated with the increased data load from the
Thematic Mapper on Interior's Sioux Falls facility.

Interior supports the view, adopted by the IDT, that long term operating
costs of the Landsat program must be ofiset by revenues from data
sales. This will necessitate a substantial increase in data prices. The
IDT also agreed that opportunities for commercialization of the data
distribution Zfunction should be explored so that, if appropriate,
government could move out of this area and let private industry develop
it.

Aside from the IDT-member organizations, several federal agencies
have used or plan to use Landsat data for a variety of purposes. The
Defense Mapping Agency has already used Landsat imagery to update
hydrographic charts and is extremely interested in the additional spec-
tral bands of the Thematic Mapper which will aid in shallow water
bathymetry. The Environmental Protection Agency has experimented
with remote sensing for various environmental monitoring tasks. Ac-
cording to an EPA news release (76-24), "multispectral scanning is now
regarded as a technique offering great potential for lake nutrient
surveillance." EPA also wants to experiment with Thematic Mapper
data for monitoring ocean dumping and other sources of pollution.

Other agencies who may use Landsat are the Federal Highway Ad-
ministration, for engineering geology; the Energy Research and De-
velopment Administration, for geologic studies, mineral exploration and
thermal effluent monitoring; the Department of Justice, for sur-
veillance of illegally grown drugs; and the Tennessee Valley Authority,
for general land use and hydrologic studies.



3.0 STATE, REGIONAL AND LOCAL USERS

3.1

Approach

There were three major activities directed toward identifying and
evaluating the present and potential applications and benefits, as well
as the need for an improved Landsat-D program in the state, regional
and local user community. They consisted of the following:

o] Evaluation by the National Conference of State Legislatures
(NCSL) of the value of an improved Landsat program in satisfying
the legislative and programmatic information requirements of
state government.

o Evaluation of the perceived value of the present and proposed
Landsat program to state needs through personal contact with
resource mangers in numerous user organizations including multi-
state regional groups, individual states and substate entities such
as regional, county and city governments.

o Evaluation by Washington University of the required capabilities
of Landsat-D to meet state data needs which could possibly not be
met by the Landsat I and 1I capabilities.

These activities were designed to obtain a factual assessment from the users'
perspective. This section summarizes the results of this assessment on the
basis of the following: (a) states' data demand; (b) key Landsat experience
and applications; {c).need for and impact of improved capabilities; and
(d) benefits derived from the use of Landsat data by the states.

3.2

Data Demand o
In recent years, both state and federal legislation have increased the
authority and responsibility of state governments for management of
natural resources and land use. In many areas, states are taking the
initiative in developing an active role by the creation of policy and
programs for land, environmental and resource management. The
aggregate results of the legislative trends is significant in that it places
the prime responsibility for decision-making relative to the nation's
environment, natural resources and land planning squarely on the states
(see for example the list of current and pending legislation in Tables 3-1
and 3-2).

To successfully execute these responsibilities, states require
increasingly large and diversified quantities of data on a recurring basis.
Presently available information does not satisfy these growing needs
and conventional data collection techniques are often too costly (see
Letters.1I-C (17-2) and 1I-B (1)).
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TABLE 3-1
LEGLSLATIVE AND PROGRAMMATLIC IMPETUS

FEDERAL LEGISLATION/PROGRAMS (FUNDING $ MILLIONS)
/77 e IUD 701 COMPREHENSIVE PLANNING ASSISTANCE PROGRAM - 1968 we—w-r —~~— 175 (TY 75 & 76)

EPA 203 AREAWIDE PLANNING AND WASTE TREATMENT — 1972 _—— 203 (")
COASTAL ZONE MAMAGEMENT (CZM) ACT ~ 1972 ———un - _———38 (")
LAND AND WATER CONSERVATION ACT - 1965 wmmm—mi—mme—— ———— 176 (FY 76)
PUBLIC WORKS AND ECONOMIC DEVELOPMENT ACT - 1965 - 120 ( ")
APPALACHTIAN REGIONAL DEVELOPMENT ACT = 1965 mevcm e s s i e — e 200 { ")
WATER POLLUTION CONTROL ACT - 1972 - 65 ( ")
WATER RESOURCES PLANNING ACT {ESTABLISIMENT OF RIVER BASIN COMMISSION) - 1965

NATIOWAL ENVIRONMENTAL POLICY ACT (NEPA) - 1969

HUD FLOOD INSURANGE PROGRAM — 1968

FOREST AND RANGELAND RENEWABLE RESOURCES PLANNING ACT ~ 1974

ASSISTANGE FUND TFOR COASTAL IMPACT OF OIL AND GAS DEVELOPMENT IN OUTER CONTINENTAL SHELT - 1976
NATIONAL DAM INSPECTION PROGRAM - 1972

SOLID WASTE UTILIZATION AND MANAGEMENT ACT - 1976

CLEAN AIR ACT -~ 1970

RURAL DEVELOPMENT ACT - 1972

WATER RESOURCES DEVELOPMENT ACT -~ 1974

STATE LEGISLATION/PROGRAMS
e LAND USE AND ENVIRONMENT RELATED
~ COMPREHENSIVE LAND USE PLANNING (21 STATES--e.g, OREGON LAND CONSERVATION AND DEVELOPMENT ACT)
COASTAL ZONE MANAGEMENT (15 STATES—-e,g., CALIFORNIA CCASTAL ZONE CONSERVATION ACT)
SURFACE MINING (32 STATES-—e.g., NEW YORK STATE MINED LAND RECLAMATION ACT)
CRITICAL AREAS DESIGNATION (10 STATES--e,g,, MINMESOTA CRITICAL AREAS ACT)
POWER PLANT SITING (29 STATES--e.g., MARYLAND POWER PLANT SITING ACT)

» RESOURCE MANAGEMENT
- FORESTRY \“‘~\\\5
- WATER RESOURCES LONG STANDING STATE LEGISLATION
~ AGRICULTURE ,/”//,
- FISH AND WILDLIFE

I
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TABLE 3-2

PENDING FEDERAL LEGISLATION

ENERGY FACILITIES PLANNING AND DEVELOPMENT ACT

LAND RESOURCES PLANNING ASSISTANT ACT

LAND USE AND RESOURCE CONSERVATION ACT

STATE AND LOCAL GOVERNMENT FISCAL ASSISTANCE RENEWAL
NATIONAL FOREST MANAGEMENT ACT

FEDERAL COAL LEASING AMENDMENTS ACT

CLEAN AIR ACT AMENDMENTS

AMENDMENT OF COASTAL ZONE MANAGEMENT ACT TO STUDY IMPACT OF ENERGY
RESOURCE DEVELOPMENT

SURFACE MINING CONTROL AND RECLAMATION

OUTER CONTINENTAL SHELF LAND ACT AMENDMENTS AND MANAGEMENT ACT
SOLID WASTE DISPOSAL ACT AMENDMENTS

SOLID WASTE ENERGY AND RESOURCE RECOVERY ACT

WATER POLLUTION CONTROL ACT AMENDMENTS



3.3

It is the judgement of state resource managers that Landsat is an im-
portant tool in satisfying this new and heavy data demand, and in many
cases, is uniquely capable to obtain the data coverage required to carry
out the intent of the legislation. This judgement is reflected in the
following statement in the NCSL Final Report, identifying a prime
legislative use of remote sensing (Landsat} as:

" - - - a means of collecting data for programs whose data
requirements have gone unmet due to accessibility, cost or time
constraints.”

This capability of Landsat in meeting current user needs is also
emphasized in the following statement made by Mr. Ted Haines from
the Southwestern Illinois Regional Planning Commission during the
NCSL Task Force Hearings on Landsat:

"Landsat is the only method which is timely, inexpensive and
fulfills the federal requirements which now confront {the regional
planning commissions)"

Key Landsat Experience

The public sector considers Landsat as an important new technology
that is presently, and will continue to make significant contributions to
the information base required to satisfy legislation and improved
resource management goals. This consensus is based on nearly four
years of involvement by a variety of state, regional and local
government agencies in the research and development, and application
of Landsat derived information to their program requirements. As a
result of this experience, these users believe that Landsat provides a
necessary tool to address present and future problems in a cost
effective, comprehensive, timely and accurate mannet- see Letters II-C
(12-1), I-C (17-2) and 1I-B (1)

The most important and widespread Landsat application was found to be
the generation of land cover inventory data which are integrated and
combined with supplemental information such as economic,
demographic and ownership data to develop a geobased resource
information system. The use of Landsat data as a compatible and easily
updated component of an information system and as an input to
computer modeling was found to be a rapidly developing tool for
resources management and land use planning. Most of these developing
uses are based upon the increasing information needs of legislation, the
lack of existing data and the high costs and limitations of conventional
techniques. As an example, North Dakota is developing the Regional
Environmental Assessment Program (REAP) in response to a legislative
mandate to provide an environmental baseline against which to measure
the impact of increased coal mining in the state. The following
statements by Dr. A. William Johnson, Director of REAP typifies much
of the present and future directions and activities in state resource
management (Letter I-C {14-1)). -

i



"Within the last two months the North Dakota Regional Environ-
mental Assessment Program has made a major financial and
programmatic commitment for the long-term utilization of
LANDSAT information as a cornerstone of our geobased statewide
environmental assessment system. "

"Specifically, we now have in force $1.2million worth of
contracts with a variety of organizations for the acquisition and
gathering together of baseline data in the general subject areas of
air quality-meteorology, animals, geology, historic-archaeologic-
paleontologic sites, land cover analysis, social impact, socio-
economic impact, soils, vegetation, and water. One of these
contracts, totaling approximately $140,000 is for a complete land
cover analysis of the State of North Dakota using 1974 and 1975
LANDSAT imagery."

The states of Texas, South Dakota, Georgia and Ohio are several
additional examples of states which are using Landsat as a key source
for information system development.

Nearly all the state users define the basic value of Landsat as its capa-
bility to view and inventory surface cover on a recurring basis. This
land cover information is being utilized in nine basic program areas.
These nine program areas are delineated below along with examples of
Landsat applications and some using organizations as references.

Land Use Planning, Management and Development

o Inventory of statewide and regional land cover and
monitoring of change

- North Dakota Regional Environmental Assessment
Program (REAP) - Letter 1I-C (14-1)

- South Dakota Planning Bureau - Letter H-C (17-2) -
Ohio Environmental Protection Agency and Depart-
r(nent) of Natural Resources - Letter II-C {15-2) and
15-3

o Site and route selection
- Tennessee Valley Authority - Letter II-B (3)
- North Dakota REAP (in concert with Basin Electric
Power cooperative) - Letter II-C (14-1)
o] Monitoring of urban land use and of urban fringe growth
- Los Angeles County Department of Regional Planning
- Letter II-D {4-1)

- Ada County Government, Idaho (emphasis on vacant
lands) - Letter 1I-B (2)

12



Development of multidisciplinary data base for land
capability/suitability analysis

- Hawaii Department of Planning and Economic Devel-
opment - Letter II-C (8-2) - Tennessee Valley
Authority - Letter II-B (3) :

(2)  Critical Areas Management

o

Delimitation of saltwater and freshwater species of plant
life for wetlands identification '

- Georgia Bureau of Planning and Budget, and Depart-
ment of Natural Resources - Letter 1I-C (7-1)

~.  Louisiana Department of Highways - Letter II-C (11-2)
from Louisiana Executive Department

Coastal zone management to include inventory of coastal
resources, potential land uses, change monitoring and
identification of endangered environments

- Texas General Land Office - presentation at NCSL
hearing on Landsat

- Georgia Department of Natural Resources - Letter II-
C(7-2)

Detection of erosion of coastal areas, littoral current flows,
saltwater intrusion

- Louisiana Water Resources Research Institute - Letter
I-C (11-7)
- Alabama Geological Survey - Report I-C (1-3)

(3) Environmental Monitoring

o

Delimitation of land cover and identification of non-point
sources of potential pollution for the Environmental
Protection Agency Section 208-Areawide Waste Treatment
Program

- GChio Department of Environmental Protection - Letter
II-C (15-2)

- Georgia Water Protection Division, Department of
Natural Resources - Letter II-C (7-2)

- Ohio-Kentucky-Ildaho (OKI) Regional Council of
Governments {see page 53 - Final NCSL Report on
State Use of Satellite Remote Sensing, August 25,
1976.

13
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o Monitoring of environmental impacts of development, e.g.,
increased water sediment load -

- Georgia Department of Natural Resources - Letter II-
C (7-2)

o. Evidence in legal suit to protect natural environment and
water supply

- Florida Office of the Attorney General - Letter II-C
(6-1)

0 Selection of sanitory land{ill sites for solid waste disposal

- Georgia Land Protection Division, Department of
Natural Resources - Letter Ii-C (7-2)

0 Land reclamation from various disruptive uses

- Maryland Geological Survey, Department of Natural
Resources - Letter I~C (12-2)

o Monitoring of construction and operation of deepwater port
and related onshore facilities to determine impact of
pipeline construction and operation, e.g., saltwater
intrusion, sheet flow interruption, subsidence and turbidity

- Louisiana Offshore Terminal Authority - Letter II-C
(11-%)

Energy Related Programs

o Inventory of strip mined lands

- Maryland Geological Survey, Department of Natural
Resources - Letter 1I-C (12-2)
Missouri Geological Survey, Department of Natural
Resources - Letter II-C (13-1)

0 Geologic mapping to include tectonic boundaries, lithologic
contacts, foliation trends, topographic lineaments and faults

- Alabama Geological Survey - Letter 1I-C (1-3)

- Georgia Department of Natural Resources - Letter [I-
C (7-2)

1



(5)

o

Broaden effectiveness of mineral exploration

- Missouri Department of Natura! Resources - Letter II-
C(13-1)

Water Resources Management

0

Detection and mapping of surface water and-impoundments

- Texas Water Rights Commission - Letter II-C (19-1)

- Wisconsin Department of Natural Resources - Letter
n-C (23-1)

Flood plain mapping and flooded area assessment

- North Dakota Water Commission (visit with Mr. LeRoy
Klaphrocht, Water Commission)

- Louisiana State Planning Office - Letter II-C (11-3)

Monitoring of irrigated lands and assessment of water needs

- Idaho Department of Water Resources - Letter II-C (9-

1)

- Oregon Department of Water Resources - Letter 1I-C
(16-D

Interpretation of groundwater hydrology

- Alabama Geological Survey - Letter 1I-C (1-5)

- Georgia Department of Natural Resources - Letter II-
C (7-2)

Mapping of vegetation habitats for purposes of watershed
protection and flood prevention

- Georgia Department of Natural Resources - Letter II-
C(7-2)

River and drainage basin inventories

- Missouri Department of Conservation - Letter I-C

- Sgr_tl}z Dakota Water Commission (visit with LeRoy
Klaphrocht Water Commission)

Analysis of lake eutrophication trends

- Wisconsin Department of Natural Resources - Letter
II-C (23-1)
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(6) Forestry Management

o Inventory of forest reserves, estimate of timber production,
detection of diseased stands, and monitoring of forest
practices

- Washington. State Department of Natural Resources -
Letter II-B (2}
- Alabama Development Office - Letter I-C {1-3)

(7) Fish and Wildlife

0 Determination of suitable lands for wildlife habitat
assessment

- E)regon Department of Fish and Wildlife - Letter II-B
2)

- Texas Parks and Wildlife {(visit with Sam McCullough,
Texas Natural Resources Information System)

(8)  Agricultural Monitoring

o Monitoring location and spread of infestation
- Oregon Department of Agriculture - Letter 1I-B (2}
o Generalized soil association mapping, salinity detection
- Missouri Department of Natural Resources - Letter II-
C(13-1)
- Kern County Water Agency, California - Letter II-D
(3-1)
o Soils/land capability mapping for tax assessment
- South Dakota State Planning Bureau with Remote
Sensing Institute of South Dakota (visit with
Paul Tessar, South Dakota State Planning Bureau)

(9) Transportation Facilities Planning

o Delineation of lineaments and faults for geologic
substructure evaluation and sinkhole detection

- Florida Department of Transportation - Letter II-C (6-
13)
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3.4

0 Evaluation of water blockage resulting from highway
construction leading to removal of impediments to free
water exchange

. - Louisiana Department of Highways - Letter II-C (11-5)
- Florida Department of Transportation - Letter II-C
(6-13)

0 Provision of up-to-date indicators of land use changes

- Florida Department of Transportation - Letter II-C (6-
13)

Need For and Impact Of Improved Capability

In assessing the need for improved capabilities such as those represented by
Landsat-D, the state user community evaluated three different aspects of the
Landsat program: (1) data distribution system; (2} technology transfer
activities; and (3) the technical system performance characteristics of the
Landsat system. In performing this analysis, the users emphasized that from
a "real world" users' point of view the Landsat program must be evaluated in
its effectiveness as a total system from data acquisition to the development
of a useful product.

3.%.1 Data Distribution and Project Development System

There were three basic improvement areas identified relating to data
distribution and product development. The first and the one most often
identified was the need for a commitment by the Federal Government
to insure Landsat data continuity. The using state agencies have
strictly operational characteristics and feel that they must be assured
of the availability of data if they are to make significant investments
and program adjustments to rely on Landsat as a continuing data source.
This need is reflected by the following statement from the Southern
Growth Policies Board ~ Letter II-B(l):

"A commitment to data continuity represented by the Landsat
Follow-on program would encourage resource managers and user
agencies in the member states of the SGPB to have confidence in
the duration of the Landsat program and result in an increased
conversion to and use of Landsat data to meet their legislative
and programmatic needs."”

The need for data continuity was also one of the prime conclusions of
the Landsat program evaluation by the National Conference of State
Legislatures (NCSL) as stated in the following recommendation from
the NCSL Final Report:
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"Congress should make a firm commitment to insure the
operational status of the satellite-based data system. This
commitment is necessary for states to be able to invest in the
technology transfer steps necessary for statewide 'operational use'
of this system. It would also assure the building of a continuous
data base for monitoring and change detection purposes. "

"The states should take the responsibility of providing some form
of support for this system."

It was continually emphasized by all the users contacted that the states
will not make a significant investment in equipment and services unless
they are assured that a continuous data source will be available.

The second improvement area was the need for increased data time-
liness and ease of access and availability. There needs to be more
emphasis on improved and systematic communication to state users
describing the quality as well as format of available Landsat data and
the procedures necessary to obtain it. For example, a critical piece of
information (presently unavailable) for the user purchasing Landsat data
is the location of cloud cover within a Landsat scene in addition to the
percent of the total frame it covers. The user needs to know whether
or not his area of interest is cloud-free before he makes a decision to
purchase Landsat data.

The users also felt that the present time duration from data acquisition
to receipt of data is excessive and intolerable for many applications,
especially disaster monitoring. If a using organization is dependent on
Landsat data for a regulatory monijtoring function, it requires the most
timely transmittal of information possible to implement corrective
action.

The third area of improvement identified is the need for development of !
low cost techniques, equipments and standardized final products for
state use. If additional emphasis was placed on low-~cost development,
an increased breadth of users would be able to utilize Landsat. It is the l\
users' opinion that the aggregation of the benefits resulting from the
additional use of Landsat by these "low budget" organizations would be
significant. The NCSL Final Report emphasized the need for further
development of the low-cost approach in its final recommendations as
follows:

"Both the private sector and universities should be encouraged to
attempt development of effective inexpensive data products for
state use. However, (federal) funding for the research and
development of such products should be funneled through the
states to insure the development of products most useful to state
needs, "
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3.4.2 Technology Transfer-

There is a unanimous feeling among state users that a strong federal
commitment to a systematic and on-going technology transfer process
is crucial to enhance market development and to increase the use of
Landsat data among the states. Presently, it is felt that the federal
efforts to assist states to use Landsat data and to train them in the
operational applications are too meager. States also voiced their
concern about the credibility of private industry to provide user
assistance. It was felt that presently the majority of states lack the
technical expertise needed to evaluate the capabilities of private
industry and effectively monitor a contracted effort. The state users
identified the creation of .regional user assistance programs,
comprehensive training activities and widely distributed documentation
concerning lLandsat applications, available equipment, software and
developed procedures as the key elements of the needed technology
transfer effort.

It was pointed out by many users that an increased emphasis on tech-
nology transfer will result in a more knowledgeable community of users
who, in turn, would have much greater probability of effectively
demonstrating to state policy makers the value and benefits of
incorporating Landsat into operational state programs. Without the
development of a systematic technology +transfer process, the
intermediate step between research and development and operational
use would still continue to be largely missing. From state users'
perspective, the development of a systematic technology transfer effort
would complete the full development cycle of the Landsat program and,
in fact, make it a complete and more productive system. The require-
ment for technology transfer is emphasized in the following recom-
mendations from the NCSL Final Report:

"For an effective technology transfer process, NASA, in its
research and development role, should establish an organization of
an operational, as opposed to developmental, nature to carry out
this process. The transfer of technology, in this case, also
requires the organized cooperation of an array of various
institutions". .

"Regional user assistance centers should be established. These
centers are not to exclude the development of state data centers
which could perform a coordinate role with the regional centers
for a 'funneling' efiect. "

3.4.3 Technical System Performance Characteristics
The presently proposed technical capabilities of Landsat-D are the

results of a series of requirements evaluations by various user groups
during the last several years including the recent study by the
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Committee on Remote Sensing Program for Earth Resources Survey of
the National Research Council. As a result, this evaluation did not
address the technical performance requirements in terms of the overall
user requirements. Instead, it was directed towards determining the
incremental value of the specific improvements in Landsat-D over the
existing Landsat I and II systems to state programs.

Numerous specific applications have been projected to uniquely benefit
from the improved spectral and spatial capabilities of Landsat-D over

Landsats 1 and II. These applications and referenced organizations are
listed in Table 3-3,

An evaluation of the user needs of over forty state agencies in the five
state area consisting of Illinois, Ilowa, Minnesota, Missouri and
Wisconsin was performed by Washington University to determine the
additional specific data items that the improved Landsat-D is capable
of providing over the present Landsats I and II in selected application
areas. A total of 54 data items was identified in the 13 selected ap-
plication areas which require the improved capabilities of Landsat-D.
Table 3-4 on the following page identifies the data items and corres-
ponding applications.

Benefits

Landsat data normally benefit user organizations in two ways: {(a) as a source
of totally new and incremental information which existing sources are in-
capable of providing, and/or (b) as a source of information which is a capable
substitute for existing data sources resulting in a cost savings.

3.5.1 Incremental Capabilities (New Benefits)

The majority of organizations use Landsat because it enables them to
"do new or additional" functions which otherwise would not be at-
tempted with conventional techniques. It provides a new perspective
and results in additional information which has a positive impact on the
effectiveness of various organizations. Typically, the benefits resulting
from the incremental capabilities of Landsat are not easily quantified.
These capabilities and the associated benefits are described in the
ensuing paragraphs. To provide a user's perspective of each Landsat
capability, a user statement relating to the capability is also provided in
selected cases.

(a) In many applications, the availability of Landsat data with rea-
sonable costs to the user provides state resource managers with
the only feasible means to accomplish a required resource
inventory.  Without Landsat, the cost, time and manpower
involved in the use of conventional techniques would be too
prohibitive to permit implementation.
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TABLE 3-3

APPLICATIONS ENHANCED BY LANDSAT-D

Increased accuracy in boundary delineation, land category identification and
discrimination in broad land use determination - Southern Growth Policies
Board - Letter II-B (1) |

Improved pinpointing development problems in settings where ownerships and
land uses have a high degree of diversity - Tennessee Valley Authority -
Letter II-B (3)

Further breakdown of forest types by species rather than broad categories -
Tennessee Valley Authority - Letter II-B (3)

Extraction of nearly all Level II land use categories (NCSL Final Report-
p. 43)

Detection of smaller and narrower water bodies, as well as smaller areas of
irrigated land (NCSL Final Report - p. 52)

Improved urban applications - Atlanta Department of Budget and Planning -
Letter II-D (1-1)

Detection of thermal effluents and increased water quality analysis -
Tennessee Valley Authority - Letter 1I-B (3)

Improved geologic mapping, ground water hydrology and materials compo-
sition analysis - (NCSL Hearings on Landsat}

Improved wetlands mapping (NCSL Final Report - p. 48)

Increased water penetration capability in coastal zone management and
inland water quality evaluation (NCSL Final Report - p. 49)

Improved accuracy in the recurring need to monitor shoreline erosion (NCSL
Final Report - p. 50)

Improved route and site location in transportation facilities planning {(NCSL
Final Report - p. 50)

Increased effectiveness of forest and crop disease detection, e.g., Southern
Pine Beetle infestation (NCSL Final Report - p. 51)

Improve strip mining and reclamation responses - NCSL Final Report p. 53; -
Maryland Department of Natural Resources ~ Letter II-C (12-2)

Improved evaluation of lake eutrophication condition through increased
vegetative response and capability to penetrate water (NCSL Final Report -
p. 54)



TABLE 3-4

PLAUSIBLE DATA TITEMS WHICH REQUIRE LANDSAT-D
CAPABILITY IN AT LEAST ONE APPLICATION AREA

APPLICATION AREA

KEY =

O LANDSAT-D REQUIRED

* LANDSAT I OR II ADEQUATE
+ SATELLITES INADEQUATE
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(b)

(©

(d)

"An inventory of four million acres of irrigated lands along
the Snake River would be extremely useful to many
organizations and agencies. Existing data is outdated and
virtually unusable for current requirements. It would appear
that the cost and time involved in a conventional survey
would rule out a complete update. However, the staff of the
Department of Water Resources believe that a survey based
on Landsat data could be performed in a timely and cost
effective manner. At least, those are the indications
demonstrated through the project to date. (Governor
Andrus, Idaho - Letter 11 - C (9-1))

Because Landsat provides comprehensive coverage with relative
economy, inherent flexibility, ease of use and availability, it often
acts as a catalyst for states to develop comprehensive land
inventory and management programs. It is extremely important
that Landsat provides data coverage to work with in areas where
none was previously available.

"The detailed, synoptic information produced has proven
useful on a wide variety of land use and natural resources
planning and management tasks. It would not have been
possible for us to complete either of these inventories if
Landsat data had not been available." (Commissioner Bucks,
South Dakota State Planning Bureau - Letter 11 - C (17-12))

The repetitive coverage frequency of Landsat is a new and power-
ful capability providing state users with a source of timely and
current data which permits them to periodically and frequently
monitor the changes occurring over time in a large geographical
area.

"Because our region is a part of the St. Louis Metropolitan
Area, our need for more frequent monitoring is increasing
beyond the frequency that other federal agencies (i.e.,
U.S8.G.S,, U.S.D.A.) can provide. Therefore, without con-
tinuing the earth observations from Landsat we expect to
incur increased costs with less efficient and timely data."
(Mr. Theodore H. Mikesell, Executive Director, South-
western Illinois Planning Commission - Letter H-D {8-11))

In comparison to ground surveys and conventional aircraft cover-
age, Landsat data provide a basis for relative standardization over
extensive geographic areas. The data provide more consistent and
standardized information for a common time period and with a
common set of technical parameters.

"I believe that perhaps the most important aspect of

utilizing Landsat data is that information is obtained from a
single source using the same criteria over the entire state
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(e)

()

(g)

within a narrow span of time. This, as opposed to .a myriad
of sources working independently over long periods of time
as in previous statewide inventories, has obvious advan-
tages." (Mr. Robert W. Teater, Director, Ohio Department
of Natural Resources -~ Letter [I-C (15-3))

The synoptic and repetitive Landsat data are uniquely suited to
provide a frequent update of surface conditions and identify or
pinpoint areas of rapid change or negative stress requiring
additional analysis using more detailed survey techniques.

"I believe that one excellent potential of these data is that
changes in land use can be detected through updating of the
information, various statistical information can be
generated, and supplemental inputs can then be utilized for
more detailed analysis of specific areas." (Mr. Robert W.
Teater, Director, Ohio Department of Natural Resources -
Letter 1I-C (15-3))

The aggregation of new capabilities and information character-
istics inherent in Landsat, e.g., its synoptic view and spectral
manifestation of the environment, enable Landsat to extract new
information which would have been impossible to acquire with
conventional techniques or would have taken years to develop.

"The Geological Survey of Alabama determined that a
relationship existed between the location of the lineaments
and the location of high yield springs and wells. This pro-
vided a link between the data acquired by satellite and the
conventionally derived information on water yields, This
type of application is extremely important to the overall
development of the State. It is impossible to place a dollar
figure on this type of use. It identified the occurrence of
geologic conditions that we did not know about before the
satellite and it would most likely have been years, if ever,
before this condition was discovered." (Mr. Walter
Stevenson, Alabama Development Office - Letter II-C (1-3))

The grid (pixel) based digital form of Landsat data enables a high
degree of compatibility with computer implemented processing
and geobased information systems. This capability permits
Landsat to be easily integrated and analyzed in concert with other
data for comprehensive natural resources planning and land
capability/suitability evaluation.

"The Tennessee Valley Authority has made a commitment to

implement an operational earth resources information
system which will enable TVA to efficiently utilize spatial
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data for regional planning, siting, and assessment activities
during the 1980's. An integral part of this system will be
information derived from Landsat data." (Mr. JohnS.
Barron, Assistant to General Manager TVA - Letter 1I-B (3))

3.5.2 Substitution Capabilities (Cost Savings)

In addition to being a source of incremental information, state users
identified Landsat data as a potential substitute for conventional tech-
niques in applications where it provides a more economical and
effective means. The estimates of cost savings involved in the use of
Landsat as a substitute data source are presented in this section as
results -of the the following: (a) state Landsat expenditure and cost-
effectiveness analyses; and (b) examples of cost-savings information
presented as case profiles.

3.5.2.1State Expenditure and Cost-Effectiveness Analysis (Point Sample)

A study was performed of the data collection activities and the use of
Landsat data as part of these activities in three states. The objective
of the study was to estimate: (a) the approximate dollar amount of the
future state expenditures (FY 81) for Landsat data and related activities
in a sample of states; and (b} the annual dollar benefit accrued to the
states (beginning in FY 81) as a result of the increased efficiency/cost
effectiveness associated with the use of Landsat data. The states of
Georgia, South Dakota, and Texas were selected because they are a
representative sample of the different levels in the progression toward
adoption of Landsat by states as an operational and routine data source
in their programs. The three states also represent diversity in
geography, population, physical features, land use patterns and regional
concerns, e.g., strip mining and coastal zone management. The results
of the survey are presented in Table 3-5. The table shows the amount
of funds expended on natural resources data collection activities and
the funds spent on Landsat as one tool to accomplish some of this data
collection in each of the three states. The funds expended on data
collection and Landsat related activities in FY 76 was used as the
baseline by the state resource managers to project their data collection
expenditures for FY 81 (timeframe of launch of Landsat-D).

As shown in Table 3-5, the states projected that the FY 76 expenditure
of $54,765,000 being spent for data collection in the three states would
increase to $75,932,000 (increase of 39 percent over FY 76) and that the
1976 Landsat related expenditure of $436,000 would increase to
$2,345,000 (increase of 438 percent over FY 76) by FY 8L

The users in the three sampled states also generally agreed that if they

were to acquire the identical information with conventional techniques
in the FY 81 time frame that they are presently planning to obtain with
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TABLE 3-5

MARKET ANALYSIS
(SAMPLE SURVEY)

Fy 76 ExPENDITURES () ry_81 PROJECTIONS ($)

DATA" LANDSAT** DATA LANDSAT™*

COLLECTION RELATED COLLECTION RELATED

® GEORGIA 11,060,000 (3,000 15,725,300 1,055,000

® S. DAKOTA 3,890,000 178,000 5,423,000 415,030

¢ TEXAS 59,815,000 138,000 54,787,000 875,000
TOTALS $54, 755,000 $475,000 $75,9%2,000 $2,305,000%#*

*MATURAL. RESOURCES DATA COLLECTION EXPENDITURES
*¥INCLUDES EXPENDITURES FOR MANFOWER, DATA ACQUISITION, COMPUTER COSTS, TRAINING AND EQUIPIENT

33k -

TOTAL LANDSAT RELATED MARKET FOR THE 5 STATES PROJECTED IN FY 81
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Landsat, it would require a five fold increase in costs (over the cost of
using Landsat), This would result in a 16 percent increase in the total
.estimated data collection costs for FY 81 or annual dollar benefit to the
three states alone of about $9M. The $9M represents the approximate
savings to the three states in efficiency resulting from the use of
Landsat.

3.5.2.2 Cost Savings Case Profiles

Many users have compared the costs involved in using Landsat
data with conventional techniques to accomplish their program
functions. These comparisons are presented in the following case
profiles as another indicator of the cost-effective use of Landsat:

Case l: NCSL Final Report on State Use of Remote
Sensing, p. &7.

To acquire land use/land cover data at Level | detail, the
following cost comparison between the use of aircraft and
Landsat data were obtained from 5 sources:

COST/SQUARE MILE
A B C D E

Aircraft---53.59 S.48  $4.9% ——  S$4.88-%5.11
Landsat-—-SL.52 $.J03  §.79-.5.23  S.91  S8.35-5.42

Case 2: Provided by Governor Straub, State of Washington,
State Cochairman and Mr. Jack Q. Padrick, Federal
Cochairman, Pacific Northwest Regional Commission -
Letter II-B {2).

"For example, the Washington State Department of Natural
Resources 1is utilizing Landsat data for a Western
Washington Forest Inventory {10 million acres). While this
inventory could have been accomplished by standard
methods within two years at an estimated cost of $2.0
million, the current estimates indicate that using Landsat
data will allow a comparable inventory to be completed in
one year at a cost of approximately $200,000."

"A recent survey to update available data on the location
and extent of vacant lands in the City of Boise involved
$70,000 using current methods. The same survey was ac-
complished using Landsat data in one man-month as com-
pared to 15 man-years using current metheds. Comparison
of results from the two approaches was within 98%
accuracy."
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Case 3: Provided by Commissioner Dan R. Bucks, South
Dakota State Planning Bureau - Letter II-C (17-2).

"As a point of reference, our Level | analysis, completed in
less than 6 months, cost less than $5000, excluding only
postage costs for the distribution of over 3,000 copies.
Using the highest altitude aircraft available commercially
and the smallest scale imagery obtainable, data acquisition
costs alone would have been well over $200,000."

Case 4: Provided by Mr. James A. Duerk, Director, Ohio
Department of Economic and Community Development -
Letter - H-C (15-4).

"A 1965 land use inventory cost $191,000, or roughly $310,000
in 1975 dollars, and tock two years to produce from data
ranging seven years apart. The present inventory is ex-
pected to cost approximately $i15,000 and take one year to
prepare"
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4.0

PRIVATE SECTOR

4.1

Landsat-D Industrial Users Perspective

The user sector that has progressed the most in terms of routine use of
Landsat is the mineral and petroleum industry. However, the range of
industrial users extends from individual entrepreneurs to major
construction corporations. All have one thing in common: their
ultimate commitment to Landsat will depend on its profitability.

3.

Mineral and Petroleum

In order to fully understand the current and potential value of
Landsat data, extensive discussions were held with major firms in
this field. The following contacts were made:

On-3ite Visits

Burham Oil (Aminoil)
Chevron

Cities Services
Continental Qil

Exxon Research

Guli Research
Halbouty Alaska Qi
NL Industries

Santa Fe International
Superior Qil
Trollinger Geo. Assoc.

OO0 O0OQCO0O0COO0O0OO0

Telephone Discussions

0 Mobil

0 Shell

o} Texaco

o Geosat Committee

Contacts were made at highest possible management levels, but in
all cases involved someone who had knowledge of the company's
total use of satellite data and its relative value. Each company
was apprised of NASA's concept of a Landsat-D missien. Each
company was asked to submit, in whatever degree of detail it was
willing to supply, a description of how the current Landsat system
was being used, the limitations experienced, and the value
derived. In addition, each was asked to submit the company’s
evaluation of all desired parameters for the Landsat-D program.
To varying degrees, each contact did contribute position papers or
verbal input.
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The major use of current Landsat data in the petroleum and
mineral industry is for reconnaissance mapping. Because of its
synoptic view of earth, Landsat data is being used as the base onto
which more detailed information is imposed. As a result, Landsat
data is apparently making a positive contribution throughout the
exploration process, and not just in general geological mapping
where it represents a major tool.

Usage of Landsat data is industry-wide. This includes operational
usage (best represented by Superior Oil, but also Gulf, Chevron,
NL Industries, Halbouty, Trollinger, Santa Fe International, Mobil,
and Shell), as well as research usage. Within the industry the
distinction between operational and research is not always a clear
one. For instance, in the case of Exxon, the Research Division
processes all Landsat data including that used by the Operating
units. Other companies making "research" usage of Landsat data
include Continental, Aminoil, and Cities Services.

One strong point made by the users within the mineral and petro-
leum industry is the importance of a continuum of data over a
pericd long enough to obtain global coverage under seasonal and
climatic variations. The assertion that a single cloud-free scene
of an area is sufficient to meet this industry's requirements is
rapidly fading as the wealth of geological and geobotanical
information contained in Landsat data is increasingly understood.
This question is addressed in the technical documents provided as
references. While the industry is currently building worldwide
mosaics from the present Landsat data, the process would be
repeated to obtain the new and additional data contained from
Landsat-C and Landsat-D. As an example, Paul G. Harrison of
Cities Service Oil Company (Letter II-J) states the following:
"We know that multi-season coverage may offer more infor-
mation than a single look by detection of such changes as
vegetation cover, soil moisture and sun angle. Many clues of
geological significance are transient in nature because of
these factors, yet the previously cited costs for an airphoto
survey make it unlikely that the clues will be sought after
with this tool."

Although the industry is currently building worldwide mosaics
irom the present Landsat data, the process would be repeated to
obtain the new and additional data contained from Landsat-C and
Landsat-D.
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The performance enhancements of the Thematic Mapper would
definitely upgrade the value of Landsat data as an industry tool.
However, for the realization of the full potential of satellite
remote sensing data, this industry is requesting a program that has
built within it the inherent flexibility that will permit modi-
fication of the Thematic Mapper to include a seventh band cen-
tered at 2.2 micrometers (Thermal IR) and a specialized stereo
satellite (for three diminensional coverage) to be flown once every
three-to-five years. The mineral and petroleum industry desires a
program that has the flexibility to change based on the dictates of
the experience and varying requirements of its users.

According to industry representatives, the application of data
have already improved the nation's domestic mineral resources
information base and will continue to do so on a much larger scale
provided the entire program is continued and implemented with
new stages oi properly equipped satellites to produce vital new
earth science data.

Forestry

The forestry industry as a whole is best characterized as being in
the investigatory stage in its use of Landsat data. This includes
the major forest products companies such as Weyerhaeuser, St.
Regis Paper and International paper, as well as smaller ones.
Weyerhaeuser has thus far established that the current Landsat is
unable to meet two pressing operational needs: species iden-
tification within its holdings and monitoring of very young seed-
lings in reforestation projects. Investigation for application to
other needs has been turned over to the Research and Develop-
ment Department. A 60,000 acre area in North Carolina was
recently classified into a number of categories at an accuracy of
90%.

St. Regis Paper is using Landsat data as input to their long range
planning model for their information management system. The
essential elements they look to from Landsat-D are:

o} A 8.5 million acre synoptic view of earth per scene

o A continuous data source

o 30-meter resolution (enabling one less level of under-
flight data)

o 256 grey scale for enhanced classification capabilities.

Mr. Kenneth F. Bailey, Divisional General Manager, Southern
Timberland Division, said "We feel such a system is mandatory if
proper decisions are to be made as to the management of our
natural resources in general, and forest resources in particular."
(Letter III-A)
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4.2

C. Construction

Bechtel utilizes Landsat data in such wide ranging construction
projects as location of nuclear and fossil power plants, dams and
hydroelectric projects, highway and pipeline routes, industrial
complexes, airports, telecommunication projects, mining facilities
and more. A document describing Bechtel Geelogy Group's use of
Landsat data, its on-going requirements, and suggested
improvements is included as Reference IV-C,

Current Applications of Landsat

Industry is the largest group purchasing Landsat data. An overview of
the value of Landsat data +to this industry is given by
William V, Trollinger of Trollinger Geologic Associates - Letter III-I
(2)): "Generally speaking, the Landsat imagery provides the overall
synoptic view for regional geologic {primarily structural) interpretation
which puts the detailed information into its regional context.”
However, the use of Landsat data is not limited to its structural
information. The temporal aspect of Landsat data acquisition is also
important. Paul G. Mathiew, Manager, Exploration Department, Gulf
Research and Development says that (discussion with Mr. Mathiew):
"Seasonal variations in moisture and snow cover have contributed to our
interpretations.”

Eugene L, Jones, Manager of Exploration Research at Mobil, says,
(Letter III-E):

"Our principal use of the data has been for regional geological
studies, particularly tectonic analyses. These studies have been in
support of Mobil's worldwide exploration for both petroleum and
other mineral deposits.

The applications have been fairly well balanced between North
America and foreign areas, including Africa, the Middle East, and
Far East.

We have examined shallow-water offshore areas for geological
features.

In one instance, offshore Egypt, we did use Landsat imagery to
determine shallow-water areas potentially hazardous to marine
seismic surveys. In this case, bathymetric charts were pre-1930
vintage and of questionable reliability."

The scientific and technical reports documenting the use of Landsat
data usage in mineral and petroleum exploration alone fills volumes.
Two examples are: "a description of exploration in Guatamala" by
Trollinger (Letter I0-I (1)), and Landsat Data Contributions to
Hydrocarbon Exploration in Foreign Countries by F. P. Bentz and S. L
Gutman (Letter III-F).
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4.3

The general use of Landsat data throughout the industry is probably best
summarized by Michel T. Halbouty in an article entitled, "Application
of Landsat Imagery to Petroleum and Mineral Exploration," American
Association of Petroleum Geologists Bulletin, Volume 50, No. 5, dated

May 1976. The first six points of the abstract provide an excellent
synopsis of Landsat's mineral and petroleum applications.

Need for Improved Capability

Because the mineral and petroleum industry is advanced in its use of
current Landsat data, the need for the proposed improved capabilities
of the Landsat~-D} mission are essential, but represent a minimum
upgrade. To quote Chevron (Letter III-B):

"We anticipate that Landsat 1, 2 and 3 will satisfy our needs for
imagery acquired with the present MSS configuration., Once
Chevron has obtained cloud-free coverage of the land areas, we
will greatly curtail our ordering of MSS images. The proposed
Landsat follow-on with improved spatial resclution and spectral
bands will initiate a new cycle of image acquisition and inter-
pretation,

"Specifically, the new mid-IR (1.55 to 1.75um) of the Thematic
Mapper should greatly aid in recognizing hydrothermally altered
rocks in the vicinity of potential mineral deposits. The improved
spatial resolution will improve the ability to resolve specific
targets while retaining the broad image coverage that has been so
useful. The proposed thermal IR band (10.% to 12.5um) will
provide sea ice monitoring capability during periods of arctic
darkness. For geologic interpretation, our experience and that of
other investigators indicates that thermal IR imagery must be
acquired at night. Only experience will establish the applicability
of this relatively low resolution thermal IR imager."

Although not mentioned on the proposed Landsat Follow-~on speci-
fications, we believe that sterecoscopic image coverage will be
valuable. This is based on our work with the limited stereo sidelap
from Landsat 1 and 2, that has minimal vertical exaggeration.
We believe that complete stereo coverage of the earth's land
areas with optimum vertical exaggeration would be valuable.
Repeated coverage would not be necessary after cloud-free
coverage of high quality images has been acquired."

In Energy Resources Exploration Petroleum (Bennett - Letter IlI-A), the
industry position is summed up as,

"It is unlikely that they {many companies) would acquire repeat
coverage from future satellites unless there are significant
improvements in spatial resolution and spectral coverage."”
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Most companies do acknowledge that the Landsat-D program, as
presented to them, does offer sufficiently significant improvements to
continue the benefits being derived, but NASA must not stop there. As
Bennett, himself, points out,

"Band 4 of Landsat 1 and 2 is currently used to map these (shallow
seas) hazards; the water penetration band of Landsat Follow-on
should be even more useful. If atmospheric scattering effects are
not excessive, natural oil seeps may be detectable on imagery as
aid to offshore exploration.”

Gulf states,

"The specifications for data acquisition outlined will definitely
increase the usefulness of the data for geologic analysis. We
would recommend in particular the inclusion of 2.2 micrometers in
the spectral band coverage for its potential use in discrimination
of rock alteration."

Jon W. Davidson of Superior Qil (Letter III-H) feels that,

", . . the present Landsat bands are not optimumly positioned for
geologic mapping.

In particular, we need bands centered at 1.6 and 2.2 micrometers.
The 1.6 micrometer band is proposed for the thematic mapper on
Landsat D; however, without the 2.2 micrometer band to utilize in
ratioing, its value will be significantly diminished. Our experience
indicates that ratioing of two bands in the same portion of the
spectrum is much more useful in geologic mapping than single
bands.

The increased spatial resolution and dynamic range of Landsat D
will certainly be welcomed by the geologic cornmunity; however,
until the bands are placed in an optimum position for geologic
mapping, the really large benefits of natural resource exploration
from space cannot be obtained."

A more positive note appears in Exxon's statement (Letter IiI-C),

"We consider Landsat one of the most important and significant
projects undertaken by NASA. It has direct and immediate appli-
cation in the search and development of our nation's natural
resources. Implementation of proposed follow-on Landsat pro-
grams will significantly improve the system and allow even more
direct application in the exploration for natural resources."
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.4

Benefits from Landsat

To quote Energy Resources Exploration Petroleum (Bennett - Letter III-
A), it'is,

n, . . difficult, if not impossible to credit a discovery well (or
mine) to a single technology. The time from beginning of explora-
tion to drilling a well is commonly five years or more ... On this
time frame, the major petroleum (or mineral) benefits of Landsat
are in the future,"

However, the nature of those benefits is clear. For although the utili-
zation of Landsat data has not resuited in the replacement of any
geological or geophysical method, it has aided in the optimization and
localization of the use of these methods which are considerably more
costly than using Landsat data. This optimization is an increase in
efficiency of mineral and petroleum exploration. The industry itself
says that Landsat data is used for initial and general mapping,
exploration concession selection, structural mapping, locating water
resources, road mapping, pipeline routing and environmental monitoring.

Estimates of the 1975 expenditures for mineral and petroleum
exploration worldwide using geophysical techniques only was $5L4
million and $L.19 billion respectively (Geophysics, Vol. 4], No. 4, p. 780,
1976). The total mineral and petroleum exploration expenditures in the
U.S. alone for geological techniques has averaged about 3100 million
annually over the past three years (this is an estimate based upon
information from the joint survey by the American Petroleum Institute,
the Independent Petroleum Association, and the Mid-Continent Qil and
Gas Association published in The-0Qil and Gas Journal, p. 36, May 3l,
1976, and from the Society of Exploration Geophysicists Annual
Geophysical Activity Committee Reports published in past issues of
Geophysics). The total geophysical and geological (G&G) expenditures
for mineral and petroleum exploration for 1975 was, therefore, about
SL.34 billion. Of this amount, about $920 million was attributed to
airborne and land surveys which are directly effected by Landsat ($420
million was expended on marine surveys which are not affected by
Landsat).

The USGS estimated that an increased efficiency of 7% in its geological
and geophysical operations would result from Landsat data (1969
National Academy of Sciences study of an Earth Resources Satellite
Observation System). NI Industries found its increase to be in the
range of 12-15%. More specifically, Dr. H. Leroy Scharon states, (Letter
II-K):

"the time element (for ore exploration) was reduced from a field
reconnaissance of two vyears to several months. This alone
represents a saving to NL of several hundreds of thousands of
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dollars... In another case, which occurred in the United States,
observing lLandsat imagery over a known mineral district, we
observed through the utilization of the infra-red bands, that cne
could interpret fracture patterns, not evident at the surface, in
which ore occurs at 1,500-2,000 feet below the surface. Applying
this technique over another area where a similar host rock at
depth is known to exist, over an area extending some 200 miles
east-west and 50 miles north-south, specific loci were spotted on
exploration program initiated with a considerable decrease in time
and doflars spent, and I might add with an exploration success.
These are but two examples."

Using the USGS experience of 7% rather than the NL experience
averaging 13.5%, assuming the 1975 Landsat effected G&G expenditures
will not increase in the future, and assuming that all activities included
in the $920 million 1975 exploration expenditure are directly effected by
Landsat data, a conservative estimate of the value of Landsat to the
mineral and petroleum industry is $6% million annually.

A few examples of cost benefit from Landsat in petroleum exploration
are as follows:

In Energy Resources Exploration Petroleum Bennett states,
(Letter LI-A):

The savings in manpower and time could be appreciable (in
geologic studies), especially in areas where base maps are
poor or lacking..."Trafficability and access information from
Landsat maps can save several days of crew time each
month at a typical cost of $5,000 per day in isolated foreign
areas."

Trollinger states, (Letter III-1):

"It is very difficult to quantify the amount of cost savings
effected by utilizing Landsat data over a totally conven-
tional program (aerial photography). This is because the
type and quality of information derived is quite different.
However, the following information is given for general
comparative purposes:

For the Guatemala-Mexico area mentioned above, the cost
breakdown roughly is as follows:

a. Detailed study using aircraft photography

(approximately) 1,500 square miles-$6.50 per square
mile = $9,750.00
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http:9,750.00
http:miles-$6.50

b. Regional study using Landsat
(approximately) 150,000 square miles-$ .20 per square
mile = $30,000.000

c. $6.50 per square mile divided by .20 per squére
mile = 32.5

This means that unit costs for mapping using conventional
photography were 32.5 times more costly than using Land-
sat. However, the products are totally different in quality
and amount of detail and therefore, the cost figures are of
limited value. The resultant Landsat photogeologic map was
prepared at the scale of 1:1,000,000, whereas the
conventional photogeologic map was prepared at the scale of
1:50,000. Thus, the conventional map s more
comprehensive than the Landsat map—however, the Landsat
map provides data that has been heretofore virtually un-
obtainable at any cost." {Note that over $20 million is
spent annually on airborne exploration for petroleum).

Because it requires 4-5 years after a potential mineral or petroleum
deposit is located to determine its potential value and to initiate
extraction operations, and because the mineral and petroleum industries
have only been using Landsat for a short period of time, it will require a
few more years to identify point cases of actual benefit,
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5.0

LANDSAT DATA ANALYSIS, SERVICE AND EQUIPMENT SUPPLIERS

5.1

2.2

Overview

Since the launch of Landsat-l, a growing industry has emerged to
provide specialized data products, data analysis equipment and
consultation services to end users of Landsat data. Business
opportunities for these firms are increasing as more users gain interest
and confidence in Landsat data for practical use. A large share of the
economic benefits of earth resources satellites can be measured by
assessing the vitality of this service industry.

Service Supplier Survey

In order to gain a totally independent perspective of the value of
Landsat, a survey of nine companies involved in the commercial
utilization of Landsat data was conducted to determine the size of the
potential market for selected products and services. (No attempt was
made here to evaluate the marketplace in total or the ultimate
contribution to the GNP; i.e., the value of the end-products and/or
services resulting from the use of Landsat data.) The market survey
can give some indication of the monetary value users are willing to
place on Landsat. In addition, it represents an assessment of Landsat by
a segment of the public that has risked its own money on its beliefs.
Significant amounts of investment capital have gone into product
development {image processing equipment, computer software
development, etc.), personnel training (both for analysis and marketing),
and )to market development itself (evaluation, forecasting, advertising,
etc.).

The criteria for selecting the companies sampled were:

I.  The company must be currently involved in providing or evaluating
Landsat-based products and/or services.

2. Market forecasting must be part of the company's standard busi-
ness procedure.

3. The company represents a major segment of the Landsat market
(in terms of what it offers). The present or forecasted Landsat-
based business represents a major portion of the firm's total
business, or a large dollar volume is derived or projected from
Landsat-based business.

With these criteria in mind, the following companies were requested,
and agreed, to participate:

38



COMPANIES INITIAL CONTACT

TITLE

Bendix Aerospace George R. Macomber Vice President
COMSAT Dr. Joseph V. Charyk President
DICOMED Wayne R. Huelskoetter Vice President
EARTHSAT 1. Robert Porter President

ESL, Inc. Dr. William J. Perry President
General Eleciric Daniel J. Fink Yice President
IBM Corp. F. G. (Buck) Rodgers Director of

2 Corp. Marketing
I°S (Div. Stanford) George G. Hoberg Vice President
TRW Dr. George Solomon Vice President

5.3 Survey Results

5.4

The responses provided to NASA differed widely in approach and
content. Specific projections could not be drawn directly from the
data, but a number of important general conclusions were evident.
First, the "market" is sizeable and diverse in terms of both products and
services. The market should be at least $l billion from 1976-1985 and
could range up to $4 billion or beyond. This includes sales both
domestically and abroad.

There was consensus among the eight respondents that a lack of
commitment to further satellites would have an adverse impact on the
market although the timing and magnitude of this is not clear. It was
clear however, that a three year interruption in an on-going program,
(e.g., a satellite failure with no backup), would seriously affect the
market. All the responses indicated that, in event of a three year
interruption, the market would decline by 70-90 percent. There would
be slow, if any immediate recovery following the launch of another
satellite,

Service and Equipment Supplier's Concerns

From the survey and private discussions with representatives of the
industry, NASA gained some understanding of the concerns of the
companies operating in this area. The realization of the market
potential for Landsat-derived business is largely dependent on
government policy decisions. A commitment to provide continuity of
data is emphasized as a major step which will be needed to stimulate
the market for Landsat products and services. A full commitment to
continuously available data would require a new start in time to orbit
the new satellite before, or coincidental with, the demise of the old and
sufficient backup satellites, to replace satellites no longer functioning,
or, during the shuttle era, being refurbished or modified. The extent to
which the potential for discontinuity is known by users will determine
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the effect on the market. Unless there is a commitment to continuity,
many will not make the investment necessary to use Landsat data

operationally if there is a lingering threat that the data will cease to be
available.

A second governmental policy issue which will determine the market
potential is the service supplier's access to the data—at what points and
under what conditions? Direct readout of the data from Landsat would
provide the opportunity for general and specialized distribution services
which could perhaps be provided more quickly and cheaply than through
certral facilities, Private industry would, in order to enter the
market, have to provide, at minimum, products which equal the
government's in price and quality. This competition might result in
better products at lower prices.

This is not to infer that private industry should replace the government
in the entire distribution process. According to the industry, the
archiving function does not represent a viable business opportunity.
Yet, since the full worth of Landsat data is unknown and historical and
seasonal comparisons are of demonstrated value, the archiving function
is essential.

One of the participants in the suppliers study, COMSAT, has presented a
concise view of the major business concerns in this area in the letter to
Dr. Fletcher which is included in the reference section of this
document. (Letter III-L)

Another major concern éxpressed by the service and equipment
suppliers is government usurpation of possible commercial
opportunities. True research projects are indeed worthy and necessary
functions, and, where all can benefit from them, are well within the
domain of the Federal Government. But, industry does not want NASA
to undertake projects which could have been competed for and
accomplished by the private sector.
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6.0

FOREIGN USERS

While NASA has not formulated the Landsat D system characteristics on the
basis of foreign needs, the Agency has experienced extensive and ever-
growing foreign interest in existing and planned Landsat programs. At pre-
sent, over 100 foreign countries are involved with the use of Landsat data,
encompassing research through routine operational use. Seven countries have
signed agreements with NASA to construct their own Landsat ground stations
which involves expenditures of over $40 M for U.S. equipments. The three
countries currently operating stations {Canada, Brazil and Italy) have this
year begun to pay $200,000 per station per year for direct access to the
satellites. The other committed stations will begin paying access fees six
months after they become operational.

Many countries now realize the potential of Landsat in the planning of their
economic development. - Agriculture, being the basis of most of the
economies of the emerging nations, requires a significant amount of
information before meaningful plans can be developed. Whether the objective
is increased yield, reduction of import dependency, or better utilization of
soil and water, Landsat has proven to be a valuable too! in agricultural land
capability evaluation and land use planning {see concerns of the World Land
Use Survey Commission of the International Geographical Union relative to
Landsat expressed in Letter IV-F). Many base mapping requirements can be
accomplished readily and at large cost savings. Large scale planning for
water sanitation projects and industrial/agricultural developments have found
Landsat to be helpful. Landsat data, for example, was used by Taiwan to
determine ocean current and sedimentation distribution in the planning and
design of a major new harbor. In Thailand, Landsat identified the amount of
forested area as 37% of land cover compared to 58% in the most recent
conventionally performed survey (1961). This information is of economic
interest since the mangrove forests are major cash crops. In Mexico, land use
and land capability maps were prepared for large areas. Soil maps were
prepared for the whole country. The Mexican investigators estimate
reliability of the soil maps at 90% and the cost of preparation approximately
0.1¢/hectare mapped. The Inter-American Development Bank is currently
training scientists to conduct a resource inventory of Central America using
Landsat. In India, the World Bank is making land use maps of the State of
Orissa which will be used for agricultural planning and water management.
Landsat-D, with increased resolution and spectral sensitivity, will greatly
reduce aerial and ground survey costs and time in preparation of these
development plans.

Geological maps have been prepared in many countries and new faults and
other geological features discovered. As a result, several countries claim to
have located new deposits of minerals and petroleum. In Pakistan, potential
copper deposits were identified using Landsat. In Chile, Landsat data has
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identified areas of potential copper deposits. In Bolivia, lithium and
potassium deposits were confirmed in areas identified by Landsat data. In
Egypt, petroleum, water, uranium and a new vein of iron ore were discovered
using Landsat (Letter IV-B).

In addition to geological maps, basic cartographic mapping has been enhanced
with Landsat. For example, in Brazil's Amazon region, many rivers and towns
were found to be in different locations than originally thought and new islands
were discovered.

Many actual or potential economic benefits have been reported. For
instance, in France, Electricite de France, the national electric company is
using Landsat to plan development of certain estuaries and to help select
sites for nuclear power plants. The latter application is also being practiced
in Egypt. A new gas pipeline route selected in Bolivia using Landsat saved
the government approximately $3 million. In Argentina, Landsat was used to
map ground water depth and salinity saving several hundreds of dollars per
square kilometer mapped. Table 6-1 presents a summary of selected cases
where Landsat has resulted in economic benefits to various countries.

Countries such as Iran plan to use Landsat operationally and are investing
millions of dollars to do so—most, if not all of which will be spent in the
United States. Canada, of course, has already declared remote sensing tech-
nology from space to be a potential commercial world-wide market and is
assisting industiry to pursue various aspects of the market. Japan, France,
and the United Kingdom are other countries which see the national and eco-
nomic implications of Landsat techneology. Should the U.S, relax its present
leadership in this technology, it is apparent that foreign countries will capi-
talize on U.S. technology. The ability to accurately survey world-wide agri-
cultural crop yield on a continuing basis is perhaps one of the greatest bene-
fits which can result from Landsat technology. The societal benefits related
to the world food problem are obvious and Landsat-D with its increased

resolution can play an important role in the U.S. effort to attack the growing
world food problem.

Landsat is also being used effectively by AID and international lending insti-
tutions (see World Bank letter from Wolfram Drews--Letter IV-E). Recently,
the World Bank assisted India in developing a land use classification using
Landsat data., Many other examples can be cited including the World Bank
base mapping and forest inventory project in Indonesia, and the land use
analysis in Bangladesh. AID is assisting many countries in learning how to use
Landsat in their mapping and resources management. The recent AIDSAT
demonstration of remote sensing technology to some 30 countries was
undertaken by AID as a way of familiarizing developing country officials with
the potential of this technology. In many of these areas, Landsat is the only
potential source of current as well as comprehensive data concerning a
nation's resources.
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Many U.S. based multi-national engineering and construction companies
depend upon Landsat routinely for construction planning and engineering
geology (see Bechtel's Geology Group's statement, Reference IV-C). Data
from the Thematic Mapper will greatly reduce ground and photographic
surveys of topography, vegetation, soils, and impervious materials needed for
‘transportation and construction.

The Landsat-D program is, therefore, important to other countries especially
the emerging nations, U.S. foreign business, and U.S. technological leadership.
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TABLE 6-1
ECONOMIC BENEFITS TO FOREIGN COUNTRIES
RESULTING FROM LANDSAT USE*

Numerous Countries (Atlantic Ocean) - areas of high/low phytoplankton
densities discovered resulting in benefit to fisheries industries.

France - Electric Co. using Landsat to plan development of estuaries and
select sites for nuclear power plants.

Bangladesh -~ 4000 square miles of new land discovered.
Japan - Pollution dispersion in Osaka Bay monitored.
Thailand - Mangrove forest inventory.

Vietnam - land capability analysis of Mekong Valley used for land develop-
ment, refugee settlement.

Egypt - iron ore discovered; Landsat being used to select sites for nuclear
power plants.

Saudi Arabia - desert locust breeding sites identified using information con-
cerning vegetation patterns.

South Africa - possible sources of water identified that could be tapped and
used in periods of droughts.

Argentina - ground water depth and salinity mapped at $300-600 savings/KM2

Bolivia - gas pipeline route change resulted in $3 million savings; Landsat also
used to select highway routing.

Chile - area of potential copper deposits discovered.

Mexico - land use maps produced at significantly less cost; land use potential
maps prepared for planning.

Virgin Islands ~ hydrographic (depth) charts prepared at lower costs.
Brazil - 200 square miles in Amazon discovered (préviously unmapped).
Pakistan - copper discovered.

Bolivia - lithium and potassium deposits discovered.

*The references for these economic benefits are the Landsat Significant Results
File and the NASA Earth Resources Survey Symposium Proceedings
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7.0

MULTISECTOR USER EVALUATION

7.1

7.2

Applications Survey Groups

The results of the Applications Survey Groups (ASG's) were reported in
detail in a five-volume document, available from NASA's User Affairs
Division. The general concensus of the ASG's (see Table 7-1) for
organizations involved was extremely favorable to the Landsat
concept. Recognizing that Landsat data is one of many tools utilized in
resources management and planning, the ASGs felt that Thematic
Mapper data from Landsat-D will be of tremendous value to them.
Overall, the Landsat-D characteristics most strongly desired by the
Groups were:

o Resolution of 30 meters {Thematic Mapper)
0 Increased spectral sensitivity (Thematic Mapper)

o Continuation of MSS data to assure compatibility with current
Landsat information

o A two satellite system giving nine-day repetitive coverage

The ASG report was also of great value in that-it did identify some
specific dollar costs and benefits associated with the use of Landsat-D.
These figures were incorporated into the economic analyses of
Landsat-D conducted by NASA.

Battelle Survey

The Space Applications Board of the National Research Council
requested NASA to undertake a general survey of users of earth
resources data. This study was to identify current data users, examine
their usage of Landsat and aircraft remote sensing data and determine
improvements suggested by users to make the data more valuable.
Battelle Columbus Laboratories was given responsibility to conduct the
survey,

Battelle's basic approach was to develop a detailed questionnaire which
was to be administered to a large number of users. Follow-up personal
interviews were also planned. As the study was beginning, the Office of
Management and Budget independently asked NASA to survey the user
community at the impending Earth Resources Survey Symposium, to be
held in Houston, Texas in June 1975. These efforts were then combined;
the questionnaire was given first to the Symposium attendees and later
to a larger group of general users. Battelle's final report, published in
June, 1976, was distributed to NASA management and field centers,
Congress, GAO and OMB. Several general trends were very clear from
the study:
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The community of Landsat data users is large and growing.

The study identified hundreds of different organizations
currently using remote sensing information and showed that
data sales from the three federal data centers has increased
dramatically since the launch of Landsat-I (Survey of Users
of Earth Resources Remote Sensing Data, March 31, 1976 p.
17). Currently, private industry accounts for purchases of
the largest amount of Landsat data (25%) and state and local
government the smallest (1%, although much of the data
purchased for use by state and local government is obtained
by educational institutions or private service companies).
Landsat data use is uniform among the various disciplines
for the most part, although environmental monitoring
applications of Landsat are lagging behind.

Landsat data utility varies among users. Some users are

already making operational use of Landsat data, e.g., the
petroleum and mineral exploration companies. Other users
are still in the research stage, although they see great
potential for Landsat use in their disciplines. The survey
showed that agriculture, land use and water resources
management will benefit the most from earth resources data
in the future.

Future system improvements will increase the utility of
Landsat data to users.

While many users find the current MSS data from Landsats I
and II very useful, a number of system improvements are
desired.

a. Spectral Resolution - Many users are satisfied
with the existing spectral bands, but the more
advanced users recommend narrower bands and
extension into the thermal and near IR regions.

b.  Spatial Resolution - Most users recommended 10-
40 meter resolution, especially those involved in
land cover mapping and change detection. Many
users are working extensively with 80 meter
data, they are constrained to experimental uses
and large area surveys.

Cc.  Repetitive Coverage ~ Although some users want
more frequent coverage, 18 day coverage seems
adequate. = Some users expressed specialized
coverage requirements for foreign areas or, in
the case of geologists, stereo coverage.
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Data Reproduction and Distribution - User
dissatisfaction with data delivery times was very
clear from the survey. Also there was
significant demand for a quick look capability.

The overall results of the Battelle study
generally support other findings on the same
subject. The report is a good general
compendium of the current state of Landsat data
usage.
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FEDERAL

USGS/GAP, WRD, LUDA,
TOPO., GEOL. DIV.,
ERCS

NSF

OERC
EPA EMSL/MOW

NOAA/OCEAN SURVEY,
NPS/NSTL

USAC OF ENG,/WATER
RESOURCES, WCD

OCE
ETL

EMA HYDRO. CTR.

BUREAU/MINES, CENSUS
LAND MGMT, INDIAN

TABLE 7

STATE/REGIONAL

DEPT, OF WATER ?ES.
SACRAMENTO, CA
DENVER, CO

REA IV REG, PLAN,
OTTUMA, 1AJ

NAT. WEATHER SERV,
(SACRAMENTO, C

GT. LAKE BASIN. COMM,
(ANN ARBOR, MI)

ATER DLV, BOARD
AUSTIN, TX)

DEPT, OF CONSERY,
(SACRAMENTO, CA)
(NASHVILLE, TN)

STATE ED. DEPT,
(ALBANY, NY

PT. CITY PLANN}NG
LOS ANGELES, CA

£O, SURVEY
IOWA CITY, 1A

USER ORGANIZATIONS REPRESENTED IN APPLICATIONS SURVEY GROUPS

UNIVERSITY

TEXAS ASM
UNIVERSITY OF CONMNECTICUT
UNIVERSITY OF CALIFORNIA

UNIVERSITY OF VIRGINIA

UNIVERSITY OF CALIFORNIA
AT SANTA BARBARA

CALIFORNIA INSTITUTE OF
TECHN, /JET PROPULSION LAB,

BUREAU OF ECON GEO,

COLORADO STATE UNIVERSITY

CORNELL UNIVERSITY

UNIVERSITY OF CALIFORNIA
AT BERKELEY

UNIVERSITY OF DELAWARE

STANFORD UNIVERSITY
SAN DIEGO STATE UNIVERSITY

INDUSTRIAL

ST, REGIS PAPER COMPANY
EXXON
FMC

MONSANTO COMPANY
GEOSCIENCE, INC,

HALBOUTY ALASKA OIL
BITTINGER AND ASSOCIATES
RALSTON PURINA
CALIFORNIA EARTH SCIENCES
CARGILL GRAIN

ANDERSON CLAYTON

CHEVRON OIL FIELD
METRICS, INC,
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FEDERAL
ERL

USDI/FISH AND WILDLIFE
SERVICE

USDA/ARS/FOREST SERV,
HUD/FIA
DEPT, OF TRANS,

TABLE 7/

STATE/REGICNAL

TEPT. OF NAT, RES,
(ATLANTA, GA)

RN CTY., WATER AGENCY
BAKERSFIELD, CA

STATE PLANNING AGENCY
(ST, PAUL, MN)

EG. COUNCIS_ OF GOVTS,
DENVER, €O

ES, INFORMATION SYS,
PHOENIX, AZ)

USER ORGANIZATIONS REPRESENTED IN APPLICATIONS SURVEY GROUPS

UNIVERSITY

UNIVERSITY OF MARYLAND
ALBURN WUNIVERSITY
UNIVERSITY OF GEORGIA

UNIVERSITY OF WISCONSIN

UNIVERSITY OF WYOMING

PENNSYLVANIA STATE UNIV,

INDUSTRIAL

TROLLINGER GEOLOGICAL ASSN,
GEOSPECTRA CORPORATION
UPLAND INDUSTRIES
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AGRICULTURAL WASHINGTON, D.C.
RESEARCH 20250 I-B
SERVICE

UNITED STATES OFFICE OF ADMINISTRATOR
DEPARTMENT OF
AGRICULTURE

AUG 2 & 1976

Dr. James C. Fletcher, Administrator
National Aeronautics and Space Administration
Washington, D.C. 20546

Dear Dr. Fletcher:

I am pleased to respond to the request concerning ARS's particular LANDSAT
experience and cur general Interests in natural resource information
gathered by orbiting spacecraft.

A National Remote Sensing Workshop was held within ARS in March of this
vear. It was determined that satellite digital and image products could
be used to:

Determine kinds and acreages of crops

Detect nutrient deficiencies

Inventory rangeland (kind and condition)

Map soils and water bodies

Determine soil salinity

Estimate biomass/yield/vigor of crops

Map curface temperatures and areas of freeze-damaged crops
Determine watershed runcff curve ccefficients

N

CO ~t G L o Do

Each of these applications had been accomplished experimentally in one or
more cases.

Other uses of orbiting spacecraft data that our scientists believe could
be accomplished---but which cannot presently be accemplished because of
insufficient resolution, lack of thermal band, or lack of funds to support
an effori-~-include:

9, Detect disease, insect, and nematode damage to crops

10. Determine cnergy budgets for crops and land areas

11. Agscss sedimentation, soil erosion, air pollution damage to plants
and other aspects of environmental pollution and deterioration.

Qur scientists and administrators are sincerely interested in remote

sensing as a tool to decument present natural resource conditions, to
quantize dynamic processes, to develop and test models, to produce
integrated application systems, and to provide farmers and ranchers with
timely manapement decision facts. In-house funding for these studies had
been stapnant for a nuwber of years, but items In the FY 77 budget will more
than double the in~house support devoted to remote sensing. We are hopeful
that this effort coan be further cxpanded In future budget deliberations.
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An important prerequisite for increased effort of this agency is the
assurance that satellite data be available on a continuing basis over the
coming years. This would include supplementing existing data sources with
more timely, complete, or accurate information on the one extreme, to
development of completely new analysis and dissemination systems on the
other. One obastacle we have faced 1s in establishing teams across
geographical, disclplinary, and agency boundarles--especially teams in
such diverse fields as photogrammetry, computer science, crop modeling,
meteorology, physiology, soil science, and ecology. However, we are
working on this. Experience and learning will occur simultaneously in
extracting more of the information content from the satellite data and

in developing necessary institutional innovations for analyzing and
acting on it. Both processes will require time, so that the benefits

to agriculture will likely grow geometrically with time in the coming
years,

We anticipate cost effectiveness will be best achieved by making multiple
uses of spectral data for a given geographic area. For example, a data set
for a given LANDSAT acene could be analyzed for the information it contains
about such diverse subjects as stored surface water; crop yield fore-
casting; land use as it affects water runoff, soil erosion by wind, and tax
values; range condition and animal carrying capacity, and soil moisture
conditions and evapotranspiration. Thus, we will be busy developing
multiple use analyses and striving for elegantly simple systems that are
based on sound scientific principles coupled with trained insight to dynamic
biological systems. Cost effectiveness will be aided by determining the
minimum amount of ground truth needed- for acceptably accurate conclusions in
any application.

The LANDSAT data provide a valuable resource for following changlng land use
patterns; for opportunely assessing synoptic catastrophic events such as
droughts and floods, and mote restricted events such as fire burns and hail
damage; for calibrating ground conditions spectrally among growing seasons
over large areas; and for selecting sites for experiments that are truly
representative of the physiographie areas served. None of these considera-
tions is easy to price, but utilization of just such information can make
our research dollars go further and make our, program more relevant to real
world needs. TIn additicn, the stimulating interactions ocur scientists have
had with aerospace company representatives, NASA personnel, meteorologists,
and scientists from other locations and countries cannot be priced.

Our sclentists are eagerly awaliting the thermal band of LANDSAT-C and the
LANDSAT follow-on missions. Of particular interest are the additional
applications dealing with freezes, crop water stress, planting advisories
based on observed soll temperature, plant cover and vigor as revealed by
the thermal response, and synoptic energy budget and evapotranspiration
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analyses. ~For example, we anticipate that data from the thermal band
used in conjunction with the other bands will make the identity of cropped
versus noncropped fields of wheat and other crops possible earlier in

the growing season than did LANDSAT-1 and -2 data.

! believe you can sec from the above discusslon that ARS Ls interested in
capiltalizing on applications of LANDSAT follow-on data to agriculture in
our areas of need, mission, and expertise, Ultimately, the information is
to be provided to farmers and ranchers for current management decisions.
However, it will be made available, alsc, to the Soil Conservation
Service, the State Experiment Stations, and the many local agencies with
whom we interact.

Sincerely,

D .
2
: VO C it o BBt

v, W. Edminster
Administrater

ccl
JR. L. Schweikart, NASA
S. C. Freden, NASA
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ADDRESS QKLY THE DIRECTOR,
FISH AND WILDLIFE SERVICE

United States Department of the Interior

FISH AND WILDLIFE SERVICE I-C

WASHINGTON, D.C. 20240

In Reply Refer To:
FWS/0BS

i;t.zs;’la 978

Dr. James Fletcher, Administrator

National Aeronautics and Space Administration
Code A, Federal Office Building 6

400 Maryland Avenue, S.W.

Washington, D.C. 20546

Dear Dr. Fletcher:

The purpose of this letter is to offer a brief view of the potential
of the Landsat Follow-on Program to supply critical information needs
of the Fish and Wildlife Service. As you are probably aware, the
greatest single threat to fish and wildlife resources is habitat
loss; yet, to date, no satisfactory mechanism exists o adequately
clagsify, inventory, and monitor such habitat. In order to address
this problem we have recently esvablished a long-term project to
achievé a habitat assessment capability. We see Landsat as a con-
tinuing data source of this activity; if the potential of the Landsat
Follow-on is realized it will become central to the Habitat Assessment
Project.

Specifically, we are interested in the prospects of increased spec-
tral, spatial and radiomeiric resolution offered by the proposed
Thematic Mapper. In particular, the ability to thematically extract
both wetlands and other wvegetaiive units reliably to one acre or less
(assuming an IFOV of 30 meters) will allow near-toital reliance on
Landsat for periodic update of the National Wetlands Inventory as
well as the geo-base information gystem to be created as part of

the Habltat Assessment Project.

We are just now begimming to use Landsat 1 and 2 data for regional
analysis of fish and wildlife impacts of water resource development
activities. The prinecipal limitation on use of present Landsat data
for more detailed studies is spatisl resolution. Thus we see the
Landsat follow-on as providing a more cost effective method of
operation for these site specific, highly detailed assessments.

Action Copy 1 EKem-
Iafo Copy to  &kin




I hope this letter has been of value in your consideration of the
Landsat Follow-on Program. Please feel free to contact me or have
mambers of your staff contact Dr. Allan Marmelstein, the Service's
Remote Sensing Coordinator, if more information would be useful.

gcerely yours,
%AMM

Dlr cLor

Actbon Copy t0 — =
Info Copy to A AL
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Suspense Date _ji’z’s‘_’_ff—_fsﬂ

Prepare Reply for
Signature of __ZTT0.
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DEFENSE MAPFING AGENCY D
BUILDING 58, .5, NAVAL OBSERVATORY
WASHINGTON, D.C. 20305

15 MAR 1975

Mr. Charles W. Mathews

Associate Administrator for Applications
National Aeronautics and Space Administration
Washington, D. €. 20546

Dear Mr. Mathews:

On 13 January, representatives from the Defense Mapping Agency (DMA)
had the opportunity to attend a meeting hosted by NASA Headquarters
at which the results of the joint NASA-Cousteau experiment were
briefed. The-meeting revealed an impressive degree of success in
determining water depths in shallow areas by the use of LANDSAT data
taken in the high gain setting.

After lunch on the same day an informal meeting convened to discuss
the band selections for the thematic mapper planned for LANDSAT-D.

L wish to reiterate the DMA position as stated at this and previous
meetings.

In the near future we at DMA intend to test the techniques demonstrated
by the Cousteau experiment. If successful, we count on LANDSAT data
as a potential scurce material in a high priority survey project this
spring in the areas surrounding the Bahama Islands and the Virgin
Islands. Locking toward the future, we urge the retention of the
high gain mode capability presently available in LANDSAT-1 and -2,

and we naturally desire one band of the thematic mapper optimized for
water penetration. In selecting the center of this band, as well as
its width, please be guided by the potential use which hydrographers
see for its data. We expect to use LANDSAT tapes for shoal definition
in relatively clear water areas. In the typically more turbid coastal
confluence zone our surveys are of necessity taken at a larger scale,
requiring om scene boat or ship assets.
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While we at DMA recognize that "LANDSAT" cannot be considered a
misnomer, I trust that your configuration of LANDSAT-D will allow
us to continue to enjoy the serendipity that has fallen to coastal
hydrographers.

FOR THE DIRECTOR:

@%Q \l Gl
OWEN W. WILLIAMS

Acting Deputy Director
Systems and Techniques

ce:
Mr, R. Schweikart,
NASA HQ (Code EK)
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Mr. Charles W. Mathews
NASA Headquarters
Code E
Washington, D.C. 20546
Dear Mr. Mathews:
He have reviewed the preliminary project plan for the Applications Systems
Verification Test (ASVI) entitled, "Water Management and Control Project”.
1f successful, we anticipate significant benefits in our water management
ang control activities. The Corps has completed some preliminary work on
this test and has identified $150,000 to support Corps program costs for
Y 1977. We will be prepared to commit an additional $250,000 in ¥Y 1978
for implementation and training if the test indicates an effective applica-
tion.
Sincerely,
/.7 N
e ti:cdl 8277 :-3-'%___
KEXRNETE E. McINTIRE
Brigadier Ganecral, USA
Deputy Director oi Civil Works
CF:
““mdDr. Solomonson, Coddard Space
Flight Cntr
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* 1150 Seventeenth Street %Y Suite 600
#ﬁ' Wasnirgion, DC 20635
(202Y785-5600

Dr. James C. Fletcher

Administrator

National Aeronautics and Space
Administration

Washington, D. C. 203546

Dear Dr. Fletcher:
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August 16, 1976
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Enclcsed for your dinformation is o copy of a pelicy staremeac which
was adopted at the July, 1976, National Governors' Conference regarding

the Landsat Follow-on Frogram.

I belizve you will agree that the.

Goverficrs ars becoming dincreasingly aware of the valuable contsibuc.ions
already made by remote sensing technelogy as applied to the manapewent of

natural resources.

The Governors are mcst supportive of expandc: avpli-

cations of FERTS/Landsat data and appreciate the reed for continuing and
close cooperation between NASA and the States.

Enclosure
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1150 Seventeenth Street N W. Suite 600
**1‘1* Washington, D C 20036
(202)785-5600

LANDSAT FOLLOW-ON PROGRAM

The Governors are becoming increasingly aware of the significance and
importance of their timely natural resources management decisions. These
decisions are becoming increasingly complex and cifficult due to such
factors as growing competitive demand for resources, dwindling availability
of key resources, increased rate of resource utilization, the expanding
regional nature of decisions as well as resulting impacts, and the aecessity
to achieve the desired balance between economic well-being and environmental
quality.

State, regional and local resource managers are increasingly looking to
remote sensing techniques, and in particular the Landsat program, as an
important new technology that can make a significant contribution to the
information base required for improved resources management. The improved
and timely resource decisions resulting from the availability of Landsat-
generated data have immeasurable benefits. These benefits-include improved
resource management, maintenance of environmental gquality, and the reduction
of funds and resources wasted as a result of delay and litigation associated
with unresolved land management issues.

The Governors, therefore, resolve to support the Landsat follow-on program
and would welcome imagery of greater resolution in order to assure continued

and improved data for use in natural resources decisions by the Sta:les.
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National Headquarters 1405 President
Oflice Curtis Tom Jensen

Conference (303) 623-6609 Street House Minority Leader

23rd Floor Tennessee
of S?ate gg?o"'géo Execulive Dil:ector
Legislatures 80202 Far! 8. Mackey

September 13, 1976 Action Cﬂpy to ”___
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Dr. James C. Fletcher, Administrator Suggonse 2t e Y
Code A Prepare heply for -
NASA Headquarters ngnature ¢ ;
Washington, D.C. 20540 2 e e Neaa.

bear Dr. Fletcher:

I am pleased to Inform you that, at their Amnual Meeting in Kansas City,
on September 3, the members of the National Conference of State Legis-
latures approved a motion in support of a resolution urging Congress to
"assure the continuance of the satellite-based natural resources informa-
tion eollection by approval of the Landsat Follow-On Program.” The
resolution, as enclosed, does mot appear in our Final Report because the
meeting occurred after the printing of our Report.

For your own interest, the recommendations set forth in the Final Report
of NCSL's Task Force on Uses of Satellite Remcte Sensing for State Policy
Formulation are as follows:

—~—Congress should make a firm commitment to insure the
operational status of the satellite-based program;

——~the states should take the responsibility of prov1d1ng
some form of support for this system;

-—for an effective technology transfer process, NASA, in
its research and development role, should establish or
employ an agency or f£irm of an operational nature to
carry out this process;

-~both the private sector and universities should be
encouraged to attempt development of effective, inex-
pentsive data products for state use,

——-yegional user assistance centers should be established;
and

——it is dimportant to inform and update state legislatures
regarding the potentials and limitations of this tech-
nology system for their states.



Dr. James C. Fletcher
Page 2

The completed Task Force Final Report is being forwarded to your office
through formal contract procedures.

Thank you for your time and attention.
Sincerely,

.

Sally M. Bay
Project Director

SMB:pw
Enclosures

ce: Donald Goedecke
Acting Director of User Affairs

J. Hugh Nichols
Task Force Chairman
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WHEREAS, the National-Conference of State Legislatures'
Task Force on Satellite Remote Sensimg for State Policy Formulation
has conducted a six-month, intensive review of State uses and
tential uses of remotely sensed information;- and

WHEREAS, the Task Force has found innumerable State acti-
vities about which more informed decisions could be made with the
systematic availability of remotely sensed information; and

WHEREAS, these activities have included agriculture,
forestry, natural resources conservation and development, minerals
extraction and reclamation, energy conservation, air and water
pollution detection and many others; and

WHEREAS, much recent Federal legislation, such as the
Coastal Zone Management Act of 1972, has levied substantive re-
gquirements upon the States that can best be fulfilled by new and
expanded information; and

WHEREAS, the National Aeronautics and Space Administra-
tion's Landsat Program has provided data on a developmental basis
that has contributed to the States' ability to meet their expanded
responsibilitites under many Federal programs, and

WHEREAS, the National Aeronautics and Space Administra-
tion has proposed a Landsat Follow-On Program to operationalize
the data collection process of the Landsat Satellites; and

WHEREAS, this proposed Landsat Follow-On Program will pro-
ae for improved data collection capabilities as well as assure

continuance of the current process; and

WHEREAS, the National Conference of State Legislatures’
Task Force on Satellite Remote Sensing has found numerous State
agencies successfully using this new tool experimentally but
reluctant to make long-term commitments because of the uncertainty
of the future operational availability of data; and

WHEREAS, the National Conference of State Legislatures'
Task Force on Satellite Remote Sensing has unanimously approved a
motion urging Congressional support for approval of the Landsat
Follow-0On Program as well as urging active State support of that
Program; therefore

LET IT HEREBY BE RESOLVED, that the National Conference of
State Legislatures urges Congress to assure the continuance of the
satellite-based natural resources information collection by approval
of the Landsat Follow-0On Program.

Sponsored by Delegate J. Hugh Nichols, Maryland (for the Task Force)
Co-Sponsored by Senator James A. Mack, Arijzona and Robert Testa,
talifornia.
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Dear Dr. Fletcher:

At the quarterly meeting of the Executive Comnittee of the
Southern Growth Policies Board held im Tallahassee, Florida on
June 11, a resolution was passed unanimously supporting the con-
tinuation and improvement of NASA'a Landsat Follow—On Program.

I am enclosing a copy of this resolution as directed by the SGPB
Executive Committee.

Our experience in dealing with our member Southern states in
developing policies for the management of the South's land and
natural resources has given the Southern Growth Policies Board an
opportunity to observe the benefits of the Landsat program to state
and local government. Enclosed is a state-by-state summary of how

Landsat data is being used to support efforts to manage land and
natural resources in the South.

We believe that the utility of Landsat data and the beneflits
expected to be accrued as a result of its use are based om the

following capabilities and characteristics of Landsat generated
information:

(1) Tn numerous geographic regions the availability

'< of Landsat data with reasonable costs provides

Action COPy to —éi——*— the planners and resource managers with the only

info Copy to ~§i§;m—— existing coverage and cnables them to obtain. an
_______ injtial analysis of the land use activities and
___E;P_-_'f\_f\_ land capability of the area. Without the avail-

. ability of Landsat data, the cost of conventional

2ec’d In 7 ds T :GIE&L_ data would often be too prohibitive to permit

;nhii);‘ ”:;'E — data coverage and analysis of such arcas.
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FioLars ﬁﬁﬁiy for — more economical and effective mezans to accomplish

< ature of R resource planning and mangement functions which

are presently performed by conventional aerial
and ground surveys.
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~(3) Landsat provides planners and resource managers
with a direct source of timely and current data
which enables them to monitor the changes occurring
in a large land area in a frequent and systematic
manner. The frequency of repetitive data is a
new and powerful capability which improves the
ability of planners to moniter the dynamic nature
of certain natural resources and better appreciate,
compare, and coordinate the planning activities
of regional and local jurisdictions.

(4) Due to the inclusion of fewer system variables,
the Landsat generated product is more uniform and
standardized in all aspects and often more accurate
over extensive geographbic areas. The high level of
aggregation of Landsat data is also significant
in that it provides a uniform product to be uti-
lized at higher and broader jurisdictional levels
without necessitating the expense and time required
to aggregate detailed data often generated with
systems having varying technical parameters.

(5) As a result of its synoptic coverage, Landsat
provides a superior and more economical discrimi-
nation mechanism with which to identiiy and delimit
areas which are critical or in the process of change,
and require additional analyses using more detailed
survey techniques.

{6) The compatibility of Landsat data with computer-
implemented processing and classification techniques
and geo-based information systems enables Landsat
data to be easily integrated and analyzed in cen-
cert with other data. The implications of the
compatibility of Landsat with computer processes
are extremely positive and include reduced pro-
cessing time, timeliness, increased objectiviiy,
extraction of increasing information detail, flexi-
bility of scale and format, compatibility with
information systems and computer modeling, and a
capability to aggregate data at varying levels.

(7) Due to inherent characteristics of Landsat data
such as its synoptic view or its spectral perspec-
tive; it is capable of extracting new information
about the enviromment wvhich is not capable of beding
acquired by conventional techniques.
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Based on the experience of its member states with the present
Landsat, the SGPB firmly believes that it is in the interest of

the South, as well as the Nation, that NASA be provided with the
appropriate resources to build upon the very substantial progress
which it has made in recernt years toward the development of an
operational earth resources survey satellite capability. The
increased spectral semsitivity, spatial resolution and the improved
data distribution system will enable the using organizations to
extract increasingly detailed information about a greater number

of resources and receive the information in a timely manner. In
addition, a commitment to data continuity represented by the Landsat
follow-on program would encourage rescurce managers and user agencies
in the member states of the SGPB to have confidence in the duration
of the Landsat program and result in ap increased conversion to and
use of Landsat data to meet their legislative and programmatic needs.

Sincerely,

William L. Bowden
Executive Director

WLB/bz

Enclosure
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THE LANDSAT FOLLOW-ON PROGRAM

WHEREAS, the demand for and utilization of natural resources is comstantly
increasing due to an increased population and an increased rate of consump-
tion per individual, and

WHEREAS, the supply and quality of natural resources are finite, and

WHEREAS, the region and the states represented by the SGPB are experiencing
significant and rapid pepulation growth and development, and

WHEREAS, the SGPB has taken a strong interest in the proper management of
the South's natural resources and has identified specific recommendations
directed toward optimizing the regional growth and achieving the desired
balance between economic development and environmental quality, and

WHEREAS, there is a keen awareness by the SGPB of the significance, increasing
complexity and lasting impact of decisions which are made relative to the use
of natural resources in the Scuth, and

WHEREAS, the SGPB recognizes that an essential requirement for improved
decision-making and intelligent resource management is an effective informa-
tion base, and

WHEREAS, the SGPB strongly believes, on the basis of previous experience, that
the type of information obtained by remote sensing technology from the Landsat
program is extremely useful to the Southern states in providing the information
necessary for the analyses of their natural resources, and

WHEREAS, the SGPB member states have indicated a strong interest and intention
to use Landsat data to assist their resource management programs in the future
and has approved a resolution supporting the expansion. of the technolgy transfer
capacity at NASA's Earth Resources Laboratory in Slidell, Louisiana.

THEREFORE, the Executive Committee of the SGPB hereby strongly endorsés the
continuation and improvement of the-NASA Landsat system through the implementation
of the Landsat follow-on program and associated user assistance and technology
transfer efforts as a key step in the provision of improved and cost effective
remotely sensed information required by the states to effectively manage their
natural resources,.



.-

The resolution by the SGPB in support of the Landsat follow-onm program is
based on the knowledge and experience of state, regional and local resource
managers in the application of Landsat data to earth resource programs in

the South. The applications of present Landsat data have proven extremely
useful and provide a basis upon which to expect significant socio-economic
benefits to be accrued to the states of the Scuth as a result of the continued
availability of Landsat data.

i, 5 L nrton

William L. Bowden
Executive Director and Secretary
Southern Growth Policies Board

This resolution was adopted by action of the Executive Committee on Jume 14, 1976.
As part of the action it was determined that the resolution should be fowarded

to Dr.. James C. Fletcher, NASA Administrator, and to Mr. Herb Wiltsee, Southern
Governors Conference, for their consideration.
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liost of the member states of SGF3 are exneriencing an
accelerated rave of growth in population and the develop-

ment of associlated service and industrial Facilities. As

a result, the South has been extremely active in the application
of Landsat data directed to developing an effective

information base upon which intelligent resource.manageient

can be performed in preparation for the rezional srowth.

The applications of Laﬂdsat by the states nave Deen
diversi fied and include agriculture, coastal zone msna
forestry and vegezation, ;dﬂ& use planninr lana suit-
abllity ev albablon, 5011 end geology, vater resovrces
management and environmental monitoring. To provide

a synopsis of these activities, ithis docunznt will
Gescribe some selected applications which are being wade

of Landsat by a variety of states znd will present a Landse
activity profile of a sarnple of siates.

ement,

<
=

Several states in the South have developed or are in the

process of cdeveloping Landsati geo-based resource inforaation

systems wnlch iniegrate and combine Landsat data with

other convenrtional types of Gata such as sconomic, demno-
oI~

crapihlc and other natural rasources inforracion. This

tyne of computerized inforation sysiem is capsbiz of
aziresaecing, prioritizing, and analyzing the necessary
atirivutes of an area of interest for Tthe purwose of land
suitability analysis and land use pl"ﬁnln- The capobility
of Landsat to provide timely updates of land cover chanjes
L

to a resource infornation sysiem is a poweful tool .in
maintaining a current ialTorwation tase upon which to make
land plzaning decisions.

Tne statezs of Vississippi, Cecorzia, Texas and Alsbhana
are presenciy doveloning the Landssei based indormation
systzm czmsbllity. Wissisgirpl is compleving the dovelopment
of iis waturzl Lesources Inventory aad Infornatior. Jysien
which is bazed on a lerty acre cell and Croirsed o orovide
impreved Inlormeadion for timber inmventory fnd fmre-erang,
VELET quality onitorin:, vildlife hobitas cappins ond
a varieiy of other vses. The srysiew concents and elxiiais
ere speciiicialiy desicred for the siztle, recicsal and
local uveers. Thzy ccnsist of the vse of 31ip1ified »at.oen
rzeormition zoftwere suizsbiz for use Do jznerzl CUrhose
Pxital conraler, Jow-c0ST i .ce Cisrloo s, intrzoroded yoe
ot sasellite znd aircraft data, ond 2 oo 20114y S0 correlate
rralyze Tandsat dasa : Toanferanition,
a2 has Jecidel o u 2 lechael oy
2 LCG0 28 2 pert of Ik 3Lem =7 o only
the develortient of retol mat ool
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resources inFormation systam
data. Texas is uiilizing com
initially develoned for \ildl Te habitat m=apping to

develon & svecizlized Landsat based iInformation system

for vse in the Coastal Zone 'ana76ﬂent prozram which will

be ultimately inteszrated into the existing Texas Hatural
Resources Information System. Alabamz is also developing

a Tandsat bzsed land system which vill viilize a muliisource
base of Landsat data aerial photography and ground itruth
data. The sysiem will be directed Lovard Taﬁdscape change
detection, monitoring resource development, monitoring
forest and agiricultural practices, and monitoring environ-
nental impacis.

using Landsat generzied
“uter—implemenuec technigues

Lendsat data has been used by a number of siaie zZeological
surveys for terrain evaluation and as an undate to their

snowledge of geological sitructures in their state or

region. The geolozical uses of Landsat data in the 3South
have been successiully utilized for two basic purvoses:

(a) construction, revision or edit of zeologic maps, and
{b) sismificant input to mineral and petroleum exploration
stratesies, The vodate of zeologic maps and and the
associated increase in the knowledge of regional geology has
sirnificant. anplications in hazard assescnents, and

overall langd suitability analvsie. As an sramnple

Landsat date vas used as a significant conirivution to

a recsional site selection planning survey of the Jelmarva
Feninsula concerned vith Cetermining ¢ie ost connatible
location Tor the nocsible siting of ten nuclear power
plants in tne future. The sitins of the nlants vas eval-
vated on the basis of selected criiteria or carith resources
information.” ITaendsat dzta vas utilized as the 10st cconomic
neans to acqu1Le S1mu1a11v oriented data on four of thzse

-~

criteria: (a) vegetation, (o) larnd use, (c) surfzea

{

vater, and (d) linear Teatvres. Consi eratio:s ot -2olo’ic
stebilitl, are equally imporia ﬁ in the sitinT of daws

and aascelascd vater lwpoundicnis, and resideniial coarunities.
Tae z.zies of Tissourl and AlRbvame LAVEe ane exXizasive

a3z of Tndsac daizs 1 seoloric mmlicarions The Jlcocurd
Deovavsrent of llalturzal Desovrees oroefuveed a sLate ~roloric

noy and an associated mwineral rosovrce an in order Lo Droadlen
the effeciivaness of nineral cinlorasion in the staue,

Az a vesvlt of Tthe Lendsat a»liczilon, resional lincars

in the "lssouri lezd district wrere delirested vhich are
nosgible ~uidins crannels for locslizing tho oro lorosils,
Landsat déata of thz northern nalf of iliscouri nas Llen
sacticvliarly suvceessiul in defining Tthe 4isvrinitlcn and
Limits of moresines znd other Zlacizl danosilz. se
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of Dandsat dasa in this effort saved seversl man years

of worll in plannding prosrams which were desisned to mar
the characteristics of these devosits. In addition, %he
detection of e:xtensive zones of moisture were useful in
updating the knowledge of subsurface geology of the river
flood plain. fThe Alabama Geolosical Survcy developed a
statevide geologic linear map and used Landsat to monitor
extensive chanres to the 4labama coastline and up date
coastal zone maps.

One of the most poweful and new capabilities provided by
Landsat is the ability to monitor large geographic areas wi
revetitive coverage and detect 31*n1¢lcant changes occurrin
in land cover and subseguently land use. The state of
Ilaryland used this capability to detect and delimit the
development of built-up land use in the Baltimore-ifashinzton
corridor. The Sovtqwesb Florida Municipal Transportation
and Urban Developm eant & "ency used Landsat as.an information
source in the production of Zxisting Conditions Revorts

and Znvironmental Impact Statements that are nccessary

in supvort of power pWant licensing procedures.

ith
ng

The Virginiaditate ater Control Board is conducting a
pilot prosram vith DASA involving the inventory of land use
with Lancfszt and the evaluation of <the lwmnact of improper
land use on "@ter guality in Swift Creek Reservoir.

in addition, a number of counties in Virsinia which are
recivients of TTA section 208 Arcawide "aste Treatwent
frogram grants have contracted with ITarthlat Corrorqtion

to use Tandsat for the inventory of lznd use in the region
to determine the possible presence of pollution produCAng
land processes.

Onz of the most common apolications of Iandsat's capability
to detect cnanze in lznd cover is in the arsca of sirip
ining and land reclanztion monitorinzg., The staies of
naryland, Tennessee and Al:zbama have succcosfully ubtilized
Landsat for the strip ninins application. £c¢ an cianple,
the Stale of I'aryland enaczed a coal ¢irip nining law in
1967 which required the reculation, monitorins and reclznat
of strip nines To nerform its regulatory function, the
Taryiand ssate Sureauw of Ifines, needs Inforaatvion on

the location, sise and condition of cozl surface nining
areas. 1In order To obvain this inFormation, bthe 3ureau

of ilincs used coovuter-inplémented tecnnigues to identify,
classify end nzasure striz-nined lends in szgtern lnryland.
The Tandzat rvesed methodology is consideied vy The sureaun

of 1lines as an accurate, "a01d and cost-effzctive manrer

to provide an update and cross refercnce for field
deteramined nining ané reclemation Cazta. The averacge



accuracy of Landsat measured sirip mined lands was 23 sercent.

It must be strongly cnpnas1zea that the synowniic view and
repetitive coverage of LancCsat data often vrovides the
only economically feasible means to monitor a larse
geographic area and detect cnange on a freguent basis.
This capability will vecomes even nore significant with the
increased spectral sensitivity and swpatial resolution of
the ILandsat folliow-on program. GCnce information rslative
to This canability is diffused to the law and Dolicy
makers' level it will have an impact on the creation of
new legislation.

In order to provide a synonsis ol the Lzndsat aciivities
in some sawple S3PB member states, the following activity
profiles are presented for the sitates of Texas, Lovisiana,

and lilssourl:

(1) Texas
*A Stzte Remote Sensing Subcommittee has been esta-
blished by the Texas Natural Resouvrces Information
System (NRIS) Task Force to acrelop an integrated
and long range remote sensing plan for Texas as well
as vo handle daily requessis.
‘A Systems Central has been established zs the voint
of all user interface with the Texas NxIS. A subset
of this organization is devoted to servicing users
of rowote sensing data. To eflectively serve these
users, Systems Central has a direct terminal link
to the ERCS Data Cenier at Sioux Falls, South Dakota.
‘Using a TLAR3YS terminal, the Cffice of the Governor,
in conjunction with the Unwvc;s1cy of Texras conducted
a training program directed wovard the use of com-
vuter 1ﬂplem:nued claszification vechnigves. Approxi-
mately 70 peonle Irow siate and rerional federcal
acencies were treined during this pro: Lz, Follow--
on training nrograwmes have ura1uad an additionzl 33
svate people.

£S5 a resuli of Ccensressional lesislation s 'necifving
the inspection of dam safsty, Texas used Landsat

dzta as an 2id in the inveniory of 4280 dams esch
impounding 50 acre-feet or more of water. Tiith

an anmnual construction of 200 lakes, the Pzxzs Later
Develonrent oodrd is presaringe for a periodic
inven<ory vcsiate vsing ILznidsat.
+IMhe Tewas ?ﬁrns and f1ld1ife Tripariment develcped
thelr owm conmuter classilication algforiihms Lo perform
an invertory of wildlife habites in lne S:zle.
-Presenily, e Cgreral Lend CfTice is viuilizing Land-
sat data In the Texas Coasial Zone [arm_s1MENT rrocoan,
The compuier implemented classificalicr :echnigues
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developned Tor wildlife nabliiat mapping have been
converted and are being utilized, in an information
system context, for coaszaW Zone menazement.

+The Teras jater Quality Board is using Landsat dazta
to monitor land use in river basing and correlate
the land patterns with water guvality.

(2) Louisiana
-Landsat data were used by Louisiana state agencies
to record the levels of the April, 1975 floods
and to document Louisiana’s request for a major
disaster declaration.
*The Louisiana 0ffshore Terminal Authority has
initiated plans to vtililize Landsat data in moni-
toring construction and operation of the Louisiana
deepwater port and relsted land vse changes onshore.
'Louisiana, in concert with USGS and HASA is taking
steps to incorporate Landsat dazitz into the State's
land classification system,

(3) liissouri

.The Interdepartmental Council on Matural Resources

Information catalogs remote sensing cata, determines
ser needs and develops educational prosrams in

remote sensing.

»Mhe Missourl Devariment of Cornservabtion used Land-

gat daza, supplemented with aerial photography to

produce an analysis of timber Type ana production

votential, and an evaluation of wildlife and

recreation wotential in the Grand Platte River Basin.

Presently, che Soil Conszrvavion Service, the Univer-
sity of ilissouri Agriculiural =xperinent Station

and the Forest Survlce are usinz Landsat data To

develop updated general soils maps of the State.

‘Tandsat ddba is vsed as a vay of rsadily updating

land use changes and acsisting in verifyine any

rrediction trencs by ITissouri nlanners,

Tha [Jisscuri Geclozical survey has used Tandsat

dzva to vroduce a1 upfaied reologic mayp of the

State and a wminceral resouvrce inventory. In addition,

a pined lands inventory is cusrently being conducted

szt

L

with Lendsat datea.
The svecific references and activities relating o ILandsat
vere vnresented in this document to demonswrate the extent and
successiul natvre of Tandsat use Dy menber staies ol the 3CFRB,
in this comtext, 1% provides a detailed suzoorting document
to the SGPB resolution passed in sunrort of the Landsat follow

on prosram.
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1205 Washington Street 1T ¢
Vancouver, Washigton 98660
July 15 , 1976 295 696-7581

Dr. James C. Fletcher, Code A
National Aeronautics & Space
Administration

Washington, D.C. 20546

Dr. Vincent E. McKelvey ORIGINAT, PAGE IS

U.S. Geological Survey
Reston, Virginia 22092 OF POOR QUALITY

Dear Dr. Fletcher and Dr. McKelvey:

We are writing to express our pleasure at the results
of our joint Land Resources Inventory Demonstration
Project. The application of the techniques developed
under the project will provide our three states with a
new, more effective, and less costly source of manage-
ment data from space age technology - primarily Landsat.

We are now at the midpoint of the chree year project in
evaluating and demonstrating remote sensing over a wide
range of disciplines. Participation in the project in-
cludes over 35 agencies and 100 state and local persommel.
In the State of Washington, for example, major partic-
ipants include The Department of Natural Resources, The
Department of Game, and The State Office of Community
Development, which assists in coordinating local govern-
mental participants. Oregon participants include The
Departments of State Forestry, Water Resources, Fish and
Wildlife, Land Conservation and Development, Agriculture,
and Transportation. Idaho participants include the A.D.A.
Council of Governments and the Departments of Water
Resources, Lands, Fish and Game, and Agriculture. In
addition, the five major Northwest Universities are active
participants.

We believe the project is innovative and unique in both
scope and methods and will provide a pattern for other
regions. The following is a brief discussion of some of
the project's activities and results to date. Initially,
the project is exploring application of Landsat data in
five disciplines - forestry, agriculture, range, noxious
weeds, and urban development. The potential for both
moneatary savings and improved resources managenment in these
areas was expected to be high. The demonstrations to date
support this initial expectation.
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In forestry, Landsat data will assist in providing accurate
inventories of timber volume. In addition to modernizing
procedures that have been highly labor-intensive, thereby
reducing the costs of forest management, it allows more
timely acguisition of information on forest condition and
productivity.

For example, the Washington State Department
of Natural Resources is utilizing Landsat data
for a Western Washington Forest Inventory

(10 million acres). While this inventory
could have been accomplished by standard
methods within two years at an estimated

cost of $2.0 million, the current estimates
indicate that using Landsat data will allow

a comparable inventory to be completed in one
year at a cost of approximately $200,000.

In agriculture, an evaluation can be made of the extent of
irrigated versus non-irrigated croplands, and the crops
grouped by water use. This will contribute to more rational
and economical use of available water.

The Idaho Department of Water Resources is
using Landsat data for inventorying 4 million
acres of irrigated lands along the Snake

River. Existing data are up to 10 years

0ld, though spot updates have been made.
Approximately 100 people are now employed

to gather and evaluate data by present

methods. Utilization of Landsat will provide

a current data base for more effective manage-
ment, by monitoring change and providing inputs
into water resource models, thus allowing foxr
more effective utilization of the existing man-
power.

Landsat data is being used to help the livestock industry
reduce cattle deaths by identifying the location and spread
of Tansy Ragwort, a noxious weed.

The Oregon Department of Agriculture has the

task of inventorying and controlling Tansy Rag-
wort in the state. Tansy Ragwort infests some

16 counties in Western Oregon and 10 counties

in Western Washington. The losses in livestock
alone to this weed are estimated to between 1.5 -
10 millions of dollars per year. Remote sensing
is the only feasible method for effectively
identifying heavy infestations in remote areas,
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and monitoring of eradication methods.

For effective control the areas must be
monitored four times per year. The depart-
ment expects to utilize Landsat data oper-
ationally in the monitoring and inventorying
of Tansy Ragwort.

In the range discipline it has been found that data can

be provided for more efficient stocking and grazing practices
by determining range condition and productivity. Furthermore,
this information will contribute to a reduced disruption of
the ecological balance and improved preservation of wildlife
and big game recreational areas.

The Oregon Department of Fish and Wildlife

is using Landsat data in mapping wildlife
habitats. The specific application relates
to a five-year program to survey che summer
habitat of the mule deer. The population of
these animals has been decreasing. This
decreasing population may be due in part to
reduced summer forage. Approximately 1.5
million acres of rangelands scattered through-
out the state must be monitored. The Depart-
ment plans to use Landsat data operationally
starting July 1, 1976, specifically for the
mule deer summer habitat survey.

Finally, in the urban discipline, efforts are directed
toward a determination of the amount of the undeveloped
land within city boundaries and an assessment of the rate
at which urbanization is encroaching on prime agricultural
and forested lands. To the urban plannexr, this means

more efficient and economical land use. To the average man,
this holds the prospect of reducing urban sprawl and pre-
serving natural resouxce areas.

In Idaho, the Ada County of Governments is
using Landsat data to assist in monitoring
urban change. A recent survey to update
available data on the location and extent of
vacant lands in the City of Boise involved

15 full-time workers for a full year and cost
$70,000 using current methods. Annual updates
are desired. The same survey was accomplished
using Landsat data in one man-month as compared
to 15 man-years using current methods. Con-
parison of results from the two approaches was
within 987 accuracy.
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Additionally, there is an interesting and significant

side benefit to the multifacited nature of this project.

We believe it will greatly assist in the transfer of
technology to the states. We have involved that 'eritical
mass'' of individual agency participants that is a pre-
requisite to proving the overall value of Landsat on a
statewide or regionwide basis. It is that proof that will
encourage others to take advantage of the unique benefits

to be derived from Landsat. Because of the positive results
demonstrated to date, the Land Resources Inventory Task
Force is developing a plan for implementing an operational
system based on Landsat data. Careful consideration will

be given to a gradual implementation process which recognizes
the political and financial realities and limitations of
agencies, states, and/or regions.

As you are aware, the acquisition of equipment and changeover
to a new data base can be an expensive proposition, par-
ticularly for states. While increased capability (resolution,
etec.) is always important, the most critical element is con-
tinuity of data. Without assurance of continuity, states
cannot accept the risks of utilizing Landsat data as a primary
tool, wvaluable though it is. Accordingly, because we believe
the results to date have demonstrated conclusively the value
of remote sensing, the commitment to a continuous Landsat
program is essential to meet the needs not only of our region,
but of other states as well.

We would like to extend an invitation for you to visit the
Pacific Northwest to view for yourself some of the Landsat
applications.

Sincerely,

PACIFIC NORTHWEST REGIONAL COMMISSION

1 J Y
(x? 7 At g ‘ A ©
J‘:'ff-"""‘-ﬁ, f-{./ }f‘-’f !i!;mh-:w\:‘;?p "._T ',‘ T '
7
Governor Robert Straub jack 0. Padrick
State Cochairman Federal Cochairman
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3 TENNESSEE VALLLY AUTHORITY
I' 2

= KNOXVILLE, TENMLLSERE 37902 . . i
< Action Copy lo __tg_ﬁ__“
tnfo Copy to -~
June 22, 1976 Y A
T _Epa)
TR “6/30.
Dr. James C. Fletcher Rngilf“\ﬂ:;;,i _6¥€;
Administrator of NASA %GHUU -T;T:AJ e
NASA Headquarters, Code A uﬂSf?inj R iutate
Washington, D.C. 20546 Prepare Hesly for
Signature of e “

Dear Dr. Fletcher:

The Tennessee Valley Authority has made a commitment to implement an
operational earth resocurces information system which will enable TVA
to efficiently utilize spatial data for regional planning, siting,
and assessment activities during the 1980's. An anteygral part of
this system will be information derived from Landsat data. Our use
of the completed system will be in the area of broad natural xesource
planning, forest land management, forest industry siting, power
facilities siting, and environmental assessment work. IL is critical
to the current plamning and design phase of this system that there be
continuing availability of earth resources data from Landsat-type
satellites through the 1980's. Furthermore, there is a nced for
increased spatial and spectral resolution.

One of the recent successful uses that TVA has made of Landsat data
has been in the area of EPA 208 Watexr Quality Planning in cooperation
with the Knoxville Hetropolitan Planning Commission. Although
Landsat information was found useful for determining broad land-use
classes, Lhere was a need for finer spatial resolution such as that
proposed in the Landsat follow-on program of 30 meters. In urban
areas this resolution is eritical in pinpointing development problems
in settings where ownerships and land uses have a high degree of
diversity.

TVA has successfully used Landsat data in the past for determining

broad classes of forest types as an ald in preparing forest management
plans, To efficiently use this data, however, there is a need for

further breakdown of forest tvpes by species rather than the broad
categories of hardwoods and conifers. This will be possible through

the increased resolution proposed with the Landsat {ollow-on--particularly
the three near-IR bands,

Through both experimental and operational work utilizing our own
thermal scanner, TVA has shown the feasibility of using thermal IR
data for environmental monitoring of steam plants. An addition of
a thermal IR chamnel in the Landsat follow-on program should enable
TVA to more effectively detect and monitor sudden changes in water
temperatures across the Valley in a timely manner.

An Equal Opperlunity Employer

PAGE B
oAl
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Dr. James C. Fletcher June 22, 1976

TVA presently has a remote sensing section within its Division of

Water Management. Arrangements have heen initiated for imstitutionalizing
the mechanism, for utilizing Landsat data within TVA and with Valley
cooperators. The success of TVA's plamnning for an earth resources
information system is dependent to a large degree upon the commitment

by other agencies, such as NASA, to continue providing remote sensing

data in the next decade; i.e., the Landsat follow-on program.

Sincerely

¥
4,
: wu\C) AR S PN

John 8. Barron
Assistant to the General Manager
(Planning, Budget, and Systems)

CC: 1Mr., Russell L. Schweickart
NASA Headquarters
Director of User Affairs, Code EK
Washington, DC 20546
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STATE orF Uram

OFFICE OQF THE GOVERNOR

SALT LAKE CITY - s
: Action Copy to Z'_‘: 1;"_‘/"
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by T a
N/ WAL '/ﬁ_ o
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T “?{fra":.:
Dr. James C. Fletcher Rec'd in MASA _/zpddz s
Administrator of NASA /j// —
NASA Headquarters - Code A Suqmn${DmG “_éiy_T <
Washington, D.C. 20546 Prepare Reply for
: Signature of  aeeoeee
Dear Jim:

I am writing to convey the endorsement of the states
comprising the Federation of Rocky Mountain States for
NASA's proposed LANDSAT follow-on pProgram.

The Federation currently has underway a well-coordi-
nated NASA-funded LANDSAT project using a digital satellite
and ground-source data to conduct land use analysis. This
hew approach to acquiring and analyzing land use data provides
planners in the region an inexpensive and obijective source
of data for developing a regional land use inventory.

The proposed capabilities of the LANDSAT follow-on
program would provide additional benefits through increased
amounts of information supplied in more varied and usable
form and on a continuing basis. The vast expanses of this
Rocky Mountain Region unguestionably lend themselves to the
use of remote sensing techology. The resolution of new
problems facing thig region as a result of the energy
onslaught in the Rocky Mountain states reguires the appli-
cation of LANDSAT and its associated technologies.

Therefore, I am authorized by my colleagues in the
Federation to indicate our desire to see the LANDSAT follow-
on becone a permanent part of the federal government's data
collection efforts. This will allow our States the opportunity
to continually utilize this information as a part of our
planning and policy making process.

You will be pleased to know that our regions assessment
of the LANDSAT program as one of the most significant achieve-
ments of the U.S. space program is concurred in by the
National Governors' Conference which earlier this month
adopted the enclosed resolution at our annual meeting.

AR

Sincerely,

. 18
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LANDSAT FOLLOW-ON PROGRAM

THE GOVERNORS ARE BECOMING INCREASINGLY AWARE OF THE SIGNTFICANCE AND
IMPORTANCE OF THETR TIMELY NATURAL RESOURCES MANAGEMENT DECISIONS. THESE
DECTSIONS ARE BECOMING INCREASINCLY COMPLEX AND DIFFICULT DUE TO SUCH
FACTORS AS CROWING COMPETITIVE DEMAND FOR RESOURCES, DWINDLING AVAILABILI1Y
OF KEY RESOURCES, INCREASED RATE OF RESOURCE UTILIZATION, THE EXPANDING
REGIONAL NATURE OF DECISTONS AS WELL AS RESULTING [MPACTS, AND THE NECESSTTY
TO ACHIEVE TIE DESIRED BALANCE BETWEEN ECONOMIC WELL-BEING AND EHVIRONMENIAL
QUALITY.

STATE, REGIONAL AND LOCAL RESOURCE MANAGERS ARE INCREASINGLY 1LOOKING TO
REHMOTE SENSING TECHNIQUES, AND IN PARTTCULAR THE LANDSAT PROCRAM, AS AN
IMPORTANT NEW TECHNOLOGY THAT CAN MAKE A SIGNIFICANT CONTRIBUTION TO THE
INFORMATION BASE REQUIRED FOR IMPROVED RESOURCES MANAGEMENT. THE IMPROVED
AND TIMELY RESOURCE DECISIONS RESULTING FROM THE AVAILABILITY OF LANDSAT-
GENERATED DATA HAVE IMMEASURABLE BENEFITS. TIHESE BENEFITS THNCLUDE TMPROVED
RESOURCE MANAGEMENT, MATNTENANCE OF ENVIROMMINTAL QUALITY, AND THE REDUCTION
OF FUNDS AND RESOURCES WASTED AS A RESULT OF DELAY AND LITIGATION ASSOCIATED
WITH UNRESOLVED LAND MANAGEMENT ISSUES.

“THE GOVERNORS, THEREFORE, RESOLVE TO SUPPORT THE LANDSAT FOLLOW-ON
PROGRAM IN ORDER TO ASSURE CONTINUED AND IMPROVED DATA FOR USE IN NATURAL

RESOURCE DECISIONS BY THE STATES.
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Southern Governors’ Conference

3384 PEACHTREE ROAD, N E. s SUITE 610
ATLANTA, GEORGIA 30326

SECRETARIAT:

THE COUMNCIL OF STATE GOVERNMENTS
SOUTHERN QFFICE
A04/266.1271

October 15, 1976 Action CDDY ) __%%_
o Lo T g Ep

Py

bDr. Jemes C, Fletcher Rac'd in Ooar & L2 £

Administrator . CGIIL:OI MUineor _é_“,?:é—o

Nationzal Aeronauties and Suspense l:" a __‘/_.{2/,2_,&
Space Administraticn enty for

400 Maryland Avenue, SW P’G?""{B rr? UP{X A

Washington, D. C. 20546 Signatu _ -

Dear Pr. Fletcher:

It is my pleasure, as Chairman of the Southern Governors' Conference

to enclose a copy of that Conference's resolutions adopted September 1
in Williamsburg, Virginia.

I call atteation to Resolution No. 7, ''The Landsat Follow-On Program."

¥y hest wishes.

Slncerely,

/-ﬁﬁ/«m’vﬂ f'/

Governor of V:.rg:.ru.a

MEG/sek )
Enclosure . ; 4J-ﬁ_‘:&4
./-".ZLZ,L_...,
ﬁ «5? ‘7:}‘5}2 %&X"K
gLl m CASA AT 20-7
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And further, the Southern Governors' Zonfereuen urges the Congress, the
Administration, and the states to take steps to effect neaded coordinated public
transportation, to eliminate unnecessazy dupiication awong service providers, and to
improve public mass transit's effectiveness and efficlency.

6. PCLICIES TO IMPROVE AUALYSIS AWD REVIEW OF REGULATION
FROM THE Y. S. DLPARSHERT OF TRANSPORTATION

The U. S. Department of Transportation, Cffice of the Secrctary, on April 16,
1976 iasued new procedures to improve analysis and review of existing of future
regularions. These new procedures require divisions within rhe U.S. DOT to evaluate
antlcipated impacts of new regulations on all parties involved, to use thig evaluation
of new regulations to determine their desirability and to include a birief summary of
the evaluation and analysis in the notice of proposed and final regulations. Further,
any potentially costly or controversial regulations rust bz submltted 30 days din
advance of a notice or proposed rule-making to the Office of the Sccretary for
evaluation. Finally, each .division within the U. S. DOT must estsblish structured
processes for partles affected by existing regulations or grant programs Lo asSess
and recommend changes.

The Southemn Governors' Conference believes that the internal evaluation pro-
cedures for new regulations are a positive step toward minimization of promulgation
of unneccasary, burdensome, or poorly conceived regulations. These procedurcs may,
in the future, reduce the red tape and over-regulation of programs and prejects in
which the States participate. '

Tu addition, the Southern Governors' Copference believes the opportunity for
the States and other involved parties to assess and review existing rules zud
regulations to accommodate changing circumstances and conditions will be very beneficlal
for all parties concerned. This procedure will enhance intergovernmental relations
end permit the Federal govermment periedically to receive input from the actual
"implementors" or usevs of federol programs and find which rules, regulations, or graut
programs are or are not working and why.

The Southern Governors' Conference fully supports these concepts to reduce the
probability of unwieldy and umnecdad rules and regulations and compliments the
Secretary of Trensportation on his efforts to imolement thesc changes. The Southemn
Governors' Conference believes a tremendous improvenment in these procedures could be
achieved by permitting the States aad other involved parties to participate in initial
U. 8. DOT departmental evaluations and assessments of new regulations to completent
development of the states' participation in review of exdlsting regulations.

7. T LAUDSAT FOLLOW-Oif PROGRAM

WHEREAS, the denend for and utilization of natural rescurces 18 constantly
increasing due to an Increased population and au increased role of consumption per
dndividual; and

WIERZAS, the cupply and quality of natural resources are firite; and

TRITITA

IRTALAS, the Region and the States comprising the Southern Governers' Conforence
are esnericnceing significant and rapild population growth and development; and
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WHEREAS, the Southern Governors' Conforence has talken a strong interest in the
proper management of the South's natural resources and has identified specific
recomnendations directed toward oprimizing the regional growth and achieving
the desired balance between econonic developmernt znd eavirommental quality; and

WHEREAS, there 1s a kezn awareness by the Governors of the sigunificance,
increasing complexity and lasting impact of decisions which are made relative to the
use of natural resources im the South: and

WHEREAS, the Southern Governors® Confercnce recognizes that an essential re-
quirement for improved decision-making and intelligent resource menagemcnl is an
effective information base; and

VHEREAS, the Governors strongly believe, on the basis of provious expericnce,
that the type of information obtaired by rcnote semsing teghinology £ron the Landsat
program is extremely useful to the States in providing the information necessary
for the analyses of thelr natural resources; and

WHEREAS, the Governors have indicated a strong interest and intention to use
Landsat data to assist thely resource managewent prosrams in the future, and they
4

support the expamsion of the technology transfer capacity at NASA's Earth Resources
Laboratory:

NOY, THEREFORE, BE IT RESOLVED that the Southern- Governors' Conference hereby
strongly endorses the continuation and improvement of the NASA Landsat systom
through the implementation of the Landsat follou—-con progranm and assoclated user
assistance and technology transfer efforts as a key step in the provision of
improved and cost cflfective romotely sensed information requized by the States to
manage their natural vesources effectively.

8. CLEARTUGHOUSE OF CORRLCTIONS AND IMNTAL HPALTH TIFORMATION

Because of fast~brealing developments in areas affecting Corrcctions and Mental
Health systems, a valuable service could be provided states by the estahlishment of
a "Clearinghouse of Cerrections and Mental Health Information.” This hody could be
utilized by state policy-makers, adainistrative agency heads, Attorneys General and
others tc exchange information on such zreas as naw litigation, court rulings,
techniques in solving mutual problems, aud programmatic ideas.

The Southern Governors' Confercnce asks that its incoming Chalrmau explore,
and if found feasible, implement a mechanlsm to provide states of thiyu repgion with
needed Information concerndng new developments in the arca of Corrections and Hental
Health systems.

. RECFICTIVE STATE/LOCAL/YUDERAL ROLES IN RE30UPCE MANAGTHMENT

State and local goveroments have historicelly retained responsibility and
jurisdiction for planming znd monagement of the utilization sad development of
physical or land resources within the various states, that are held privately and/or
by state and local governmental units and entities.
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STATE OF ALABAMA

GOVERNOR'S OFFICE

MONTGOMERY
GeorGE C. WALLACE

GOVERNOR April 2, 1976

Dr. James C. Fletcher

Administrator

National Aeronautics and
Space Administration

Washington, D. C. 20546

Dear Dr. Fletcher:

The State of Alabama has always received outstanding support
from the National Aeronazutics and Space Administration and, in
particular, Irom the Marshall Space Flight Center in all mutuzlly
compatible programs. We are presently engaged in programs requir-
ing the use of satellite derived informatzon. Since Landsat 1, we
have used data made available to us in our state planning program.

It is difficult to quantify the benefits accrued or project
in terms of ceost savings because the availability of this in-
formztion on a recurring basis will allow us to do things we .
could not de otherwise. Some of these include landscape change
detection, monitoring resource development, monitoring forest
and agricultural practices and monitoring environmental impacts.

W2 are in the process of developing a land use system based
on Landsat data., This system will combine ground-truth data,
aerial photography data and Landsat data. This system is being
developed through the joint cooperation of the MSFC, Auburn
University and the Alabama Development Office.

While, as I mentioned breviously, it is difficult to quan-
tify the benefits received from the use of the Landsat data, 1
believe these benefits are significant. Development in the zarea
of land use planning is proceeding at a deliberate pace. But
cne of the many benefits that is difficult to pinpoint is the
development of land use planning skills within state government
through the effort of building such a system. I strengly sup-
pori the Landsat-C and the Landsat follow-on. I think both are
necessary and the inproved resolution will add greatly to the
utility of the information,

Sincerely,

enos Clalla .

George C. diMllace
Governor

GCW-r ' ORIGINAL PAGE IS
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STATE OF ALABAMA
éABAMA DEVELOPMENT OFFICE

GEORGE C.WALLACE R.C.“RED” BAMBERG wW. M. “BILL" RUSHTON‘
GOVERNOR DIRECTOR ASSISTANT DIRECTOR E
July 30, 1976 )
hatihae Action Copy to _..E..é--
Info Gopy o —&=Bse-
Dr. James C. Fletcher ":Z;‘"
Administrator Y

National Aeronautic & Space Administration e =
Code A L I _.6

o
{3

Washington, D, C. 20546 Cs - E=4ih
Dear Dr. Fletcher:! SL‘SQ oL °:g// -
Prepa s SN ZEE
I would like to take this belated opportunity to expreSiSBARGF Biief ————— -
thoughts and my support of the continuation of the "Landsat" program. For
several years I have watched the evolution and progress of this progranm.
In the beginning of this program the possibilities existed for the acquation
of information we have mever had before. The earth resocurces satellite
program was very timely. There has been a growing concern over the past
few years about our finite natural resources and the growth and development
of society. There is mo doubt that we do mnot have the information nor
the tools to acquire the information needed in dealing with future growth
and demand for resources. The '"Landsat" program offers us some renewed hope
in dealing with growth and development in the future.

Our first look at the picture like information from "Landsat' was
immediately useful in providing a new perspective of our State. These
products continue to provide a frequent overview of the area. However,
perhaps the most useful product from the preogram is the analysis potential
available through the digital tapes. Even though we do not have the
present capability in our office to work with the digital information,
there 1s no doubt that this could assist us in many functions called for
in our charter. This includes land use, and natural resources development
and planning, monitoring of urban growth, ete. In addition to uses by my
agency 1t appears that this same data can provide needed inputs to many other
state agencies in Alabama.

Recently I participated as one of six members of a technical subcommittee
to advise the National Conference of State Legislatures on the satellite
remote sensing program in state government. Enclosed is a copy of a brief
presentation I made to this group. The members of the subcommittee agreed
to discuss different aspects of utilization of the satellite acquired data.
From the briefing given, there appears to be a universal expression and agreement
of the many beneficial uses of the information derived from the satellite.

There also seemed to be universal agreement as to the reason that more
state governments have not takeh advantage of the satellite program. These
include as stated in the attached presentation:

D\_UTION,

‘,‘gmw
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3734 ATLANTA HIGHWAY « MONTGOMERY, ALABAMA
7rg1a™® MAILING ADDRESS: STATE CAPITOL*MONTGOMERY, ALABAMA«36130
(205) 832-6810
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1. The lack of a committment of the federal government
(NASA & Congress) to establish the "Landsat" program
as an ongoing or operational effort. If the states
established the capability, skills and equipment needed
for the use by states.of the digital tapes, there must
be more of a committment that a continual supply of source
data will be available otherwise in the present mode
(experimental) the states may be left holding the bag.

2. The "Landsat" program is still experimental, methods
of analysis and equipment are still being developed.
This also makes the states reluctant to establish one
of the present systems.

3. There is also an inability to develop an organized effort
at the state level to provide a framework inm which all
state agencies with experience, knowledge or need for
the use of the satellite acquired data, to pull together in
a common effort for the implementation of the analysis
techniques required.

There appears to me to be an important missing link in the development
of the satellite program for state govermnmentzl use. This is an intermediate
step in the transfer of this technology to state governments. The present
flow of technology is from a limited experimental mode directly to operational
systems in state goverrnment. This, in my opinion, is ridiculous to expect
state government to take this high degree of technology directly from experimental
procedures. Many states and state agencies including those in Alabama have not
even become comfortable with computers. I suggest that in the future NASA
consider the establishment of regional centers. Manned and equipped with the
technology needed to allow state governmental agencies to go to, bring their
own tapzs, and be able to leave with a usable product. After the states get
experience with the system and show what it can do, I believe they will establish
the system in their own states.

The ADO has for the past few years been involved in the development of a
system that has the capability of relating various types of geographic informa-
tion. It was anticipated that satellite acquired data would provide one of
the major sources of information. Even though we have not implemented the
system needed to provide the link for the satellite acquired data, it was
developed with this in mind. The analysis system appears to be working well
with data derived from other sources. However, the addition of the satellite
capabilities would make it much more useful.



Sincerely yours,
+

["’2,3’{,’-{/;:‘... /{ ‘\)_)L.._-u.
Wolfram U. Drewes

Resource Flanner

Agriculture and Rural Development
Department
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In summary, I again would like to express my support in the continuation
of the "Landsat" program and hope it will become an ongoing system.

Sincerely,

w.p S/

Walter B. Stevenson
State Planning Division

WBS/db

Enclosure /]t‘j/&@ ¥4
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CAN THE USE OF SATELLITE REMOTE

SENSING ASSIST ALABAMA TN OBTAINMENT OF ITS GOALS?

by

Walter Stevenson
State Planning Divisicn
Alabama Development Cffice
Montgomery, Alabama

for

The Task Force on Uses of Satellite Remote Sensing
for State Policy Formulation, National Conferénce

of State Legislatures, June 30, 1976, Annapolis,
Maryland.



CAN THE USE OF SATELLITE REMOTE SENSING ASSIST
ALABAMA TN OBTAINMENT OF ITS GOALS?

Can the use of satellite remote sensing assist the State of Alabama in
obtaining its goals? The answer to this question is yes and no. There is no
doubt based on my understanding of the technical capabilities that have been
developed, that the satellite can be useful in my state. There is also the
realization that it can not do everything for all people and interests.

Some of the varied applications I foresee as useful in Alabama include:

1. 1land cover identification and change detection;

2. strip mine applications;

3. pollution idéntification, this application appears to be marginable
with existing sensors, but those planneq for the future séould make
this application one of the most interesting;

4. forest inszct and desease detectiomn;

5. wetland mapping and monitoring;

6. erosion detection of coastal area;

7. geologic applications;

8. natural disaster damage assessment; and,

9. other applications.

In specifies I will duscuss several of the interesting applications that

have been made in Alabama. Many of the applications of satellite acquired
informapion are common among the states for example land cover identification

and change detection, strip mine applications, etc. Some of which will be

* <

discussed by others here today. Therefore, I will not go into these except
to say that most appear to be usable and helpful to the requirements for

information needs in the State,



Alabama for several years has been interested in the applicatioms that
might be made with the data acquired from satellites. The Geological Survey
of Alabama has been a leader In the use of satellite acquired data in Alabama.
In 1969, the Geological Survey of Alabama used images from the Apollo 9 mission im an
experimental mode to determine if this type of data could be of any use. Several
Important uses were identified from this data. Perhaps the most important
finding was the location of relatively straight, long, lineaments that were
unknown before this type of source material was avallable. Lt appears that the
lineaments "reflect topographic and vegetative differences, which in turn may
be related to the fracturing of the bedrock." The Geological Survey of Alabama
determined that a relationship existed between the location of the lineaments
and the location of high yisld springs and wells. This provided a link between
the data acquired by satellite and the conventionally derived information on
water yields. This type of application is extremely important to the overall
development of the State, It is impossible to place a dollar figure on this
type of use., It identified the occurance of geologic conditiomns that we did
not know about before the satellite and it would most likely have been years,
if ever, before this condition was discovered.

One of Alabama's most important Goals is to raise the per capita income
of its citizens and broaden its economic base. The location, availability of
and understanding of our water resources is a major contributing factor to this
goal. The satellite acquired data can assist in the identification of new soutces
of sub-surface water supplies.

Another interesting find relative to the identification of lineaments in
Alabama was the presence of a lineament that passed directly across the site of

Logan Martin Dam (15,000 acres.) For many years there had been leakage at this
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dam site, All efforts to stop the leakage have failed. After the lineament was
discovered various tests were made that confirmed the existence of an interconnected
solution featur; that coincided with the location of the lineament. The
Geological Survey now believes that this leakage was caused by "preferred
dissolution of the dolomite of the underlying formation along a fracture zone."

There is a great deal of interest in using the satellite acquired data
in future investigation related to the siting of major facilities such as dam,
power plants and bridges. This type of use like so many more is an example
of providing new information from which hopefully we will be better able to
plan the development of the state. There is also the possibility that this
type of information can prevent potential disaster such as dam failures.
We had 2 major break in a new dam a few years ago. The final decision on the
cause has not been determined. In the dam break in Alabama luckily there
was no loss of life; however 18% of Alabama Power Company's hydrogenerating capacity
was lost. There is no telling when this facility will be rebuilt. With
the continued increase in urban growth in areas of potential damage and the
increase in the need for energy facilities there is a corresponding increasing
need for new methods and effort in facilities siting.

Another interesting application of satellite acquired data was the
delineation of the length of the coastline of Alabama. The Alabama shoreline
is constantly changing. Conventional methods-do not fulfill the repetitive
and time factors required. The recorded length of the coastline is
important to the State. Until recently the methods most often employed were
related to the measurement of the shoreline length from existing maps. These

maps or charts are not often updated and ‘the methods used and the scale



of the map, makes a realistic measurement virtually impossible. Official
records indicate that the State's shoreline was about 350 miles in length.
Through the use of Landsat computer compatible tapes a method was developed
that can accurately determine the shoreline length. This method yielded

a length of 811 miles compared to about 350 miles using conventional methods.
This method will also yield the identification of areas of change in the
shoreline by comparing different time frames and using the consistent methods
of analysis. This use has a potential application of being used in the
allocation of funds for coastal management,

The last application I will mention is one that has not proven completely
possible through the use of the existing satellites, however, the capabilities
proposed for the Landsat follow-on beginning in the 1980's will make this
application possible. The use that I am referring to is the detection of
the Pine Beetle in the pine forest of Alabama. The Pine Beetle is an
insect that boars under the bark of the pinetree and in a short time is able

to kill the tree. The Pine Beetle can produce as many as five generations- in

a single year. This insect has been called the most widespread and destructive
inseet in the South. It particularly likes the loblolly, slash and the Virginia
pine stands. The only effective control is the detection of effected stands
of trees and immediate removal of the tree.

The key to the effective control is the prompt detection of the beetle.
Within Alabama we have about 70% of the total land area covered in forest
and the majority is in pine. The forest industry is one of the largest in

“

the State. It has been proven that the use of color infrared photography

from an aircraft platform was the most useful method available for the
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detection of areas infested with the Pine Beetle. But it is economically
impossible to get the large scale repetitive coverage needed to use this

methed of detection. An attempt was made to see if the existing Landsat

data could be used to overcome this problem. The tests results were marginable
with. existing Landsat capability. However, it is felt that the additional
capability proposed in the satellite system proposed for the 1980's will provide
this capability,

In- the above comments on specific uses of the satellite data in Alabama
I have tried to focus on some unique uses being made by state agencies to
state problems- I have neot gone into detail on the more common uses such
as land cover identification, strip mining, wet lands monitoring and other
applications.

Currently the agencies of the State of Alabama have not been able to
develop an ongoing satellite data analysis capability. This can be attributed
to several reasons including:

1. .The lack of a committment of the federal government to identify

the satellite programs as an ongoing or operational effort. If
the State established the skills and equipment needed for the
operational use there must be more of a committment from the
federal government that a continual supply of source data will be
available. If the state were to go ahead and establish this
capability and the satellite program were ¢ropped then the
expenditure and training of people would be of little use.
2. The satellite program is still experimental and methods of analysis

are still being developed. This makes states reluctant to establish



one of the present systems.
3. The inability to form an organized effort at the state level to
provide the framework for all state agencies to support a single
facility. There are several agencies in Alabama with experience or
knowledge of the possible uses of the satellite acquired informatiom,
however, to date the conceraned agencies have been unwilling to pull
together in a common effort. This problem may socn be resoclved by
reorganization within state government.
In closing I would like to state that efforts are currently underway
and nearing completion to develop an automated method of relating the information
that can be derived from satellite acquired~sources with information from
conventional methods. This is being undertaken in the Alabama Development
Office as a first step in anticipation of dintegrating the satellite
information inte the state plamming process as an ongoing effort. If we
are to cope with the existing and future problem of growth, resocurces
production, pollution, etc. we must look to better ways to acquire information.
The continueation of the Landsat program can greatly assist State government

in this endeavor.
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pear Dr. Flelcher:

1 have been asked by Dr. 2. E. LaMoreaux, Stale Geologist, to respond
{o your request for comments with reference Lo the sensing capabilitics of
{her plnnned Landsat-C follow-on {Landsal-D). Aly comments address the
general requirements in geology, hydrogeology, and associaied disciplines.

'The speetral bands and visible band spatial resoluiion listed on the
altachment appear adequale for our needs. The need {or the 0. 80-0.91
mleromeler near-IR bands is not clear to us, as most of that information
will be available in the 0.74-0.80 micrometsr band,

The 36-meter resolution value will be adequate if this figure represents
normal contrast rather than high contrast scenes in the visible channels.
Jdeally, we are looking for resolution on the order of 10-12 meters bul
yealize the technical problems in handling such a quantity of data. The 120-
meter JR resolulion in the two thermal channels is still inadecquate but is a
proeaf improvement over currenily available thermal data from meteorological
anlelltlos.

The 11:00 AR Local Solar Time pass should be shifted (o either shorily
afler mid-dav or midnipht al which {ime maxtmum temperatura exeursions
shedd he observable (o suppord thermal inerlin studios, However, such a
titne woald not be best for the vigihie chinnel, ae ceolooicnl interpretation
benelits from fov sun anade seenes,  We suspeet that {he 11-00 AM pass Lime
v prohably o Ceade-ofl Bat 18 may comprennie the value of hoth ehannels,
Pethops the fwo chamels shoald not be earried on the same platform ¢
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Tinally, the Geologieal Survey of Alabama reecommends that co-
ordinated field work be funded o strengthen the analytical or inter-
prelive link in the sysfem. NASA's technology can benefit the user
only incoiar as the geoscientist can use the data,. and it appears
that this link is the weakest. The State level should remain involved
in the salellite Imagery program and [ield datla gathering is best
“done al this level. We appreciate your interest and welcome the
opportunily to respond to this request, which came 1o us through the
Earth Resources Olfice at Marshall Space Flight Center.

Yours fruly,

v / s
RO ST i Lty -

P —_—

C. Danicl .Sapi), Chief *
Remote~Sensing/Topography Div.
CDS/pyc

Attachment

xe: Paludan, NASA

C. T.
F. L. Doyle
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Conter for P.O Box 1247

Environmentai Swdies Huntsvile, Alabama 35807

March 24, 1976

Dr% Jam?s C. Fletcher, Administrator

National Aeronautics and Space Administration OR

Washington, D. C. 20546 OFIg(%gLQPAGE I8
UALITY

Dear Dr. Fletcher:

Associates of mine at Marshall Space Flight Center have asked
that I comment on the Landsat € Follow-on with regard to its appli-
cation to hydrology.

The 10.4 - 12,5 micron band seems to have the best potential
for use in ground water hydrology. Although its 120 meter resc-
lution is rather broad, the thernal infrared imagery could be a
valuabTe tool Tor msking subsurface interpretations in ground water
hydrology. The same band could also be useful in surface water hy-
drologic studies, especially where thermal plumas enter Targe standing
bodies of water.

If a finer resalution were possibie (say 40 to 60 m.) that would
be highly desirable for the ground water work, but even as presentiy
specified the thermal imagery seems worthwhile. I hope it will be
incTuded. )

Thank you for the boost to research that space technology gives.

Cordialliz?
F. L. Doyie{iﬁzz?/é%
Adjunct Professor of Hydrology

fiction Copy to *_.é_-_.._
Info Copy to  -£L./24,
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ROBERT W. HIATT
PRESIDENT

UNIVERSITY OF ALASKA Acticn Cepy to %/E ?
to

OFFICE OF THE OS2S 0D = r e
FAIRBANKS, ALASKA 9970 into C(‘r,j ______ - 1
Tuly 7, 1976 =<
fac'd in Cods £ __LLLS
Contro! iumbsr _E-d2s
Dr. James C. Fletcher, Administrator Suspense s 3
Natronal Aeronautics & Space Administration Prepare ﬂsply for
Washington, D. C. 20546 Signature of ___ﬁ__

Dear Dr. Fletcher:

I want to lend my support to a NASA program that is important to the
University of Alaska and the community it serves. Tremendous benefits from
the earth-resources program have accrued to those agencies, both federal and
state, which manage and control the resources in Alaska, and also to privafe
industry whose activities develop these resources for the benefit of the nation.
The attached list of agencies that cooperate with the University's Geophysical
Institute in applying ERTS and Landsat data testifies to the ready market for

data presently generated by NASA's earth-resources program.

It is highly desirable that we maintain our momentum into the 1980's
with an improved satellite data acquisition system designed for operational use oI
earth-resources data, analogous to the routine applications presently being mace
by the National Weather Service for meteorological satellites. Improved sensors
‘n an earth-resources satellite plus a network for the speedy dissemination of t-e
space-acquired data should be on our drawing boards now. I am gratified to learn
that NASA is preparing to do this, so that we may look forward both to continuity 1n
geographic coverage and to improved sensors.

At the University of Alaska we have watched with interest and approval the
growing maturity of your technology. Like any institution with demands that exceed
available resources, this University must closely examine all proposed prograr.s
in instruction and research to ensure that each activity meets a continuing demand.
Because of the importance of space data to the geology of Alaska, we have recertly
added two courses of instruction in remote-sensing techniques to the geology
curriculum., Further, to meet the demand for data reproduction, analysis and
interpretation, we have recently committed ourselves to adding two more professional
staff specializing in remote-sensing applications in ecology and applied researc™.

These are in addition to the three faculty and professional staff membexrs in this
field.

ORIGINAL PAGE IS
Of POOR QUALITY



UNTVEBRSITY OF ALASKA

F~ tcher, Dr. James C. July 7, 1976

Certainly, we believe in the future of remote-sensing tectnology as applied
to the management of resources, The University of Alaska *tas extended itself Lo
accommodate this growing new technology that shows great promise for Alaska and
which has already yielded gratifying resulte. The University 1s pleased to endorse
and encourage the plans for the NASA follow-on to the Landsat program.

I wish you every success,

Sincerely,

Ol .Gzt

Robert W. Hiatt

President
RWH:dm
Enclosure
. PLL 422
cc: Dr. Mather Action Copy to "*E""'Z‘

Info Copy to - L (14
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Cooperating Agencies
Federal Government Agencies Other Organizations

U.5, Army Corps of Engineers Kross & Associates
USDI/Bureau of Mines Woodward, Lundgren & Associates
USDI/National Park Service Alyeska Pipeline Service Company
DOT/Federal Highways Administration CH_M/Hill Alaska, Engineers
DOT/Federal Aviation Administration Lost River Mining Corp., Ltd.
U.S. Air Force/Alaskan Command Humble 0il & Refining Company
U.S. Coast Guard Woodward-Envicon Inc.
USDI/Bureau of Indian Affairs Environment/Alaska
USDI/Bureau of Sport Fish & Wildlife Resource Associates of Alaska, Inc.
USDI/Alaska Power Administration U.S5. Steel Corporation
NOAA/Auke Bay Fisheries Laboratory Marathon 0Qil Company
NOAA/National Weather Service Tanana Chiefs Conference
NOAA/Environmental Research Lab NANA Regional Corporation
USN/Naval Arctic Research Lab Arctic Envirommental Information
Federal State Land-Use Planning Comm. & Data Center
USDA/Soil Conservation Service Fisheries Extension Service
USDA/Forest Service Northland Wood Products
USDI/Bureau of Land Management Gulf 0il Company

Atlantic~Richfield Company
Shell 0il Company

Regional & Local Government Agencies Exxon Production Research Company
Boston Museum of Science

City of Nenana Union Carbide Corporation

City of Fairbanks Doyon, Ltd.

Fairbanks North Star Borough Calista Corporation

City and Borough of Juneau Alaska Travel Publications, Inc,

Greater Anchorage Area Borough T "INEXCO Mining Company

Kenai Peninsula Borough R & M Engineering & Geological

Ketchikan Gateway Borough Consultants

Matanuska-Susitna Borough AMAX Coal Company

North Slope Borough Enplan Corporation

BP-Alaska Ltd,
Bendix Field Engineering Corp.

State Government Agencies Imperial Oil Co.
Dames & Moore

Department of Highways California Institute of Technology/
Department of Fish & Game Jet Propulsion Laboratory
Department of Education/State Library Chugach Native Corp.
Dept. of Natural Resources/Gecl. Survey Environmental Research & Technology Inc.
Dept. of Natural Resources/Div. of Lands Univ. Washington/Remote Sensing
Dept., of Economic Devel./Indust. Devel. Applications Lab.
Dept. of Public Works/Div. of Aviation R. W. Voss & Associates
Dept. of Environmental Conservation Placid 0il Company

Office of the Governor/Planning & Research
Department of Public Safety



JAMES A. MACK REPUBLICAN WHIP

PISTRICT 27 COMMITTEES
AGRICULTURE. COMMERCE & LABOR
FSTATE CAPITOL - RENATE WING NATURAL RESOURCEE
PHOENIX, ARIZONA 85007
. ] ITI-Cc{3~1}
Artzona State Senate
FPhoenix, Arizona
July 6, 1976

Dr. James C. Fletcher

NASA Headquarters (())1113 IGINAL PAGE IS

Code A POOR QUALITY;

Washington, D.C. 20546 !

Dear Dr. Fletcher:

After looking into the complete program of Satellite
Remote Sensing, it becomes apparent its capabilities

are much more than most legislators, who are not general-
ly informed of the program potential, realize or seem to
care about,.

I sincerely hope you will do all possible to keep this
valuable resource available to us at a state level.
Please let me know if there is anything I may do to
help you in this important effort.

Having been involved in natural resources areas in

the State of Arizona where the NASA Satellite Remote
Sensing program was a pilot project, I know from first-
hand knowledge of state agencies who have utilized the
information as to the inestimable value of the services
and performance that has been delivered to us here in
Arizona.

I feel sure that as knowledge of the program and its
potential becomes more widespread, more uses will be
found for its capabilities.

Sincerely, ) Action Copy to “é_jﬁ_
S | nfo Copy o~ A,-4.0;

. EK -
fames A. MackAction COPY 10 mepmnx C 474 5 BLA,
SEI;:Z Sena‘igr]r?{o Copyp¥o __E. £D ﬁ ‘;7 7L B8

_ER

S Suspense Date _ZQEZ:?é
Rreld in £~ [ _E‘Jﬂ'fﬁ(a Prepare Reply for
Corrt 1. .o Bt Jignature of - Lreen
Sue g8t =08
Prepare ©oxly for
Signature of ..--E...
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-STATE QOF CALIFORNIA—RESOURCES AGENCY

DEPARTMENT. OF WATER RESOURCES

BOX 388
RAMENTO
95802

EDMUND G BROWM JR, Governor

(916) k45-9248 Action Copy to __%ﬁ-—
info Cepy o ——E57

_ED>-M

Ef__

e vl -
Cortog! Mo abs. o 24

Syspengs Dol - 2.
Preszre Reply 157 £
Siznature 6f  --tT—m-

Action Copy 10 —f=——5—
JUL 12 1976 Info Copy {0 /?c.t%L_
f-377 /60 A
Honorable James €. Fletcher Rec'd in NASA .Z*_Z..:Zé
Administrator 7' ﬁ‘ 217;
National Aeronautics and Suspense Date £=<-

Space Administration
BOO Maryland Avenue
Washington, DC 205

Prepare Reply for
&SSW : Signature of -.._é._..

Dear Dr, Fletcher:

The Department of Water Resources is greatly interested in parti-
cipating in the National Aeronautics and Space Administration's
(NASA) Water Management and Control Project, Application Systems
Verification Test. We have been very impressed with the progress
made by the Space Sciences Laboratory (University of California
at Berkeley) on the related NASA funded project titled "Inventory
of Irrigated Lands for Selected Counties Within the State of
California®, Projects such as this, which focus bn specific user

needs, wmust be undertaken to evaluete the operational utility of
LANDSAT imagery.,

It is very limportant that the Department of Water Resources
participate in the examination of opportunities for utilizing
satellite imagery for land use information collection. We have
a contlnuing program of land use data collection, currently
funded at about $350,000 per year. We are interested in any
new techniques and procedures which may increase the effective-
ness of our program. In addition to meeting our needs, the data

produced are used by many other governmental agencies--local,
state, and federal.

AGE IS
RIGINAL P
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Honorable James . Fletcher
Page 2

JUL 12 1976

We hope that the Water Management and Control Project, Application
Systems Verificatlon Test, is approved and that we will be allowed
to participate in this test.

Sincerely,

flerad, f1

Ronald B, Robie
Director

ce: Mr, Russell L., Schweickert
User Affairs O0ffice
National Aeronasutices and
Space Administration
EX Federal Office Building 10B-Room B236
400 Maryland Avenue, SW
Washington, DC 20546

Mr, Jerry Deerwester

Ames Research Center

National Aeronautics and
Space Administration

MS 2424

Moffett Field, CA 04035
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STATE OF CALIFORMIA—BUSINESS AND TRANSPORTATION AGENCY

PEPARTMENT OF TRANSPORTATION

TRICT 7, P.O. BOX 2304, LOS ANGELES 90051

EDMUND G BROWN IR, Governo.

June 28, 197¢

Dr. James C. Fletcher

ORIG
Administrator of NASA O pgggr’ PAGE 13
WASAH Headguarters, Code A QUALITY
Washingbon, D.C. 20346

Dear Dr, Wletcher:

We have been informed by Dr. Nevin Bryant o

L Jet
Propulsion Laboratory on the pctential land use data pro-
duckts available from the proposed Thematic Mepper satelliles.
cur planning process could definibely benelit Irom the
availability of such products. We would encourzge the
continued work and development of these remote sensing
systems,

Sincerely,
) (A £
o . W—{_,/ A“ . C 'iO ~ -
DY A. DOVE, Chief 1n,tion A )
Transportation Planning nfo Copy to 7f“ =
LARTS Branch W e FEE
ﬁ,;éﬁgj ADK -
aap G
. T = - hee'd in NASA T2 A
Action {:‘GDY i ) 7‘ /¢7£
info Copy ®@ - Tysponse Date /200~
"'ﬁ"{d’ deapare Reply for )
s Signature of - Foe—-
LT R Ay
atai, |I. q.:‘r - 3 -
N T T

?'éparc Loniy ol E
Signature of  --Fr--=
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State Heprasaniatuve
GERARD FRANK

COLORADO JES0 E, Bth Ave.
wrora, Colo, 800190
HOUSE OF REPRESENTATIVES
STATE CAPITOL ~raasgogiat.on and

Energy Sommittee
Hember of:
Apnropristions Committee

DENVER, COLORADO 80203

Centannial State

wadigiary Commities

August 20, 1976

Mr. James C. Fletcher
Administrator

N.A.S.A, HQ Code A
Washington, D. C. 20540

Dear Mr. Fletcher:

I understand that you wish an expression of opinion about whether the
TANDSAT Follow-on program would be of value to states.

After reviewing the proposed technical capaciiies of the szt tellite
with individuals in seversl departments of Colorads's government and with
individuals in several regional organizaticns, I concinde that 'C 2 follow-La
program would be of great value in Colorado. I have appended z list of uses
for which the data gathered by LANDSAT ¥ollow-on wouid be J_r.m::aavelv useful
to meny ongoing progrars, and would be of perhaps evexn g:eaveL vi.te to
several programs likeiy to be inaugurated by the legislaturs in tie near Iuture.

My investigation also leads me to conclude that a majo.s irpzdiuent to
effective use of remotely sensed data is a lack of waderstinaing on the part of
the operating personnel in our civil service about the availability
of these data and the ease with which they may be used. I respectiully
urge that the program ;nc,ludp a greater commitment to communicating the
capabllities of the progran to potential users than exists Za the present
LANDSAT program. ’ // 7

Very trudh
/4

2,
/ Gerard V. Arank
GVF/1r
i ; r‘ﬁc: £ copy v b At
ce Governor Richard Lamn infs Doav 10 S /)
Mr. Phillip Schmuck, Division of Planuing VR ? /4 v
Mr. Iou Canpbell, 3taie Csrtographer ; - g
Mr. Tom Nussbaum, Covernor's Office /j A F f % /Cfl— /j
Ms. Sally Bay, Natlona.l Conference of State Legislature Lo
File, legislative Council Tac'e in NA X - 30
T i tat ~ Susperee ote Z'_./ 7
1. page, List as stated abova, Sranace Rej MJ ioi -
Signatire of L AT
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State Level

- supervising mined laand reclamation (%)

-~ confirming siting for energy facilities (*%)

~ inventory of noxious weeds (*)

— predieting revenues based on more precise crop forecasts (%)

- determining sites for ciie or two major airports and several minor ones (%)
- data for a state level recreational resources plan (*)

- Identification of agricultural land to be aiforded special preservation (%)
- inventory of water resources (%)

Roo onal (h’h11 +i...co1u\-~+"\ 1 er-.:;'!

LSS0 gl k¥ J AT TL

- all of the uses at the state level, scaled appropriately for regional use (**)
- water guality management, particularly of non-point sources (%)
-~ better collection of empirical data on flooding (if technically feasible) (*)
— collection of regicnzl scale data on the spread of CT various

types of pollutants from Denver in order to establask an aporcoriate

ground network (%)
- changes in the extent of urbanization (¥)

(*) irdicates data required by an existing state or regional Jrcgram

(**) 1indicates data needed for a program which has passed at 1ez3T one
chamber of the legislzture on two occasions in the past four Jears.

Actior Copy o _ \-

infa Copy 1 B

@b s e
; =, &

2
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AP W el ma RS Rimn

o
Rec'd T Cota & "0
Control Number £ 850
Susperse Dalg
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STATE GF SLORIDA =3

OFFIC: OF GOVERNOR REFFBIN C') AbKLW o Ay

~3
T

: ,_,_,.L' 5-
July 6, 1976 o woven

RO VR 0
Dx. James C. PFletcher, Administrator
National Aerorautics and Space Edministracion
Room 7137, Federal Office Building &
400 L.aryland Avenue Southwest
washington, D.C. 20546

Dear Hr. Fletcher:

Tt is a pleasure to advise ou oI our suppcest for
the proposed NASA LANDSAT Program as outlined in your
meeting with representative: of interested State .¢ancies
on June 2, 1976. If it is rossible and consisternt with
national security orecauticrs, we would sanport and welcore
even higher resolution imagzry than is currently pooposcc.

Attachad are comments from various otate acencles
and several interested universitv nrofessors responding L0
the Division of State Planning andé stacting the ag-uacieg!
persvectives of LANDSAT and its pousible use in ¢ifferen.
governmental programs.

As Crairman of the Scuthberas Growch Policies Boasd,
I have also enclosed a cowy of the Board's resolwcion ar
supwort of this vrogram.

Wwith kind regaxds,

e
Siancerely, .
: . I
GSoverncr:
St
ROA/Efrs A :“r""" cr L
Ao, Ly - :
/'} ;-I - "‘;\\ i’; _/Li__,__ﬁ__gi_/:(
Enclosures i~ Y E A A Y
] LIz - ’F 7:.. b /"1 f../ l- > i !:- e
z 2 : - ~ M/ - [ ——
cc: Ir. Russell L. Schwelchart ;;,, I 5 Y {J'
Assistant Administratces, NAS- -Eb“'jf"
“ e hL I T fa
L", ) . v . T e b A B
¢ : ?
IS - ST S 1
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RESOLUTION
IN SUPPORT OF
THE LANDSAT FOLLOW-ON PROGRAM

WHEREAS, the demand for and utilization of natural resources is constantly
Increasing due to an increased population and an increased rate of consump-~
tion per individual, and

WHEREAS, the supply and quality of natural resocurces are finite, and

WHEREAS, the region and the states represented by the SGPB are experiencing
significant and rapid population growth and development, and

WHEREAS, the SGPB has taken a strong interest in the proper management of
the South’'s natural resources and has identified specific recommendations
directed toward optimizing the regional growth and achieving the desired

balance between economic development and envirommental quality, and

WHEREAS, there is a kcen awareness by the SGPB of the significance, increasing
complexity and lastring impact of decisions which are made relative to the use
of natural resources in the South, and

WHEREAS, the SGPB recognizes that an essential requirement for improved
decision-making and intelligent resource management is an effective informa-
tion base, and

WHEREAS, the SGPB strongly believes, on the basis of previous experience, that
the type of information obtained by remote sensing technology from the Landsat
program is extremely useful to the Southern states in providing the informatiocn
necessary for the analyses of their natural resources, aand

WHEREAS, the SGPB member states have indicated a2 strong interest and intention
to use Landsat data to assist their resource marnagement programs .n the future
and has approved a resolution supporting the expansion 6f the technolgy transfer
capacity at NASA's Earth Resources Laboratory in Slidell, Louisiana.

THEREFORE, the Executive Committee of the SCPB hereby strongly endorses the
continuation and improvement of the NASA Landsat system through the implementation
of the Landsat follow-on program and associated user assistance and technology
transfer efforts as a key step in the provisien of 4mproved and cos:t effective
remotely scnsed information required by the states to effectively manage theixr
natural resources.



—2-

The resolution by the SGPB in support of the Landsat follow-on program is
based on the knowledge and experience of state, regional and lacal resource
managers .in the application of Landsat data to earth resource programs in

the South. The applications of present .Landsat data have proven extremely
useful and provide a basis upon which to expect significant socio-economic
benefits to be accrued to the states of the South as a result of the continued
availability of Landsat data.

Governor Reubin 0'D. Askew
Chairman, Southern Growth Policies Board

William L. Bowden
Executive Director and Secretary
Southern Growth Policies Board

ORIGINAL PAGE I8
OF POOR QUALITY
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. Floiida"Resources and The HMorida State Unncrsity
Environmental Analysis Tallahassee, Tlovida 32206
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Jue €, 1976

Walter Kolb

Division of State Planning
I8M Building

Tallshassee, Fla 32301

Dear Walt.

This letter is in regard to the meeting we had with Reid Baxnett,
roject Manager of the Science and Applications Project OFffice of
KASA at Kemnedy Space Center last wesk. Vhile FREAC doos not have
any specific project going right now within which we could use the landset
photography, I do believe that it would be desirable to develop with
your cffice and with NASA a continuing methological project to wpdate
the landuse inforxmation that we are getting.

This summer I am adding to cur staff a remote sensing specialist
and it is my hope that we would begin then to utilize the remote
sensing dmagery with the high altitude photography to develop the
natural resources inventory the state has needzd for so long. May
I interject at this point that I feel that within any program that we
would be interested, the high altitude photography will be very
iportant and it bothered me that Mr. Bamett indicated that this
activity would be curtailed.

L ——

; From our meeving the other day there was an indication that many

people did not have an idea of what landset was all about and what it '

/ could ke used for. It seems to me that it might be reasonable for the
State of Ilorida to develcp a "practical applications of remote sensing"

| seminar or course or information system which the various state, regional,

] and local agencies could attend to find out just what they could use from

i this material. It seens to me that such a seminar could includ: a great

\ deal of public relatigns work between the Division of State Pianing and

\ the local agencies. These are just somewhat idle thoughts, buc if you

\ fezl that FREAC could be of any assistance in developing such a ceminar

4 or educational program we woild be nore thatd happy to cooperais with vou

i in, through our continuing educakion center, set w» ifor Tallahassee or

[___other parts of the state. ’

If I mav be of any further service to you do not hesitate wo call
on me.
Sincerely,

A
{/

Foward s, Feoaals
cc: Recd Barneid Divecto s
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ROBERT L. SHEVIN
Attorney Gencral s T

DEPARTMERT OF 1LEGAIL ATIFAIRS
OFFICE OF THE ATTORNEY GENERAL
THE CAPITOL
"TALLAHASSEE. FLORIDA 32304

Civil Dvision
725 South Colhoun Street
Bloxhom Building
Tallohassee, Florido 32304

f*,*"-‘_}rx
. .“--‘,. {“?I‘,
June 18, 1976 3 {a'é” T ‘\r})
e P8
TR
&
‘39?6 wat
. . 4 C’F/_‘ﬂ.\
Mr. R. G. Whittle, Jx., Director 7?;241vE
Division of State Planning Ky,

660 Apalaches Parkway, 1BM Building

Tallahassee, Florida 32304
Dear Mr. Whittle:
Attorney General Shevin

his behalf to youxr letter of June
posed second phase of the LANDSAT

has asked me to respond on
7, 1976 concerning the pro-
Satellite Program. The

Department of Legal Affairs is in favor of the provision for a
second generation satellite able to perform as described in

your letter. Photographs from former satellites have already
proven useful in at least one of the Department of L.egal Affairs'
suits to protect the natural environment and water supply for

the citizens of Florida. 1In addition to.similar use, informa-—
tion gathered by the improved satellite could be used in plaanning
at the state and local levels, through the identification of
-important resources, as well as human influence on those resocurces.

Lacking technical expertise among the members of
its staff, the Department of ILegal Affairs has no suggestions
for improvement of the satellite drogram.

Sincerely,

ROBERT L. SHEVIN
Attorney General

THOMAS A. HARRIS
Assistant Attorney General

RLS/H/g
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DEPARTMENT OF BUSINESS REGULATION
OFFICE OF EXECUTIVE DIRECTOR
THE JOHNS BUILDING
TALLAHASSTL BOARD MEMBE !

Richard A, Paliot
Chairman

Walter S. McLin,

James Baroco, Sr.

""
S T L T Secretary

o
June 10, 1976"' ':th.;.fgﬁ
TE AN TS 17 :

’ﬁ:%w' : IEdmond Jg. G.-
QE JUM E - J‘:J W. M. Sanderlin
Mr. R. G. Whittle, Jr. AR NS
State Planning Director
Department of Administration DIRECTOR'S OEFICE
660 Apalachee Parkway e or SYATE PLAN gy

Tallahassee, Florida 32304

Dear Mr. Whittle:

In response to your letter cf June 7 regarding the proposed second
phase of the LANDSAT Satellite Program it is difficult for me or
anyone in the Department to make meaningful comments because we are
not familiar with the prcposal nor with the current program.

I have discussed the matter very briefly with Mr. Jon Beazley of the
Department of Transportation and it would appear that information
gathered under such a program could be useful to our Division of
Florida Land Sales and Condominiums in the surveillance of registered
subdivisions and perhaps in the detection of unregistered subdivisions.
The usefulness of the program would depend upon the timeliness of the
output, the availability and manner in which data would be displayed
for examination and the extent of detail so displayed.

As an example of possible use, our land sales inspectors must make
periodic inspections of subdivisions to determine if construction of
roads and drainage is proceeding according to.schedule. If visual
displays would on the onc hand permit identification of the tract
and on the other hand show sufficient detail to permit cvaluation of
construction progress this could be quite usecful and probably result
in some cost savings to the State. Similarly such information could
be used to determine if a subdivision submitted for registration is
comprised of land which matches the description contained in the
application. The latter would be extremely- helpful because such
tracts alt the outset often are without access roads and it is
iwpossible for the inspector to get into the area to make a compre-
hensive inspection.



Mr. R. G. Whittle, JIr. , =
June 10, 1976 ‘ ORIGINAL PAGE IS
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These are some uses that could help our Department. I mention them
without attempt to attach cost factors or cost justification and
with the uaderstanding that as a federal program, State funds are
not involved,

We presently do not feel the program would be of value to our Pari-
Mutuel, Hotels and Restaurants, Beverade or General Regulation
Divisions.

I hope these vague comments will be useful for ycur purpose. If
further input is desired I would suggest 2 neeting with some of

our land sales people who incidentally will be moving their division
offices from Tampa to Tallahassee as of July 1, 1976.

Sincerelv,

L
c;aﬁggkai:lfkééé;iﬂm»ﬂ

A. L. Baker
Executive Dircctcor

ALB/ab

¢c: Mr. Richard C. Booth
Mr. Jon Beazley
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,.r i TALLAHASSEE 32304
DIRECTOR'S rmpe June 14, 1976
DIV. OF STATE FLanerens

Mr. R, G. Whittle, Jr.

State Planning Director
Department of Administration
660 Apalachee Parkway

IBM Building

Tallahassee, FL. 32304

Dear Randy:

This will acknowledge receipt by this office of your
recent ltetler regarding the proposed second phase of
the LANDSAT Satellite Program.

Although it appears doubtful that this program would
directly impact the Department of Insurance or the
Bivision of the Treasury, it could provide invaluable
data for geologists and planners which would be of
interest to Commissioner Ashler as a member of the
Florida Cabinet.

Your letter and any additional information that you
believe may be helpful will be retained in our files
for future reference.

Sincerely,
-
James A. Snyder

Administrative Assistant

JAS/dd
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DIRECTOR -
Mr. R. G. Whittle, Jr., Director Div R'S OFFICE

. OF s7atE
Division of State Planmning STATE FLANHING
Department of Administration
660 Apalachee Parkway -~ IBM Building
Tallahassee, Florida 32304

Dear Randy:

In response to your letter of the seventh, we have
used ERTS/LANDSAT satellite imagery on scveral
occasions and found it beneficial. We expect that
our use will be much greater when better quality
and faster deliveries are achieved.

Several times false color enlargements were used

for orientation at public hearings. Also, we have
used it to observe lineaments and faults in the
geologic substructure of Florida in our sinkhole
detection program; to evaluate possibls blockage of
water by highways across the Everglades (there was
very 1little); evaluation of the Suwannee River flood
limits in 1973; and up-to-date indicators of land
use changes.

Our use has been limited solely because the imagery
is frequently very poor. Also, the slow delivery
after ordering reduces its value. With a higher
resolution and faster delivery, we expect frequent
use of the Follow-On data.

Very truly yours,

e Al

Tom Webb, Jr.
Secretary of Transportation

‘TWjx:bs
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Mr. R. 6. Whittle, Director v B
Division of State Planning
Department of Administration DIRECYOR'S OEFICE
State of Florida DO OF SEATE BLAMAING
660 Apalachee Parkway

Tallahassee, FL 32304

Dear Mr. Whittle:

N.A.S.A. has chosen the University of Florida to be the southeastern
center for research in imagevry applications to geotechnical problems. A
grant of $100,000 per year beginning July 1, 1876 has been awarded. The
Coastal Engineering Laboratory, Depariment of Civil Engineering, and Department
of Geology will be involved during the first year. Later we plan.to extend
this program to other departments and other state universities. He are now
assured of three years of financial support from N.A.S.A with the subsequent
per year amount being diminished or increased depending upon our yearly success.
We have been directed to specifically apply our efforts toward the solution
of problems in cooperation with governmental agencies.

You may be aware that the State of Florida has lagged behind most other
states in the utilizaticn of the valuable resources that have been made
available by LANDSAT imagery. Multispectral analysis and other sophisticated
imagery techniques are of great value in the delineation of geolegical feature
and in characterization of the physical parameters of surficial soils. Both
at the University of Florida and the Division of Geology of the Department of
Natural Resources, we believe remote sensing to be a most valuable scientific
technique in mapping.

We sincerely hope ‘that the administrative agents of our state will realize
that we are only now beginning to utilize the resources developad by the
N.A.S.A. imagery program. As experience and knowledge is broadened more people
will be aware of and utilize remote sensing.

This state is most fortunate in having the General Electric Laboratory
at Daytona Beach in which the Image 100 system was developed. This is a
computer which was developed for processing, enhancing, and analyzing spectral
data transmitied from the satellites.



Mr. R. G. Whittle

It is our belief that the proposed second generation LANDSAT Satellite
is worthy of our sypport. This satellité will provide additional bands 1in
the infra=red and an improved resolution of spectral bands which increases
the opportunity of computer analysis Tor identification of terrain paremeters.
This will provide improved evaluations of hydrolegic and geotechnital paramcters
which will make it possible to wmore accurately map details.

Sincerely,
H. K Brooka /db

H. K. Brooks

Professor Geology

and Principal Investigator
of N.A.S:A, Project

Brrone Rt /d b

Byron E. Ruth )

Associate Professor of Civil Engineerin
and President, Florida Region

American Society of Photogrammetry

BER/db

¢c: Hr. Reed Barneit, NASA
Mr. Jon S. Beazley, F.D.0.T, —
Dean Morton Swmutz, EFES
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Mr. R. G. Whittle, Jx. ” -
State Planning Director m\f\lgg_(é:OR"' OFF{{IE,i .
Department of Administration TATE PLANKING
Division' of State Planning
660 Apalachée Parkway
IBM Building
Tallahassee, Florida 32304

Dear Mr. Whittle:

The NASA proposal to advance pateliite photography and to provide
remote sensing to State agencies is very interesting and has been
investigated by some of my staff. They do not feel that there is
sutficient benefit for the Department to support the development
of the second phase of the LANDSAT Satellite Program.

The photography provided by the cuxrent system is not of sufficient
resoluticn to be of value in detailed county-by-couanty forestry or
agricultural work. An alternative proposal would be to further
improve aircraft based photogrammetric technique. TImprovements in
resolution using aircraft based phpotography would do more. for
Agriculture than the larper area govevage obtained from satellite
photography.

We understand that Weyerbhaeuser €grporation has utilized satellite
photography in some of its forest management programs. FPerhaps
some familiarization with the work that they were able to accom-

plish would help in convincing state agencies of the value of
NASA's proposal.

We are currently able to meet eur aerilal photogrammeiric needs
through the excellent facilities which are provided by the Florida
Department of Transportation,

With kind regards, 1 am

Sincerely,

Do s

Doyle Cdnner
Commissioner

BC/ga
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Dx. James C. Fletcher

Administrator

National Aeronautics and Space
Administration

Washington, D. G, 20546

Dear Dr. Fletcher:

As you may know, the State of Georgia is currently
using NASA developed technologies and products,. and is in
the process of evaluating specific applications of NASA
developed technologies in a variety of State data collection
and planning programs. Three substantial NASA research and

evaluation efforts are underway in the State at the present
time. They are:

Remote Sensing and Classification Technology Transfer Evaluation

This study is to evaluate the usefulness of remote
sensing and classification capabilities developed by NASA's
Earth Resources Laboratory in inventorying Georgia's natural
resources and planning for their wise use. If these technologies
prove useful and feasible, as they already have been in
Georgia's Coastal Zone Management Program, they will be
developed as a basic component in the data collection and
mapping programs for the State.

Land Features Classification Research

The Earth Resources Office of the Marshall Flight
Center is supporting remote sensing and land characteristics
classification research currently in progress at the Georgia
Institute of Technology. This research effort is intended
to develop land use classification techniques and land

development change detection techniques for use in urban and
rural areas in Georgia,

Salt Water and Wetlands Identification in Coastal Georgia

The Georgia Department, of Natural Resources has used
satellite collected data experimentally to detect and identify
saltwater and rreshuater species of plant life to determine
the limits of the tidal waters in Coastal Georgia. This use
of eclassificd imagery has proven beneficial to identifying
the areas of concern in the Coastal Zone Management Propram,

ORIGINAL PAGE IS
OF POOR QUALITY



Other organizations in Georgia, such as the Atlanta
Regional Commission and the Georgia Mountains Area Planning-
and Development Commission are experimenting with using NASA
developed technologiecs to collect vegetative cover, soil
wetness, land use and land use change data.

I would like to commend your office for the excellent
professional assistance provided to Georgia in these projects.
I also encourage you to continue in your efforts to promote
the development and use of these technologies for State and
local governments and to continue in your efforts to develop
and refine the state of the art.

Sincerely, /éiLv%/éZ)rm
Geoxrge Busbee

GB:abe

cc: Mr., Alex Tayahov
Dr, C. T. N. Paludan
Dr. Wayne Mooneyhan
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It is my understanding -a decision regarding the LANDSAT follow-oun will
soon be made. In this event, I am writing to express the Georgia Department
of Natural Resources' interest in the fellow-on program.

In recent years there has been a dramatic increase in the number of
natural resource programs. As a rvesult of this increase, we are moving
toward a more comprehensive, and often complex, approach requiring more
timely and accurate data. It is our belief that the existing and proposed
-;atellite systems have a definite vole to play in Georgia's natural resource

"grams.,

Until now, there has never before been an economically feasible method
Lo acquire a data base that adequately describes existing site conditions,
and the changes that are taking place. Presently, most State programs
incorporate the use of manual techniques to collect and analyze such de-
scriptive data. Although these manual techniques are simple and straight-
forward, they have serious limitatlions in that they are often not timely,
comprehensive, and area specific. Manual techniques are often costly and
difficult to update plus awkward to store and manipulate in large quantities.

In an attempt to improve upon the above situation, the State of Georgia
has entered into an agreement with NASA te evaluate and transfer automatic
classification techmiques utilizing LANDSAT data. 'The intent of this Rescarch

Technology Operating Plan (RT0P) will be to successlully demonstrate technleal
LANDSAT capabilities which will produce results necded [or exisfing programs
and management decisions. To date, Department of Matural Resources' personnel
have been preparing project proposals which identify specific requirements of
existing and proposed management prograws. These requirements include a
discussion of potential data sources to satis(y program requirements, a de-
scription of Lhe methodology te be used and products to be obLained, and
benelits to e accrued. These project proposals vill then be evaluated
against the LARDSAT digital products. A {ow programs within DNR which should
benelit from successlul LANDSAT applications are the Environmental Protection

‘vinion's (FPD) avcavide wasle treatment wanagement program (See. 208) under

L. 92-500, LPD's Solid Waste Management Program and Land Reclamation Pro-
ramg, the Game and Fish Division's Pittmar-Rebertson and other wildlife
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management programs, plus the Departments land acquisition and comprehensive
review process. These programs should benefit greatly from LANDSAT digital
data since it will provide site-specific information om an iterative basis.
The result should be more responsive programs with a dollar savings to the
user.

Of comparative interest are the 1" = 1 mile manually produced vegetation
maps prepared for each of Georgia's 159 counties. The cost of this project
was approximately 330,000, or about 50¢ per square mile, which did not include
administrative costs to DNR. Although this information has proven quite
useful, there appear to be liabilities of the manually produced maps when
compared to the LANDSAT digital capabilities: first, the minimum mapping unit
of the manually produced maps is 50~100 acres as compared to 1.1 acre for the
digital satellite information; second, satellite data is less expensive to
produce once a processing center has been established; and third, the satellite
information is less expensive to update since it has iterative capabilities.
These satellite capabilities are important considerations which should prove
to be of great benefit to natural resource programs,

A recent project which came .through the environmental review process which
would have had application to automatic classification techniques was a 60,000
~cre small watershed project (P. L. 566) for the purposes of watershed protection
"1d flood prevention. This coastal watershed contains about 242,000 acres con-

ning three primary vegetation habitats: lowland hardwoods, mixed hardwecods
with pine and pine flatwoods. The area of the proposed project is a mixture
of hardwoods and pines and lowland hardwoods. If an automatic classification
system were operational it would have provided the following spatial data and
statistical acreage information which would have been an indication toward the
location of drainage ways containing riverswamp hardwoods, areas inundated by
water at various times of year, an indication of wildlife habitats, and a
determination of the salt and fresh water interfaces as defined by salt emergent
vegetation. This data would have enabled us to make a better quantitative
determination of the project's effects as required by the National Environmental
Policy Act of 1969. This system should also allow us to monitor the impacts
of increased peak flows on the estuary and reduced low flow conditions on the
river swamps and tributaries.

With regard to the acquisition and leasing of lands for wildlife management
the following considerations are offered. Accurate and current land-cover
information could greatly facilitate the identification of suitable lands for
possible acquisition or lease. The types of data required includes vegetation
associations, an indication of understory conditions as inferred from vegetation
crown density, the proximity of any potential wildlife management areas to
developed lands, and the location of surface water bodies. If this data can be
obtained on a timely and cost-effective basis, then our management and acquisition
program could be substantially improved. This would be particularty true if
+hie follow-on satellites have a 30 meter resolution in the visible bands allowing

en bhuotter vegetation separation and boundary determinations,



b, James C., Fletcher
May 25, 1976
Page Two

management programs, plus the Departments land acquisition and comprehensive
review process. These programs should benefit greatly from LANDSAT digital
data since it will provide site-specific information on an iterative basis.
The result should be more responsive programs with a deollar savings to the
user.

Of comparative interest are the 1V = 1 mile manually produced vegetation
maps prepared for each of Georgia's 159 counties. The cost of this project
was approximately $30,000, or about 50¢ per square mile, which did not include
administrative costs to DNR. Although this information has proven quite
useful, there appear to be liabilities of the manually produced maps when
compared to the LANDSAT digital capabilities: £first, the minimum mapping unit
of the manually produced maps is 50-100 acres as compared to 1.l acre for the
digical satellite information; second, satellite data is less expensive to
produce once a processing center has been established; and third, the satellite
information is less expensive to update since it has iterative capabilities.
These satellite capabilities are important considerations which should prove
ta be of great benefit to natural resocurce programs.

A recent project which came through the environmental review process which
would have had application to automatic classification techniques was a 60,000
~cre small watershed project (P. L. 566) for the purposes of watershed protection
"1d flood prevention.’ This coastal watershed contains about 242,000 acres con-

ning three primary vegetation habitats: lowland hardwoods, mixed hardwoods
with pine and pine flatwoods. The area of the proposed project is a mixture
of hardwoods and pines and lowland hardwoods. If an automatic classification
system were operational it would have provided the following spatial data and
statistical acreage information which would-have been an indication toward the
location of drainage ways containing riverswamp hardwoods, areas inundated by
water at various times of year, an indication of wildlife habitats, and a
determination of the salt and fresh water interfaces as defined by salt emergent
vegetation. This data would have enabled us to make a better quantitative
determination of the project's effects as required by the National Environmental
Policy Act of 1969. This system should also allow us to monitor the impacts
of increased pcak flows on the estuary and reduced low flow conditions on the
river swamps and tributaries.

With regard to the acquisition and leasing of lands for wildlife management
the follow1ng considerations are offered. Accurate and current land-cover
information could greally facilitate the identification of suitable lands for
possible ncquisition or lease. The types of data required includes vegetation
associations, an indication of understory conditions as inferred from vegetation
crovn density, the proximity of any potential wildlife management areas to
developed lands, and the location of surface water bodies. If khis data can be
obtained on a timely and cost-effective basis, then our management and acquisition
program could be substantially improved. This would be particularly true if
*he follow~-on satellites have a 30 meter resolution in the visible bands allowing

en better vegetation separation and boundary determinations.



‘Dr. James C. Fletcher
} 25, 1976
Pa,e Three

ORIGINAL PAGE IS
OF POOR QUALITY

The Department of Natural Resources and the Army Corps of Engineeré,
Savannah District Office will be evaluating the potential of LANDSAT digital
data to assist'ih determining the approximate areas of jurisdiction under
Section 404 of P.L. 92-500. The projects goal will be to determine if
automatic classification of digital satellite data will provide necessary
land cover data at a cost-effective rate to satisfy the requirements of the
Corps 404 program. Further, it is anticipated that change detection techniques
can be employed to assist in determining the locations of authorized versus
unauthorized land disturbing activities.

Regarding Georgia's Section 208 program, LANDSAT digital processing

will be evaluated for its ability to locate land-cover information and
statistical acreage data within water quality management units (WQMU).
Activities such as agriculture, silviculture, mined areas and urban construction
are to be evaluated in an effort to determine the potential of a WQMU for non-
point source pollution. Presently we feel confident that-the twelve categories
to be processed for this-program will be adequately handled by the present
~atellite provided normal functioning continues and operational status is

“ieved. A major advantage of the follow-on satellites for water resource
p 4grams will be the water penetration capabilities of the blue band to
detect sediment and nutrients in surface water bodies and the heat sensitive
capabilities of the thermal infrared bands.

In the ¥Environmental Protection Division's Solid Waste Management Program,
present efforts are focussing on land cover categories to assist in determining
potential areas which may £it the partial criteria for sanitary land fill site
selcction. By determining thesc potential areas, local and state resources will
be more efficiently used vhile producing more responsive results.

The above comments are offered as a briefing of activities currently
underway in the Department of Natural. Resources to use LANDSAT digatal
data. Although the actual amount of processing has to date been mintimal,
a great deal of effort has gone into the cvaluation of DNR programs and
management ‘criteria which could benefit from an coperational processing
capability. In an attempt to insure this capability, $40,000 has been spent
by the Georgia Institute of Technology on hardware with an additional $23,000
expected shortly.
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The equipment will be operated by Georgia Institute of Technology personnel
who are experts in the automatic approaches to remote sensing. They will be
responsible for keeping abreast with the latest techniques while providing the
interface between the equipment and the State's natural respurce program managers.
It can be anticipated that upon favorable results of a demonstration project
to be conducted by August of 1976, that several programs receiving State and
federal dollars will choose to process regional or statewide LANDSAT data.

We in Georgia are beginning to use the LANDSAT data in a routine manner,
but have also recognized that the system is not classified as operational.
Therefore, significant commitments to training, technology, and equipment could
prove risky. 1If our demonstration results prove as positive as we expect,

DNR and other state agencies would have a tremendous need for an operational
satellite capability.

It is also very important to recognize that- data must be available to

users at a high resolution, with a quick turnaround time, at a low cost,
and in a "rectified form'". Although there is a great deal of interest in
greater resolution and more rapid data delivery, it must be recognized that

trade—off exists between the two, with cost the ultimate limiting factor.

tified data rcferenced to the ground and to a nominal scene with sufficient

accuracy should be available in volume to greatly increase the usefulness
and affordability of the information. Rectification is the main requirement
to make it possible to geographically reference information extracted from
remotely-sensed data to other physical and socio—économic information.

Further, it is imperative that users get involved in developing future
programs. Tederal agencies should have a structured effort to this end.
State and local governments, che primary users, sharing the responsibility
of defining their needs and expressing them to the federal government.

In conclusion, we appreciate this opportunity to express our point of
view on the need to expand and improve federal space programs and techaology
of -benefit to the states—--—particularly a program beyond the financial capa-
bilicy of the individual states. I hope these comments are of some value

to you and, if I can be of further assistaunce, do not hesitate to call on
me.

Sincerely,

%—\W

Joe DJ Tanner
‘\ Commissioner

JDE/bee
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Dear Dr. Fletcher:

This letter is to inform you that the State of Hawaii is very much
interested in the utilization and improvement of your Earth Resources Sateliite
Program.

In view of our geographic isolation and limited land area, we must
plan very carcfully for the optimum use of our precicus land and water resources.
In this regard, our State governmental agencies have been following closely
developments in satellite image technology and, with the help of vour Ames
Research Center, have begun to apply this technology to our on-going State
planning process.

Our limited experience indicates that satellite data could be a very
important source of information in fulfilling our many mandates and responsi-
bilities regarding land use planning, enviromnmental protection, ecoromic
development, and coastal zone management. It is essential, however, that
the information source, namely the satellites themselves, continue to function
effectively and provide us the desired data which will allow us to fully pursue
the application of this technology to Hawaii.

We strongly encourage you, thercfore, to press for the continuation
and enhancement of the Earth Resources Satellite Program. Tf we can be of

any service or assistance in this regard, please feel free to call upon us
at any time.

With warm personal regards, 1 remain,

Yours very truly,

Gegrge R/ Ariyoshi

cc: Dr. H. Mark, Director
Ames Research Center

Mr. K. Nishioka
Ames Research Center
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Dear Dr. Fletcher: Clgnature ©

This letter is to inform you of our strong and continuing interest in

your Earth Resources Satellite Program and, in particular, your LANDSAT Follow-on
Satellite project.

While we are only now beginning to appreciate the potential of space
imagery in fulfilling our programmatic data needs, we believe that the improved
resolution of the LANDSAT PFollow-on Satellite will broaden considerably the
applicability of LANDSAT data to Hawaii. Not only will this type of remote
sensing data enhance our nmonitoring capabilities in terms of land use changes
and impacts, but it will also serve to reduce required on-site inspections as
well as allow for more effective utilization of staff and inproved administration.

The acquisition of this type of data on a regular basis will provide
the essential historic and current information needed to ascertain how the limit.u
land area of our State can best be utilized. This is of utmost importance in
light of our mandate to advise our State decision-makers on the optimum use of
our natural resource base. We believe that the data provided by the NASA Earth
Resources Satellites will both assist us in evaluating tne elffects of past
decisions as well as provide us with a sound, technical basis to evaluate

alternatives and make better and more intelligent decisions regarding llawali's
future.

As a basis for committing resources for the development of new techniques
and methodologies, however, it is essential that we have some reasonable assurance
regarding continued data availability. In this regard, we urge you to vigorously
pursue the continuation and expansion of your Larth Resocurces Satellite Program
in order that we may maximize our opportunities in this most interesting and
valuable endeavor.
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We very much appreciate your continued interest in our programs and
look forward to working with you on matters of mutual concen.
Sincerely,

\%Z/w///w b fr

iq}ulﬂhlo KOO

cc: Dr. H, Mark
Ames Researcii Center

Mr, K. Nishioka
Ames Rescarch Center
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BOARD OF LAND & NATURAL RESOUL

EDGAR A HAMASU
DEPUTY TO THE CHATRMAN

STATE CF HAWAIL

DIVISIONS:
DEPARTMENT OF LAND AND NATURAL RESOURCES CONVEYANCES
P O BOX 621 FISH AND GAME
FORESTRY
HONOLULUY, HAWALl S6EQS LANMD MANAGEMENT
STATE PARKS
June 2 , 1976 WATER AND LAND DEVELORMEN

Dr. James Fletcher, Administrator

Hational Aeronautics and Space
Adminigtration

Washington, D, €. 20546

Dear Dr. Fletcher:

Menbers of wmy department are, more and more, becoming aware of the great
potential your Landsat programs have for Hawaii. Aspects of satellite remote
senging are presently being examined for their possible applications to epi-
demic Forest decline studies. Further, we are intrigued as to the satellite's
capabilities in vegetation and land use determinations, water and mineral
rescource studies, and its potentials in planning activities.

It has come to my attention that your agency is considering a program or
programg of assistance in Hawaii. We would be appreciative of any help your
agency can offer in helping us to learn about and use this new medium, and I
ask that you give serious consideration to any proposals concerning us.

I thank you and your staff for thinking of Hawaii, and ask that we continue
to receive your consideration and support.

Yours truly,
BOARD OF LAND AND NATURAL RESOURCES
ORIGINAI, PAGE is- %
OF POOR QUALITY @
CHRISTOTHER CORB
Chairman and Member

cc: Dr. Hans Mark /r‘“
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GOVERNOR
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The Honorable Dr. James Fletcher

. . "'\ > '\h.v.‘
Administrator siuspense B o mee
: EYRCI AT v -
Naticnal Reronautics and Space Administration FUNES '
Washington, D.C. 20546 Sigaztuca ol R

Dear Dr. Fletcher:

I understand that NASA has embarded on the planning process propar:ig “or
the develcpment of LANDSAT Follow-On Systems, which are to.be advanced
versions of the LANDSAT-B System that we now utilize in our Land Bcscurc s
Inventory Project. OQur expectation is that LANDSAT Follow-On sysie
will provide a cost effective and timely source of land covex dati
use by state natural resources plannirg and management agencies.

[
H

As you knov, our motivation for entering into the Land Resources Inventoxv
Demonstration Project in con}unculon with NASA and the Geologzcal Zunvovy,
stemmed primarily from our continuous need for tamely and cost-effcctzvo
natural resource information. The conventional methods we now wtili.rc

are very costly and require a great deal of timg, encrqgy and mannower.
With the rapid growth of Idzho and the need for thoughtful utilizaltion of
its resources, we badly require as much highly accurate data as we w &
obtain.

While the LANDSAT demonstrations in the project are not vet complcic, ch:
results reported by the participating agencies are cxtremely encouraglie;
Two cxamples will highlight our belief in the potential ukiligy of T7iLosl
Follow-On systems for resource management activities:

1. An inventory of four million acres of irrigated lands alo,
the Snake River would be extremely useful to many orgatiz.at 1¢ .-
and agencies. Existing data is outdated and vircally unn, ol .o,
current requirements. It would appear that the cost and Lipe
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May 27, 1976

involved in a conventional survey would rule out a complet:
update. However, the staff of the Department of Water
Resources believe that a survey based on LANDSAT data could
be performed in a timely and cost-effective manner. At
least, those are the indications demonstrated through the
project to date.

A recent inventory of the vacant lands in the urbanizcd Boilse
area, conducted by utilizing conventional survey mcthods,

took one year and $70,000 to complete. Preliminary indicataons
obtained in the Land Resource Inventory Demonstration Projcsi seon
to support the idea that the same inventory could Le ccanlooed
with LANDSAT data in a month's time at a substantial cost

savings.

We expect to continue to explore the utility of LAXDSAT data fox

land resource planning and management through the Land Rescurces Iny ,tor’
Demonstration Project. We have every reason to believe that our urgaent
needs for timely and cost-effective land cover data can be mat using saltelis
systems, and anticipate that the operational LANDSAT Follow-On svsbors

will be utilized as a major source of data to plan and effaclivoely

manage the natural resources of Idaho.

CDA:hch

Sincerely, //fi
RS/

CECIL D. ANDRUS T~
GOVERNOR
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Dr. James C. Fletcher Iﬁeﬂ?a he AJ for
NASA Headquarters Signalirs of _ Sam

Code A

Washington D.C. 20546

Dear

As a

Dr. Fletcher:

membher of the NCSIL Remote Sensing Task Force, I was asked to

convey my opinion as to the need for the LANDSAT FOLLOW-OMN Program.

I am

a member of the Iowa Legislature and a farmer by profession.

The LANDSAT FOLLOW-ON Program, particularly with the improved
imagery, has a wide variety of uses, some of which border on neces-

sity.

One time imagery is essential for the assessment and evaluation

of almost all natural resource programs. Good programs depend on
current information. The advantage of LANDSAT is the frequent
update of information that can be utilized in an analytical manner
to predict the meaning of changes in the ground cover.

As an Iowa farmer the most important aspect is the eventual potential
of predicting world food production with some degree of accuracy.

As the data base inereases and the analysis improves,production
estimates during the growing season would be very helpful.

On July 1, 1876 the price of corn in central Iowa increased as much

as $

.11/bushel and soybeans as much as $.30/bushel. An AP story in

the Des Moines Register stated:

Towa

"A big buying factor was an unconfirmed rumor that Russia
had bought about one million tons of soybeans. It was

also rumored that Russia had bought feed grains frem the
United States."

raises approximately one billion bushels of corn and two

hundred million bushels of soybeans -each year. Yesterday's price
increase would mean one hundred seventy million dollars to Iowa

farmers if applied to one year's crop. The impact nationally is
proportionately greater.

ORIGINAL PAGE IS
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Dr. James C. Fletcher
July 2, 1976

The importance of farm exports in our favorable balance of trade
as well as the impact of price fluctuations on the ultimate cost
of food makes the market system important to all citizens.

The argument is not that better information will always mean higher
prices. It will not. The argument is that more accurate and current
information will allow for better decisions at all levels.

Crop production estimates in this country are inadeguate. Early
season estimates with periodic updates tend to lag far behind what
is actually going on. Information from other countries is often

little more than "seat of the pants" judgments about what is
happening.

With better information on world food supplies and prospective
crops, farmers can make better decisions on planting, harvesting
and marketing. The planting season when crop plans can still be

changed begins in this country as the harvest season begins in the
southern hemisphere.

A private firm or a foreign country with a more accurate estimate
of grain supplies, even if it pertains primarily to their own
holdings, not only have an advantage in the grain market, they
are in a position to potentially exploit the American farmer and
the public in general. Russia's activity in our grain markets in
the past few years has been a classic example. More accurate as-
sessment of Russian grain supplies would be exceptionally useful
in determing US export policy.

The total result from LANDSAT FOLLOW-ON will not be immediate
although accurate acreage information would be a major achievement.
Changes in the imagery during the first growing season will not

be particularly meaningful the first season but will improve with
each year. Ground proofing of detected variations and the cor-

relation of those variations with vields will continually improve
the accuracv.

Time is important. The data base must be developed to provide
accuracy. Each growing season 1s unigue in any particular area so a

delay in the program means that portion of the data basc is lost
forever.

World food supplies are marginal. Consideration may have to be
given in the near future for management of surpluses in good vears
to avoid wild fluctuations between devastatingly low prices and
subsequent high prices with widespread famine. 2Any attempt at

world food supply management would be futile without an accurate
information system.



Page Three
Dr. James C. Fletcher
July 2, 197%

Given this very fundamental need for the LANDSAT FOLLOW-ON Program,
there are many other beneficial uses for the data. HNWearly all
state agencies involved in natural resource areas can benefit from
the program through lower cost imagery, more current imagery or
obtaining information that otherwise would be unavailable.

The program at this point has just begun to demonstrate the potential
uses for this program. I believe any delay in its future develop-

ment would be a drastic mistake.

Sincerely,

a2 4_ U4y,

Andrew Varley
State Representative

AV:ei
CC Delegate J. Hugh Nichols
Ms. Sally Bay
Senator James A. Mack, Vice-Chairman

: 1S
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State of Louistionr
EXECUTIVE DEPARTMENT @G/

Waterw Rorge

EDWIN EDWARDS
GOVERNOR

June 30, 19276

Mr. David W. Johnson

Staff Assistant

National Governors' Conference
1150 Seventeenth Street, N.W.
Wwashington, D. C. 20036

Dear Mr. Johnson:

Recently I reccived a draft resolution supporting the Landsat
Follow-0On Program from Governor Salmon. Per-Governor Salmon's
request, I am forwarding my comments concerning the draft
resclution.

We are interested in the proposed improvements of the Landsat
Follow-On System. Presently, we maintain computerized land

use information as part of Louisiana's Comprehcnsive Planning
Information System. The land use information is delincated
from high altitude color infrared photography to the second
level of the U. S. Geological Survey classification system.

To date, no one has bheen able to duplicate all second level
land use classification wvtilizing only Landsat information.
Should the increased resolution of the Landsat Follow-On Systems
enable second level land use delineations to be performed

at an equivalent or reduced cost to that of conventional high
altitude aerial photography, we would be interested in arrange—
ments to receive the Landsat information.

We are also interested in the possibility of using present and
future Landsat satellites for land use change dcetection. We
are aware of Federal agency efforts to investigate these possi-
bilities and will be interested in the outcome of the research.

Our own expericnce with the use of Landsat imagery to delineate
flooded areas has convinced state personnel that Landsat imagery
is a useful tool for quick evaluation of flood disasters.
However, the proposed ten-day delivery schedule may limit the
use of Landsat imagery for operational uses.

Of particular concern to our natural resources agencics is the
transfer of the Landsat ktechnology to our personnel. It is
hopcful that regional technical -assistance centers will be

ORIGINAL PAGE IS
OF POOR QUALITY]



Mr. David W. Johnson
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maintained and that these centers will offer short course
instruction (three or four days at one time) and on the job
training for our state personnel.

Accordingly, we support the implementation of the proposed
Landsat TFollow-On Systemn.

Sincerely,

¢: Honorable Thomas P. Salmon .~
Governor, State of Vermont
State House
Montpelier, Vermont 05602
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Dr. James C. Fletcher, Administrator .
National Aercnautics and Space Administration ORIGINAL PAGE IS
Washington, D.C. 20546 OF POOR QUALITY

Dear Dr. Fletcher:

NASA has propesed a program which we feel to be of great importance
to the technicel communities of this nation and state. I am Feferring
to the LANDSAT Follow-On System, and heartily endorse the operation of
this system.

We have had a most beneficial relationship with NASA through the Earth
Resources Laboratory, Slidell, Louisiana. Many problems in the areas of
resource management, wetland surveys, water resource obserwvations, and
emergency information have been provided by ERL.

During the recent floods {1973-1975) we were most fortunate to have
access to LANDSAT data. Quick decisions are necessary and they must be
based on reliable information. We are now entering a period of extreme
importance relative to the management of our natural resources. Strip
mining operations for recovering lignite will be initiated in the near
future. We are anticipating environmental problems and the need for data
such as that available from LANDSAT is required in solving such problems.

The Office of State Planning, Department of Public Works, Louisiana
Department of Highways (now undertaking ecological studies of the impact
of landfills in the wetland), and the Department of Conservation are only
a few of the state agencies who have used LANDSAT data. We are looking
forvard t¢ a continuation of our relationship with NASA, and intend to
adopt the LANDSAT-1 land classification system in one of these state
agencies this year. ERL will alsoc participate with several agencies in
monitoring the coastal environment which will be impected by development
of the off-shore oll terminals. The resolution, geometric correchbion
‘function, and the increased number of data chammels will give more accurate
data relative to the coastal zone environment. We are especially interested
in the rate of land loss in the delta zone; recent projections reveal thst
as pany as 20 ms.? yr. is being lost. These losses will effect the location
ef oyster leases, irapping leases, and other resource recovery programs.

The LaU Rivisin of Ingineering Research, and the Center for Wetlauds
Research, in cocperation with the State Division of Administration wiil
sommit professional people 1o the transfer of NASA technology to state
agencies during the next year. I refer primarily to the LANDSAT-1 system.



Lr. James C., Fletcher, Administrator
Page 2
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Please accept our endorsement of the system and if there is any way
we can be of assistance in assuring the successful lzunching of this
project lei us know.

Sincerely yours,

CHARLES A. WHITEHURST, PhD
SCIENCE ADVISOR TO THE GCVERNOR

kb

cc: Russell L. Schwelckart, Director
User Affairs
Office of Applications
NASA
Washington, D.C. 20546
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Dr. James C. Fletcher, Administrator
National Aeronautics and Space Administration
Washington, D. C. 20546

Dear Dr. Fletlcher:

e are interestled in the proposed improvements of the LAMDSAT
Follow-on System. Presently, we maintain computerized land use
information as part of Louisiana's Comprehensive Planning Informaiion
System. The land use information is delineated from high altitude
color infrared photography to the second level of the U. S. Geological
Survey classification system developed by Dr. Anderson and others.

To date, no one has been able to duplicate second tevel land use

Should the
increased resotution of the LANDSAT Follow-on Systems enable second
level Tand use delineations Lo be performed at an equivalent or reduced
cost to that of conventional high altitude aerial photography, we
would be interested in arrangements to receive the LANDSAT information.

We are also interested in the possibility of using present and future
LANDSAT satellites for land use change detection. Arrangements are
already underway between the U. S. Geological Survey and the Earth
Resources Laboratory of the Lyndon B. Johnson Space Center to investigat
this possibility. Since a portion of Louisiana may be chosen as the
test site for this demonstration, we are awaiting the inception of the
project and our involvement.

Due to excellent service rendered by your staff, we were able to provide
Governor Edwards with flood inundation information during the April, 197
flood vithin four days after the pass of LANDSAT. The information was
used operationally by stale agencies and to document Louisiana'’s request
for a major disaster declaration in 19 parishes. The key factor in ilhe
use of the LANDSAT data was its rapid availability wade possible by your
staff. Although the data from the LANDSAT Foilow-on Sysiem will be
available to the user in approximately ten days, this may not he suffici
in cases of natural disasters. It may be appropriate to identify instan
e.q., floods, which warrant wmore timely delivery and establish policies
for such requests.



Dr. James C. Fletcher
May 17, 1976

Page 2

Accordingly, we support the implementation of the proposed LAMDSAT
Follow-on System. If I can be of further assistance, please advise .
me accordingly.

Since;

1y,

/7 —_— .-
T

PATRICK ¥, RYAN
Executive Director

PUR/ ke

cc:  Governor Edwin Edwards
Louisiana Congressional Delegation

Dr.
.
Mr.
Mr.
Dr.

James R. Anderson

Charles E., Roemer, II, Commissioner of Adwministration, Baton Rouge
Wayne Mooneyhan, Earth Resources Laboratory

Blaine Liner, Southern Growth Policies Board

Charles A. Wnitehurst, Science Advisor .to Governor Edwards
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STATE OF LOUISIANA
BOARD OF COMMISSIONERS
OFFSHORE TERMINAL AUTHORITY

1130 tnternztonal Trade AMart
tiew Orleans, Lotntiana 70130
Telanhor.u‘_gn‘:'.(ﬂ? 5018
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Dear Dr. Fletcher: (ﬁgﬂﬁﬂﬁiOi R

I am writing in support of the implementation of the pro-
poscd LANDSAYT Follow-on System. The capabilities of this system
would bLe exbremcely valuable to numcrous public agencies and
private interests in Louisaana, especially in the arcas ok coagltal
zone management and deepwater port development. The improvements
of the proposcd system ovex LANDSAU-L, parvticularly incrcased
vesolution and timely data bramsmitial, will nob only be uscetul
20 our aygency, buk may be crucial to whetherxr LANDSAT data are
suitable for our needs.

The Offshore Terminal Authority was crecated by the Louisiana
Legislature Lo yuide decpwatcer port development in the State.
Assurance of environmental protection is the most impoctant parsc
of this manda*e. With the expected development of a Louisiana
deepwater poxt by private intercsts (1,00P Inc., a consortum of oil
and transwission companics), the role of the Authority will
largely be that of licensing and regulatory agent of the State.
One of the major functions of the Authority within this role will
be the conducting of an environmental monitoring prograa, to de-—
tect possible environmental impacts of the deepwaler port or its
onshore facilitics. Ramote sensing technigues could be an impox-
tant source of data to the total moniloring program.

As cvidence of our interest in remote sensing, the Authoxity,
in conjunction wilkh NASA, has taken the first steps to utilize
LANDSAT raemole scnsing data in monitoring construction and opexa-
tion of the Louisiana deepwater port and its related onshore
facilities. A proposal has beoen submitted to NASA management by

(IS
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1 James C. Fletcher
May 7, 1976
Page two

the Earth Resources Laboratory of the Lyndon B. Johnson Space
Center for a three ycar demonstration and implementation project
aimed at utilizing satelite capabilities in our monitoring pro-
gram. These satellite capabilities include near-real time data
collection and disscmination from ground emplaced sensors, as
well land cover classification and water surface temperature and
salinity mecasurcment from LANDSAT data. Approval of the project
proposal by NASA is expected by May 30, with start of the project
in October, 1976. ‘The Offshore Terminal Authority is in the pro-
cess of obtaining the approvals. necessary for our participation.

One of the purposes of the proposed project is to demonstrate
the usability of LARDSAT spectral data in determining land cover
types and changes in land cover that may be caused by pipeline
construction and operation (salt water intrusion, sheet flow
interruplion, subsidence, turbidity, crosion, etc.), or by opcra-
tion of offshore and onshorxe facilities—--o0il and other possible
pollutant discharges. Remote sensing capabilities will be
valuable Dbecause of the wide arca that must be monitored and the
relative inaccessibility of much of that area. LANDSAT data
should provide basin-wide monitoring at a relakively inexpensive
cost, a goal which may be otherwise unobtainable.

Two pessible major limitations to our use of LANDSAT-1 data
may be resclution and timeliness. It must be confirmed in the
demonstration phase of the project that resolution such as the
LANDSAT Follow-on System is capable is sultable to our use. We
do know at this time that resolution—of % acre would be valuable
to our program, because of the site-specific nature of ouxr
interests. Similarly our need to detect land cover changes
quickly, so as to implement corrective action, will require the
most timely transmittal of information possible.

In addition to the potential use of LANDSAT data in our
comprchensive monitoring program, such data would undoubtedly
be valuable in numexous land use mapping and environmentally
related projects in Louisiana. Mosk notable of these would be
the developing coaslal zone management (Coastal Resources) pro=-
g.;am being undertaken by the State Planning Office. In addition,
we understand Regilonal Planning Commissions throughout the State
are keenly interested in developing accurate land use maps for
their.arcas. The Louisiana Wildlife and Fishevices Commission is
presently monitoring the coastal zone to asscess the importance of
estuarine and marine ecological change on biological productivity,
as it may relate to commercial species. These activities will
form the basis of future land and water use decisions.

For these reuasons, we support the implementation of the
LARDGAT Follow—-on System, as a necessavry and readily available
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decision making tool in land use planning and enviroumental pro-
teckbion.

Very truly yours,

' ‘Vf i
Shq 1rd B, PerrJn, JxA
Exccutive Dircctor
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Dr, James C. Fletcher

(‘ [N 2
Administrator, NASA ‘”hpehse!hﬁe _tesl i
Washimgton, D.C. 20546 Propare Reply for
cignature of
Dear Dr. Fletcher: T

Although the Louisiana Department of Highways has not found
landsat data applicable to general uses, they have played

an important role in a few specific areas. We have used the
near infra-red photography in scveral lawsuits and sensitive
land areas to detcrmine the extent of possible water pollution.
By ground verification and source identification we have been
able to avoid exacerbating an existing problem. The photo-
graphs have, in these cases, lead to a review of the proposed
drainage structures along highways either planned or being
constructed, and, in a few instances, this review has lead

to design changes which have improved drainage across highway
embankments, thereby, removing an impediment to free water
exchange in a wetland area.

The exact cost/benefit ratio is difficult to determine for such
usage. The availability of the photographs has certainly re-
duced the cost of highway improvements over an extended period.
It has also allowed the identification of probelm areas in
advance of highway construction, whercas without the photographs
highway access would have been a prerequisite to even learning
of a potential problem. Landsat data has the added advantage
of a greater areal coverage than that which could be surveyed
on the ground.

The proposed landsat follow on technology is potentially more
useful to the Department than the current data. The greater
resolution is important for specific arcas of interest, as is the
more timely coverage. We also anticipate that thermal infra-

red coverage will provide more meaningful data for our particular
uscs. These improvements should allow us to track growth cycles
of various plant indicator species with greater precision.

Currently there are no formal programs or committment of funds

for the usc of NASA photoimagery on a daily basis. This is
primarily due to the lack of rcady access ,and the higher cost

-¢continuecd-
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of these data. When these impediments are

overcome, Wwe

anticipate a greater usage within the Department.

We would appreciate being informed of any future improvements
in the system which would increase the capabilities of the

landsat system.

Yours very truly,

BRECKWOLDT, P. E.
MATERIALS ESEARCH ENGINEER
\y 7 "2'/&(_,(,'——(___!:/—-"'
G. H CRAMER,
HIGIIWAY ENVIRONMENTAL ANALYST
GHC:mchb
cc: Russel L. Schweickart, Director
User Affairs
Office of Applications
NASA AGE IS
. ORIGINAL P
Washington, D.C. 20546 OF POOR QUAIITY
Charles A. Whitehurst, PhD

Science Advisor to the Governor
Executive Pepartment
Baton Rouge, Louisiana

Gary Nerth, Director

Engineering and Science Services Labor
National Space Technology Laboratories
Bay St. Louls, Mississippi 39520

atory
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OFFICE OF THE GOVERNOR

PIVISION GF ADMINISTRATION
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Commissionca
AND
EXECUTIVE ASSISTANT 10 tHE GOvERNOR

Dr. Jdames C. Fletcher
Administrator

NASA

Washington, D. C. 20546

Dear Dr. Fletcher:

I wish to convey my support of the proposed NASA LANDSAT Follow-On System.

1 am familiar with the LANDSAT program through our louisiana Technology
Transfer Office at NSTL, Bay St. Louis. We utilize LANDSAT data in many _
phases of state government, and appreciate the value of this timely information
upon which we have based many major decisions. Decisions affecting not only
the expenditure of great sums of money, but also the day-to-day 1ives of the
citizens of our State.

Our Louisiana Forestry Commission uses this information as a tool in making
inventories of state reserves, as well as for planning purposes and also to
detect any diseased stands of our natural resources.

In conjunction with the State Planning 0ffice, the Louisiana Technology Transfer
Office provided flood assessment damage during the recent floods of 1974. This
information, provided to us within 48 hours, was invaluable in our reauest for
immediate disaster relief for those citizens affected most seriously by the
flood. By having this information available in such a short time, we were

able to expedite the securing of this release.

By comparison, in the 1973 flood acreage assessment it was some months pefore
information was available in order to submit proposals for disaster relief.

Others areas using LANDSAT information include the Department of Highways North
South highway proposal; coastal zone projections and zone menagement information
as well as Superpori environmental monitoring.
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Dr. James C. Fletcher
April 27, 1976
Page 2

I encourage you in your implementation of this new program and pledge the State
of Louisiana's continued use of all available NASA as well as NSTL technology
through our Louisiana Technology Transfer Office. This institutional arrangement
through our LTTO and NSTL has been a most valuable resource to the State of
Louisiana and I encourage its continued operation.

Should you regquire any additional information or documentation, please call
on me at your convenience.

Sincerely,
.
::¢é4{7§ £ ;fiééilﬁ

e

Charles E. Roemer, 11
Commissioner of Administration and
Executive Assistant to the Governor

CERII: ge
cc: Mr. Russell L. Schweickart

Dr. Charles Whitehurst
Mr. Charles D'Agostino
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LOUISIANA STATE Ui IVERSITY

AND AGRICULTURAL AND MECHAICAL COLLEGE II-C(1l1-7)

BATON ROUGEL « LOUISIANA - 70803

LOUISIATGA AATEI HESOUHGEDS NLLDEARCH HILSTITUTE

AREA CQCE 304
TELFPHONE 3028.6003

April 1k, 1976

Dr. James €. Fletcher, Administrator
National Aeronautics and Space Administration
Washington, D.C. 20546

Dear Dr. Fletchex

The Louisiana Water Resources Research Institute (LWRRI) is
responsible for encouraging original, purposeful water research and for
promoting rational water resource management. Members of the Institutes
Advisory Board represent the engineering, geological, legal. and medical
professions, as well as agricultuwre and industry.

During the past 5 years LWRRI has had 2 close working relationship
with ITASA personnel frem the Earth Resources Laboratory, HSTL, Mississippi.
We in the Institule appreclate this relationship and heartily endorse
the proposed LAWDSAT-Follow-On System; it will improve the opvortunities
for inleraction and cooperation, Our projects have included investigations
of erosion on the coast, littoral current flows around jetties, saltwater
Intrustion, water guality surveys and a study of the impact of Mississippi
River diversion into the Atchafalaya Basin. Remotely sensed imagery hes
Played an important role in all of these studies.

Ve are now faced with nev prcblems, most of them arising from, or
directly related to, energy produCulon.. 0il and gas exploratiom, lignite
strip mining, and proposed agri-fuel Tarms will effect our water resources.
The need for accurate and timely data in decision making relative to these
Operations is apparent. Base line studies are important and the proposed
LAIDSAT Follow-On System could assist us in defining the base data. More
importantly, changes to the data, especially relative to the proposed
mining operations are needed at the local level (as well as in state

agencies) so that proper steps can be taken to maintain a viable water
resource in any area,

We anticipate workiug closely with the Center for Wetlands Researeh
when they obtain the LANDSAT-1 land classification system. (It is my
understanding that this syslem will be adopted by CWR this coming year.)

LWERR1l has represenlatives on most of the States Regional Plamning
Cormissicns, the Corps of Eogineers Metropolitan Ares Study, and olher
state agencies. Informalion received from the proposed LARDSAT system
would he incorpercled wviere vossible into the operations of bhese
NUenoc1on,



Dit. James C. Flebcher, Administrator
" Page 2
April 1L, 1976

IMRRI encourages the adoption of the new system. If we can be
of assistance in any way, please call me or my staff.

Sincerely,

Z,Z/zc'_{_,,___.'.’_(.)- /.(,\] fo e

—7 )\
Elvin J. .pantin, bDirector
. Louisiana Water Resources Research Institute

kb

cc: Russell L. Schweickart, Director
User Affairs

Office of Applications
NASA

Washington, D.C. 20546 ORIGINAL PAGE IS
OF POOR QUALITY,
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AND

ECUTIVE ASSISTANT TO THE GOVERNOR BATON ROUGE COORDINATOR
JAMES H. CLINTON

JOINT POLICY COUNCIL MEMBER

Dr. James C. Fletcher, Administrator
Hational Aeronautics and Space Administration
Washington, D. C. 20546

Dear Dr. Fletcher:

The Louisiana Technology Transfer Office (LTT0) was established by
Governor Edwin Edwards as the agency for facilitating technology appli-
cation and utilization in Louisiana. The LTTO working with NASA and the
National Science Foundation has established an office at the NASA/National
Space Technology Laboratories in Bay St. Louis, Mississippi. Through
this office, Louisiana is aware of the current LANDSAT program and is

excited about the increased capabilities of the proposed LANDSAT Follow-
On System.

The LTTO, which serves as a technology broker for Louisiana governmental
agencies and industry, has documented many LANDSAT users. Among these
are the Louisiana Department of Highways, using LANDSAT data for high-

way planning, and the Louisiana Forestry Commission, using LANDSAT data
for crop inventory analysis.

In addition, the Louisiana Offshore Terminal Authority, which is charged
with the environmental monitoring of the Louisiana Superport site, is
currently working on plans for implementing a Satellite Environmental
Monitoring System on State computers. This project will make LANDSAT
available to many state agencies and other potential users in Louisiana.
This effort will bridge the technology gap between the State and Federal
Government by providing technology transfer in its purest form.
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Ur. James L. rletcher ¢~ May 3, 19/6

Other important uses for LANDSAT include quick response disaster programs
such as the Mississippi River Flood Analysis and the Hurricane Carmen

Damage Assessment. Also, the Louisiana Coastal Zone Management Program will
rely heavily on future LANDSAT programs.

Now that Louisiana is making an effort to incorporate the current LANDSAT
land classification system into the State information system, the proposed
follow-on system adds more excitement and meaning to this technology
advancement,

Please call if more information or documentation is desired.
Sincerely,

- Grenkeo FFJ)}@WC:“’ 2

Charles F. D'Agostino
Director

CFD:bc

cc: Mr. Russell L. Schweickart
ODr. Charles A. Whitehurst
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Dr. Jdames C. Fletcher
Administrator

NASA

Washington, D. €. 20546

Dezar Dr. Fletcher:

1 believe the now NASA LARDSAT Follow-On System can only enhance the
utilization of this already-appreciaied resource.

fis a joint policy council member for thé Louisiana Technology Transfer Office,
I have witnessed the application of this datla in state government. Such
agencies as the Forestry Comnission, State Planning Office, Department of
Highways and the Superport Authority have used this information to great
advantage for the citizens of Louisiana.

LANDSAT data would be vital in environmental quality monitoring for the
Superport Authorily, and we hope to establish a sysien based on it.

As Commissioner Charles E. Roemer, II has continued to support the Louistiana
Technology Transfor 0ffice at NSTL, Bay St. Louis, making LARDSAT data
available to all prospective state users, we are very much in favor of your
proposal Lo ‘improve the system.

If T can be of any assistance to you, please do not hesitate to call upon
me.

N AT f,// e
AN 74
- Py L
/é - 97 /// -
4,’ B 'V Colilond? ¢

J/9<mes H. Clinton ;
Assistant to the Commissioner and
Joint Policy Council Member

Sincere1y},a P

ce: Jﬂr. Russell L. Schweickawrl
Dr. Charles Whitehursi
Fr. Charles D'Agostino
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MARYLAND
DEPARTMENT OF STATE PLANNING

301 WEST PRESTON, STREET
MARVIN MANDEL BALTIMORE, MARYLAND 21201 VLADIMIR A WAHBE
GOVERMOR TELEFPHOME. 301-383-245] SECRETARY OF STATE PLANNING

fugust 3, 1976
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The State of Maryland has been involved with remote sensing as a means of
gathering data useful for land use mapping, studies of ecritical arcas and land
capability/suitability analysig since 1971L. At that time, the Department of
State Plamming was an experimenter on a NASA-ERTS-1 demonstration project.

The Department is still committed to the ulilization of data obtained
through remote sensing techniques as was indicated in our Final Report
(Contract No, NAS5-21779 ERTS-1 Investigation #261). We supporb the expansion
of a continuous role for remotely sensed data in plamming programs.

The Director of the Comprehensive State Planning Division, Edwin L. Thomas,
attended a recent meeting of the Remote Senging Task Force of the Naticnal
Conference of State Legislatures. The comments offered by the Department at
that session reenforce our commitment. It is our belief that the Landsat
Follow-On Program will provide the means nccessary Lo fulfill the Department's
long term objectives in ‘the area of remotely sensed data utilization.

We see the inclusion of greater spatial and spectral resolution in the
Landsat Follow-On Program as particularly important. The Thematic Mapper with
its 5 bands and 30 meter gpatial resolution is indispensable in inervsging the
utilily of this data to sub-stabc jurisdictions., With it, arca wide and
counly land use plamming along with growth management would be placed Fivmly
within -the remole sensing perspeclave.

The advantages of remote sensing noted in our fTinal report -to NASA would
be cven more significant under the Landsab ¥ollow-0On Program. Specifically,
the proposed improved sensor and system capabilities would permit greater:

. Standardization of data collection and reporting tLechniques
Timeliness of information, speed

Change detection

Subgtitution for other data sources

Updating capability

Quick look - discovery of areas neceding mcre detailed examination
. Economy - prevent duplication

a
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Dr, James C. Flelcher
thgust 3, 1976
Page 2

8. Reliability (lacking ambiguity)
9. Accessibility
10. Aeccuracy without ambiguity

sufficient continuity exists between the Landsat C System and the Landsat
Follow-0On Program to insure data continuity for the most part. We noted that
a decrease in the period of time between data acquisition and availazbility Lo the
user is proposed. In this regard, the Department has recommended that more
training is needed along with increased equipment availability and techniecal aid
to adequately handle the increased amounts of data.

For your informaticon, I am sending you a copy of a statement which Senator
Mathias placed in the Congressional Record of June 23, 1975 regarding our ERTS
experiment.

The Department supports the proposed Landsat Follow-On Program; 1t i1s
imperative that this program planning continue bDecause it provides a positive
climate for existing and short term remoie sensing data ubtilization activities.

Thank you for your assistance in this matter.

Sincerely,

\

T R .
\.\<_ v L NPREETOE W T Wl -

Vladimir Wahbe

nb: letter; Governor HMandel to Maryland Congressional Delegation
Enclosure

cc:  Senator Charles MeC., Mathias
Senator J, Glemn Beall
Congressman Robert E, Bauman
Congressman Clarence D, Long
Congressman Paul Sarbanes
Congresswoman Marjorie 3. Holt

Congresswoman Gladys Noon Spellman “Action Copy to S
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The State of Maryland has participated in a varicly of programs designed Lo employ the
latest technological advances. 1 feel that the Deparlment of Stafe Planning’s involvement in the NASA-
ERTS-1 demonstration project, which utilized data gathered by a satellite in carth orbit, is an oulstand-
ing example of such a program. Up-lo-date land use mapping for Lthe entire State has been completed
under this program. This mformation along with other inputs will assist in Lhe production of a State
Generalized Land Use Plan.

Bascd upon the inlormation available al this lime, we supporl e NASA Landsal
Follow-On Program. Weiecognize thal several questions still remain including difficultics concerning
data processing capability; however, overall program effectiveness would not be hampered when these
mallers are {inalized.

The dala produced by Landsat have proved Lo he quile valuable to the State of Mary-
land. The changes proposed for the Landsat Follow-On Program would provide the grealer detail
needed Lo make it even more valuable to State level planning agencies. The improved 1esolution and
[requency of coverage would permil improved studies of forest defoliation, water quality, land use
change in dynamic areas, shoreline development and change, as well as land form and geologic analysis,

It is essential thal NASA be allocated sufficient funds to sustain the Landsat Follow-On
Program. Qur research has demonstrated that the lotal costs lo acquire, process, interprel, handle, and
wap USGS Level { land use dala are approximately thirleen (13) times greater if ERTS is nol ulilized.
These reduced costs will assist all levels of government in increasing the benefits returned to their
residents for each lax dollar collected.

The Landsal Follow-On Program is a logical and benefietal exlension of existing pro-
grams. The advances made under Uus original NASA-KRTS-1 project should nol be blunted by fail-
ing to support this program. Our experienee has shown Lhal reduced cosis and inercased benefits
have resulied fronn the use of dala gathered by salellites in carth orbit. With respeet Lo this program
one can cerlainly say that the future is now.

Thank you lor your consideration of this maller.

Sincercly, ORI
hes PH\TAL PAGE 15

Governo

MM/hej

LY ladlimir A Wahbe

)ngz b 9////3%



ongressional Record

T:anted States ) . . . .
of America.  PROCEEDINGS AND DEBATTS OF 1HF ¢4 CONGRESS, FIRST SESSION
Vol. 121 WASHINGTON, MONDAY, JUNE 23, 1975 . No o0

Senate

MonbAY, JUNE 29, 1975

SATELLITE OVER MARYLAND

Mr MATHIAS, Mr. President, I wishi
te call the atiention of the Senate to a
very interesting example of the apploa-
tion of NABA-developed techmology for
the direct use and benefit of pecple and
local government. The Maryland Depait-
ment of Stale Planmng and Earth Satel-
iite Corporation have published the re-
sults of an explrment entitled “Applica-
tion of ERTS-1 Data to Integrated State
Planning m the Stat~ of Maryviand * This
was & yoint pablic pgency-private corpo-
ration effort to examine, test, and apply
remolely sensed data [rom satellites and
other sensors in the realistie setting of a
statew!lde general land-use plan progrum
Additional Input o the study was pro-
cured by the use of hugh atrcraft imagery
for moie detalled results

“Thix 200-page document should hevers
Important reading {1 land-use planners
on all levels of Government It siwows Lhat
NABA satellite dala has a demonstrated
capabllity to produce land-use informa-
lon on & par with U 5. Geodetiec Surve,
infurmation gt a chst substanually loy er
than the cost Lo produce simllar inforine -
twon by traditional means AMaryviand was
a most eancting test case for the applica-
tion of satellite date us it is & small
tensely settled, and diversely landacaped
State and this study concludes that m
environments of less complexity much
higher use levels will be reallzed for
satellite-produced data.

We do not today know all of the uses tn
wliich sateilite-produced data can be put,
This Is s new fleld and a growing one, 1
commend to any interested party that
they review this study as 1t may well
~erve us @& baseline program for othes
States and reglons to look at and to bene-
Ot from In the many ways that are por
tiaved throughout the repoit. I am ~un .
Lthat Dr, Viadimir Wahbe seclietaiy ot
the Marylangd Departinent of State Plan-
ning in Beltimore, and others associated
with this department In the preparation
of this study, would be pleased to recene
mguiries and  to ~upplv  aformar o
shout {t .

QRIGINAL PALLL 1D
65 BOOR QUALIYY,
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LOUIS N, PHIPPS, JA,
STATE OF MARYLAND PEPUTY 3ECRETARY

DEPARTMEMT OF NATURAL RESOURCES
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Dear Dr. Fletcher: OIGRAWIC 0L reseepsecins

The State of daryland is appreciative of rhe applications of Landeat
data which hus been generated at the WASA/Goddard Space Flight Center.

The specific application to which I wefer 'is a mined land inventory of
Vestern rarylond using Landsat data. The investigation was done by
Arvthur T, Andersen, NASA/Goddard, whe worked in close collaboration vwith
Maryland Geological Survey personnel.

The methodology wvorked out by 1, Andevson provides the State of Mawyland
with a rapid, cost-effective program {for inventorying the mined lands in the
ceoal region in our westermacst countics. This rapid mapping techuique will
make it possible Cto inventory the land mined in the area over a given period of
time and has potential in identifying the quality of reclamation in areas vhcre
mines have been backfilled and revegetated,

The inwventurying technique will assist the Maryland Bureau of Mincs in its
regulatory and wanagement functions becAause it will provide a rapid updste and
cross-reference for field determined mining and reclamation data.,

We feel that significuant savings wmay accrue to the-state from the developwesn
of rthis Tandsat techmnique, 1L the Landsat data could not be used, other methods
such as aerial photography on a periodic basis would have to be applied, Althoug
acrial photographs may 1lcad to more precise measurements of mined land, it would
also be considerably more expensive,

We are now considering various weans of pulting the methodology developed
by Mr. Anderson iuto operational use including assigning one of our geologists uo
work with Mr. Anderson at MASA/CGoddard for a short period to familiarize himsclf
with the hardware and software applications



Dy, James €, Fletcher, Page 2 May 3, 1976

We are looking forward to other possible follow-on activities including
collaboration with NASA/Goddard in cxpanding the methodology of mined land invento
developed in the coal regions of the state to those areas which have been aifected
by other types of mineral operations.

Sincerxely yours,

i
- s - .
R N APy

James B. Coulter

Secretary
JGC: id
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J. Huew Hicious ANNAFOLIS. MARYLAUS 24T COUNTY ADORESS.
HOWARD COUITY 6117 SEBRING DRIV™

opITTELD OH APPROGPRIATIONS COLUMPIA, MARYLAND 2105

July 2, 1976

?

Dr. James C. Fletcher, Administrator

NASA/Headguarters .-

Code A g?IGINAL PAGE IS
Washington, D.C. 20549 POO R QUALITY

Dear Dr. Fletcher:

As you are probably aware, the National Cenference of
State Legislatures' Task Force on Satellite Remote Sensing for
State Policy Formulation is completing an analysis of the past
and pessible future uses of satellite imagery in State applica-
tions. A final repovrt will be forthcoming shortly.

In the meantime, I thought you might be Lnto1o'- 1 in omy
impressions as Ch;lean of the Task Force. The mesnbe s were
Very entnus:astic about the potentinl applications or this
technelogy. A wide range of cxisting aspplic.ticns was reported
There 1s, howev '1, an even wider range of pot“nLLa} applications
but many State poiicy makers arc hesitant to nake the expendi-
tures to implesent them because of the uncertain availabrlity of

data.

Thorofore, I beileve 1t is very inmportant that a commic-
ment be wmade to the LANDEAT Follow-On pro;cut as soon as pescible
and that this informz.ion be made available to the Stazes, p ‘siblx
through the National Goverucrs Conferscnce and the National Cenver
ence of State Legislatures. Early knovledge of MASA'S coimii mgat
will provide them the necessary lead time and “ill permit them o
make the necessayy investnont decisions to take full advantage of

. the wealth of resource data on an on-going, 0prr.bzongl basis.

The last wmceting of the Task Force wis held 1n my ovn State
and I believe the enclosed letter from the Dirvector of our LEnergy
and Coastal Zone Administration-is o good example of the geaeral
impressions sct forth above.

Sincerely,

/ { j\\ 5 "‘i 3 .

\_\‘ t

[ ..Hugh Nichols
L.ncl: .

TR Paveew Soehaarvoc b ep
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STATE OF Missourl
CHRISTOPHER S. BOND Jerrerson Crry

covernon April 19, 1976
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National Aeronautics and TratroroLiad .,443Lﬂ

5S5pace Administration Feer o Healy for

Washington, D. C. 205446 S;gnaiura of M

Dear Dr. Fletcher:

The State of Missourl has been participating in
various remotc sensing activities with great interest.
Some of our activities and plans for the future evidence
our interest in the future availability of satellite
data and are summarized in the attached statement provided
by the University of Missouri - Rolla.

Missouri looks forward to the continued availability
of satellite images which we are finding of extreme impor-
tance to many of our state agency programs.

Sincerely,
Gyl bind
A w5ar. LS
(listr O 2
GOVE%\YOR
prw - l
; e bl Actlon Copy to G Wit
Enclosure UJ :_%[Lkzg Aue b ar ket xe Info Cﬂpyptyo T as o,
AL - ) ) LG

AoH35

o T e 0

.\ Rec'd in NASA 4-4d-7F

ORIGINAL PAGE 15 Sugpense Dete .2 S:e-le
OF POOR QUALTY, Prapare Reply for A
Signsture of __-lo..



SUMMARY OF ACTIVITIES AND
PLANS FOR THE FUTURE
PROVIDED BY

UNIVERSITY OF MISSOURE - ROLLA

Missouri became involved in the early NASA sponsored
and funded aircraft programs. A number of NASA flights werce
obtained by researchers at the University of Missouri and the
Missouri Geological Survey during this pre-satellite program.
Much useful information was acquired regarding the geology,
so0ils and existing land use in specific areas of the state.

In 1973 Governor Bond appointed a Committce on Remote Sensing
Teporting to the Governor's office, which reviewed the need for
cataloging remote scnsing datd, determining uscr needs and
developing an organized educational program. This committee
was later reorganlized as the Interdepavtmental Council on
Natural Resources Information. Through the efforts of the
Council and the University of Hissouri, two remote sensing
conferences directed toward application were held in 1974
and 1975. Course work developed at the University of
Missouri and a remote sensing laboratory developed at the
University of Missouri - Rolla have been supported by grants,
loaned equipment, and advice from NASA and the USGS. Addi-
tionally, two detailed workshops to provide hands-on experi-
ence with remote sensing techniques and products have been held.
These workshops were attended primarily by personncl of state
agencies, and a number of specific projects have becen initiated
as a result of workshops.

One project has been an inventory of the Grand Platte
River Basin by personnel from the Missouri Department Of Conser-
vation. Landsat I images were used to determine the forested
areas of this river basin. Additional work has shown that the
7 1/2 minute quadrangle maps can be updated to include the forest
arcas. Satellite images werc supplemented with aerial photography
to produce an analysis of the type of timber, and estimate of
productio:x and an cvaluation of wildlife and recreational potcntial
This projecct was summarizced in a report cntitled "Procedures for th
Grand Platte River Basin, Multiple-Objective Land Usc Planning
Situdy" issucd 1in July 1975.
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The Soil Conservation Service became interested in the
use of Landsat images for developing an updated general
soils map of our state. A contract for over $20,000 was
developed with the Laboratory for Applications of Remote
Sensing (LARS) at Purdue University to provide computer
analysis and output of the Central Missouri area for this.
purpose. Evaluation of this output is continuing, and it
appears satisfactory to the point where consideration is
being given to an analysis of the entire state. This infor-
mation has been extremely helpful in the soil mapping program,
a cooperative effort between SCS, the University of Missouri
Agricultural Experiment Station and the Forest Service, to
provide detailed soil maps of the entire state.

Another important project which was an outgrowth of the
earlier Governor's Comanittee on Remote Sensing has been the
indexing of all aerial and space images over Missouri. This
effort was funded by the Rural Development Center at the
University of Missouri. A copy of the publication from this
project entitled "Index to Aerial and Space Photographic
Coverage of Missouri" is enclosed: This work summarizes
all of the available federal, state, and private aerial
photography, as well as Landsat and Skylab images taken
over Missouri. Future workshops on remote sensing will make
extensive use of this publication.

The index has already been extremely helpful to the
Soil Conservation Service. The knowledge of existing high
altitude photography has saved them over forty thousand
dollars in two counties where they could order existing
photography rather than schedule a reflight by their agency.
This one cost saving is more than three times the cost of
developing and publishing the index.

A temote sensing applications committce of the council
is reviewing the nced for a state remotc sensing information
center. The committec is also charged with the responsibility
For identifying remote sensing research needs and providing
coordination of remote sensing products among our state
agencics.
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NASA Technology Transfer Grants issued to the University
of Missourjand the Department of NMatural Resources are de-—
veloping the procedures for manually producing Level 1 land
use maps from Landsat images. Emphasis is also placed on
organizing workshops for training of local, county and
regional professional staff in the use of Landsat images.
Addlitionally, the contracts will look at the possibility of
digitizing the aerial photography and space image indexes
to provide a current update and more flexible utilization of
that product.

A study of the Mississippi River being conducted by
the Unilversity of Missourl - Rolla for the Corps of Engineers,
which draws upon NASA data, is also of interest to this state.
The serious floods of 1973 and 1974 point the need for this
important study. The effect of the river on commerce and the
econonly of our state is of obvious importance.

The future satellite remote sensing systems are of
interest to many of ocur state agencies. The increase in
resolution from 70 meters to 30 meters of future systems will
greatly enhance the detail and the planned use of these
images. The soil mapping program, as indicated previously,
would greatly be accelerated with the increased resolution.
Our Department of Natural Rescurces and Department of Conser-—
vation are interested in a current inventory of our timber
resources within the state. The assessment of the quantity
and quality of this resource would greatly improve our ability
to adjust our manpower and resource needs for the wood pro-
ducts industry.

The U.S. policy for all-out food production has had a
direct effect on agriculture in Missourai. ¥Vle are aware
that pasture lands in the northern part of the state have
‘been plowed up and planted to row crops. In our Ozark Region
in the southern part of the state timber and brushland arcas
have been converted to pasture. We arce in need of informa-
tion relative to the extent of these changes an order that
our agricultural programs might be appropriately adjusted.
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There arc certain episodical events such as drought
and storm damage to crops which are also important to our
Department of Agriculture. We would anticipate the usc
of satellite images to assist us in determining thec regional
consequences of such events. An inventory of our irrigated
lands, especially in dry years, would also be extremely help-
ful. Many of our current yield models consider only moisture
and temperature, and, therefore, emphasize the neced for
knowledge of irrigated acres.

The O0ffice of Administration has the responsibility
for the land use planning function of the state. The know-
ledge of current existing land use is extremely important in
land use decisions. The Landsat information provides a way
of readily updating land use changes and assists in verifying
any prediction trends.

The mining industry is extremely important to Missouri.
Geologists have been able to use the Landsat images to broaden
the effectiveness of mineral exploration. A mine land inven-
tory is currently being conducted to assess the total number
of acres involved. We are also especially interested in the
number of acres which have been reclaimed and the amount of
reclamation which neceds to be considered in the future. The
NASA Applications Transfer Grant will greatly assist this
effort and demonstrate the applicability of Landsat data in
the management of mineral lands of the state.

An increase in expenditures for the use of remotely sensed
data is anticipated. It is difficult to forecast an exact
dollar amount as of this date. The input from the Interagency
Council on Natural Resources, as well as approval by the heads
of the different state agencies, will be considered.
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316 North Fiith Street, Room 521 - Bismarck, North Dakota 58505
Telephone (701} 224-3700

A. William Johnson, Directar

July 7, 1876

Dr. James C. Fletcher, Administrator ORIGINAL PAGE IS

National Aeronautics and
Administration
Washington, D.C. 20546

Dear Dr. Fletcher:

Space OF POOR QUALITY

I am submitting this letter to be used as a testimonial
in support of the NASA request to the Congress for approval
of a LANDSAT follow~on program. Within the last two months
the North Dakota Regional Environmental Assessment Program
has made a major financial and programmatic commitment for
the long-term utilization of LANDSAT information as a corner-
stone of our geobased statewide environmental assessment
system. We are utilizing this system to develop a land cover
analysis for the entire State of North Dakota, and presently
have an existent contract for the acquisition of such data,
of 1974 and 1975 vintage, to provide a baseline for that
analysis. One of the major reasons for selecting the LANDSAT
capability, over other options we had available to us, was
the expectation that changes in land cover could effectively
be monitored through LANDSAT imagery over an extended period

of time.

The REAP program was established by the Legislatiwve

Assembly of the State of

North Dakota in 1975. It is to

provide for the state a comprehensive system for environmental,
sociceconomic, and sociologic data acquisition, for the inte-
grated assessment and forecasting of impacts, and for the

monitoring of changes in
lation provides specific
purposes to be served by
this informatien in this
entitled "REAP Synopsis"

baseline characteristics. The legis-
mandates to REAP and outlines the

the REAP system. Rather than detailing
letter, I enclose a copy of a document
which outlines briefly the history,

the mandates, the purposes, and the activities of REAP. That
document was dated January 1976 and a number of these activities
are much further along than implied by that document. Specifi-
cally, we now have in force $1.2 million worth of contracts

with a variety of organizations for the acquisition and gathering
together of baseline data in the general subject areas of air
quality-meteorology, animals, geology, historic-archaeologic-
paleontologic sites, land cover analysis, social impact socio-

economic impact, soils,

vegetation, and water. One of these

A Program of the North Dakota Legislative Council
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contracts, totaling approximately $140,000, is for a complete
land cover analysis of the State of North Dakota using 1974
and 1975 LANDSAT imagery. This analysis is to be complete by
October 25, 1876, and will result in the preparation of hard
copy county land cover maps, as well as a digital tape con-
taining land cover information aggregated to 40-acre cells.
It is our intent that this tape information, particularly,
serve as a beginning baseline for a long-term monitoring
effort which should provide exact information on the nature
of land use changes within the state. As you may be aware,
there are a large number of issues of concern in the state
related to land use, issues such as wetlands, reclamation
practices, the extent of strip mining, urban sprawl, reduc-
tion in amount of native prairie left undisturbed, etc. It
is my hope to interest NASA in participation in this monitor-
‘ing effort.

REAP is approximately one year o0ld at this point. One
of our major ongoing efforts has been the design of a computer-
based system for the storage, retrieval, and analysis of
information on the subject characteristics mentioned above.
Our system design effort is well along at this point and is
to be completed by October 18, 1976. It is our intent to
implement a geobased information system pertaining to the
various subjects mentioned above so that we may accurately
describe "what is" with regard to the State of North Dakota
and its subdivisions. In addition, we expect to utilize this
system as a base for projecting the expected impact created
by a variety of development scenarios. Whether the issue be
the extent of irrigation, the extent of coal strip mining, the
development of potash solution mining, or a host of other
issues, the basic subject characteristics mentioned above all
are important in the consideration of the alternatives available
to the state.

At the present time we have made the commitment to use
of the LANDSAT system to satisfy our major land cover analysis
needs. This information will be used in decisionmaking on
the statewide level, at the county level, and at the regional
planning level. The agencies which will be involved in the
utilization of this data are the legislature itself, executive
branch agencies, and several levels of local government, We
had an opportunity to .enter into a contract with the U.S.
Geological Survey to utilize their LUDA program, but one of
the major factors in our turning to LANDSAT instead was the
likelihood, and certainly the hope, that such a system would
have a long-term existence and would thereby be able to produce
comparable data for the assessment of land cover changes. At
the present time our effort is financed 100 percent by state
appropriation.
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We have already elicited a great deal of interest amongst

local government within the State of North Dakota for utiliza-
tion of this data, and, in fact, have received financial
contributions from one regional planning council and from

the state agency responsible for EPA "208" water quality
management efforts, particularly those dealing with non-point
source pollution.

I hope that the information provided above has indicated

that the State of North Dakota has made a major commitment to
the utilization of LANDSAT imagery, and has proceeded well
beyond simply making a commitment, but actually has a dollar

investment.

We are incorporating the availability of LANDSAT

information into our overall REAP system design. If LANDSAT
imagery is not to continue to be available, a very serious
impact will have been created on the REAP system. I think
there is general agreement around the country that LANDSAT
analysis is probably the most accurate, and certainly the

most cost effective means,

for carrying out land cover analysis

on large realtively open areas such as we find in the State of

North Dakota.

It is my sincere hope that the flow of LANDSAT

imagery will not be interrupted.

AWJ : amb

Enclosure

cc: Mr. Russell L, Schweikart
Mr, Stanley C. Freden
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REAP Synopsis

The North Dakota Regional Environmental Assessment Program {(REAP) is an
innovative program which could serve as a model for other states and
regicns. It will provide a comprehensive system for environmental,
sociceconomic, and sociologic data acquisition; for the integrated
assessment and forecasting of impacts on these characteristics arising
from potential development activities; and for the monitoring of these
characteristics. REAP will coordinate the results of the myriad studies
underway, will initiate its own studies where appropriate, and will make
the results of all available in a usable format to decision makers.

Four main tasks will be undertaken to provide North Dakota decision
makers with facts rather than speculation upon which to base decisions
affecting the citizens of the state. The four tasks are: 1) Baseline
data acquisition; 2) Information system design; 3) Assessment/simulation/
modelling design; and 4) Monitoring system establishment.

The idea for such a capability in North Dakota arose in 1974, when,
realizing the need for an accurate and coordinated information and fore-
casting tool for decision makers, the North Dakota Legislative Council
~contracted with Battelle's Columbus Laboratories to design a comprehen-
sive system. The firm prepared and presented to the Resources Develop-
ment Committee (RDC) a report suggesting the design and structure for a
"Regional Environmental Assessment Program.” In October 1974 the concept
was approved by the RDC and in November a draft bill was prepared.

On April 10, 1975, Governor Arthur Link signed House Bill 1004 which
established the North Dakota REAP and provided an appropriation of

$2 million from a special coal development fund (obtained from coal
severance taxes), plus such other federal or private funds as may become
available.

As stated in HB 1004, REAP is charged with " . . . establishing and
carrying on research in regard to North Dakota's resources . . . for the
purpose of assisting in the development of new laws, policies and govern-
mental actions and providing facts and information to the citizens of
the state."™ Further, REAP is responsible for " . . . the development of
necessary data and information systems in regard to the existence of and
potential use of North Dakota's natural resources in order that

(North Dakotans) . . . may know . . . the alternatives available to the
state in any use and development of resources in order that . . . any
such use shall in fact enhance the guality of life of the citizens of
the state."

The Legislative Council appointed a Resources Research Committee (RRC)
to be responsible for implementing the program. The RRC consists of
three state Senators, two state Representatives, five representatives of
state agencies in the executive branch, two representatives of the
universities, and one citizen-at-large. A director and small staff have
been appointed.

In August 1975, the REAP director formed the Technical Advisory Council
{TAC) comprised of selected specialists in various fields to provide
overview advice to REAP on its programs and projects and to assist in
evaluating proposals and completed projects.

(over)



The director also formed technical task forces (TTF's), comprising
specialists from universities, state and federal agencies, and industry,
in 11 subject areas to begin assessing the priorities for data acquisi-
tion and compilation. The TTF areas of study were air gquality-meteorol-
ogy, animals, geology, historical-archeological-paleontological, land
use, noise-radiation-solid waste, social impact~quality of life, socio-
economic impact, soils, vegetation, and water. Nine of these task
forces met in the Fall of 1975 under the direction of REAP's two associ-
ate directors. The report of these TTF's was completed December 8 and,
after review by the TAC, was presented to the Resources Research
Committee on December 18, 1975. This report provided the basis for

REAP staff selection of priority study projects.

After a review of the capabilities and interests of several firms in
August and September 1975, IBM Federal Systems Division was chosen to
conduct a system design study for REAP. Phase I of the study provided
for appraisal of the computer sites available to REAP, preliminary
design of REAP interim capability, and a requirements analysis and
conceptual design for the entire REAP system.

At its December 18-19 meeting, the RRC took a number of steps which begin
to shape an operational REAP.

First, the committee approved the recommendation cf IBM/FSD and the REAP
staff that the Central Data Processing Division of the Department of
Accounts and Purchases in Bismarck, with its IBM 370/145 computer, be
selected as the computer site for REAF.

Second, the RRC directed the staff to take the steps necessary to imple-
ment two interim capabilities such that they be in operation before
November 1, 1976. The first will be a computer—-based REAP Resource
Reference System (RBS) which will provide on-line access to information
relating to resource analysis and development. The second will be the
initial module of an econometric-demographic (E-D) model, capable of
forecasting certain economic and demographic changes in North Dakota and
its political subdivisions.

Third, the RRC concurred with the overall conceptual design for REAP as
formulated through Phase I of the IBM/FSD contract. It also authorized
the continuance of the design work through Phase II of the contract.

Fourth, the RRC directed the REAP staff to arrange for the commencing of
baseline data acquisition studies in nearly all TTF areas in accord with
the priority list presented. Existent data will be evaluated and new
data will be obtained through these efforts.

These actions by the Resources Research Committee initiate efforts to
address all four main tasks assigned to REAP. While implementation of
the full REAP system is a multi-year effort, the steps taken to date
will assure the provision of both an information capability and an
analysis capability by January 1977.

1-5-76
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Dear Dr. Fletcher: @ ALITY

The State of Ohio is a progressive state in both the utilization and
the protection of its resources. As such, geophysical, social and
economic data processed into information meaningful to the decision
and policy making elements of state, local governments and regional
agencies 1s of great importance. However, the chocice of an operational
system of information for resource management draws from measures of
information value such as cost, timeliness, and ease of generation.

Qver the past five years, the State of Ohio has examined the application
of earth resources observation systems and we have established the
capability to utilize the significant attributes of these systems for
information concerning Ohio's resources. Specifically, in the case of
the Landsat system, the state is using this data to develop and
continually monitor Tand use in the state. We are relying upon the
future availability of Landsat data to update this cost effective
statewide land use inventory.

Because of these experiences, programs utilizing. the satellite system
will continue to have my support and encouragement.

Sincer zf’
lﬂ.@‘-\\z@/{‘%‘

AMES A. RHODES ,
Governor . e
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Dear Dr. Fletcher:

As you are aware, the Ohio Environmental Protection Agency is par-
ticipating with its sister agencies, the Department of Natural
Resources and the Department of Economic and Community Development,
in order to develop a statewide land use inventory using ERTS and
LANDSAT data. I am most satisfied by the fact that my Office of
the Planning Coordinator has informed me of the progress of this
program to date toward realizing a statewide land use inventory
with a land use categorical breakdown of sufficient detail to be
utilized in several of our categorical environmental programs.

Principally, we expect to use the LANDSAT inventory in our waste-
water program, particularly in the planning for Sections 201, 208
and perhaps 305(b). Each of these sections of the law requires
some form of land use data manipulation in order to determine
incremental five year projections over a 20 to 50 year timeframe.
We anticipate the use of the LANDSAT data as being particularly
informational as the state undertakes it obligation under Section
208 Areawide Waste Treatment Management Planning. The reason that
LANDSAT data is so valuable in this context is that most of the
state has no land use information and much of the land use informa-
tion that is available is not broken into land use categories that
are directly of assistance to OEPA in its planning efforts.

Another categorical program in which the Agency anticipates exten-
sive use of LANDSAT information is in the air pollution control
program. The APC office is charged with responsibility of state-
wide air quality planning and monitors and supports the various
regional air pollution control authorities throughout the state.
The particular concern of the air program in utilizing LANDSAT land
use information is for the state's participation in implementation

100% Recycled Paper
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of the air quality maintenance area program and associated non-
degradation objectives. It appears to me that both the wastewater
program and the air program reflect an intensive 1and use planning
and analysis activity on the part of the Ohio Environmental Pro-
tection Agency. As such, the LANDSAT program has tremendous
potential both in terms of information gained and a tremendous
opportunity in terms of minimizing the kinds of resources normally
associated with development of such a data file. ATthough our
LANDSAT program is not at a point where we have any finished
products, we are anticipating some outputs within the next several
weeks and as such look forward to realizing a long identified need
within the state and its associated planning functions.

I would anticipate that the availability of LANDSAT information at
the state level would also be readily available to particularly
areawide and/or regional planning bodies who need virtually the

same kind of information. It seems appropriate, however, that this
information would require even further analysis and differentiation
at the areawide or local level and as such the state is looking into
the possibitity of further specifications of LANDSAT infcormation.

It is my feeling that continuity of an environmental planning program
is specifically maintained at the areawide and/or regional level.

For instance, the 208 program and the local air agencies (as par-
ticular examples) are affected by day to day activities and decisions,
therefore state land use planning, over time, would merely provide
the overview and guidance to provide for homogeneity and equitability
of state policies from area to area.

My Agency is, at the moment, seriously undertaking identification of
further utilization of LANDSAT data within our non-designated (208)
planning program as it relates directly to the nonpoint source water
quality activities so necessary in order to incorporate its required
implementation and management strategy at the areawide level. This
activity would effectively integrate tand use, water quality, demo-
graphic, cultural and engineering information banks into the nonpoint
source assessment in an evaluative systems format.

In summary, this Agency is fully prepared to make many uses of the
LANDSAT information, even to the extent that the new Drinking Water
Quality Act delegations to the state require -(again) similar kinds
of land use information as is required in 208 and the air program,
and that we fully anticipate being able to use it effectively and
efficiently,

N .
Director

NEW/mam

cc: Russell L. Schweickart
NASA Headquarters
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The purpose of this letter is to emphasize the importance of
LANDSAT data to the State of Ohio, in particular my Department of
Natural Resources, and to identify current and potential future use
of these data. In general, we support fully the continuation and
development of the program by NASA.

The Department is currently completing a statewide land use
inventory based on the use of LANDSAT data. The economic and time-
saving benefits of this program will be significant in our efforts.

Once our initial land use inventory has been completed and
stored in digital form, we will have a base which can be readily
used for various purposes. I believe that one excellent potential
of these data is that changes in land use can be detected through
updating of the information, various statistical information can be
generated, and supplemental inputs can then be utilized for more
detailed analysis of specific areas. As improvements are made in
remote sensing and computer technologies, the land use inventory
will reflect these improvements.

I believe that perhaps the most important aspect of utilizing
LANDSAT data is that information is obtained from a single source
using the same criteria over the entire state within a narrow span
of time. This, as opposed to a myrlad of sources working 1ndepend—
ently over long periods of time as in previous statewide inventories,
has obvious advantages.

At present the Department has five staff people engaged in the
preparation of the Ohio statewide land use inventory. Their back-
grounds are in remote sensing, computer sciences, and regional
planning. Various computer programs presently being used are com-—
patible for use with the LANDSAT data, as are the various computer
hardware elements. The initial inventory is expected to be completed
by December 1976, with improvements and updating to be carried out
from that time.

ORIGINAL PAGE IS
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useful in Areas other thap land 15e Planning; fer examplea, in
tha determination of non-point Pollution Sources for the 208
watar quality study, wonitoring of surface mining, ang deter-
mination of the progregs of mine reclamation work.

In SUmMmary, we Suppcrt the Naga effort in collecting LANDSATD
data, and would like to assure you that e feel tha¢ these data
have many potential ¥8es in Chio, some of which of course may notr
be fully Tealized at thig time.

Sincerely,

“Lshu b G

ROBERT w. TEATER
Pirector

RW2/c1

CC: Mr. Rugsel]l L. Schweickart
Director of User Affairg
NASA Headguarterg
Code BK
Washington, p, C. 20546
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Dear Dr. Fletcher: o

The Department of Economic and Community Development is the
coordinating agency for Ohio's utilization of satellite data.
The results of past studies and the present Landsat work indi-
cate several appiications of interest to the State of Ohio.

Of particular interest is the continuance of a land use inven-
tory by this Department in cooperation with the Ohio Environ-
mentai Protection Agency and-the Ohio Department of Natural
Resources. The products of this effort are maps of land use
for each county and township with detail to the one acre level.
Tabulations of the amount and percentage of land use within
each of these geographic boundaries are also available.

The expanding scope of state planning has created the need for
an accurate, up-to-date comprehensive Ohio Tand use inventory.
The inventory is applicable to a wide variety of new planning
programs throughout state government and DECD. Specifically,
development of statewide land use and growth policies requires

a land use inventory as in input to decision making: HUD "701%,
Commerce "Coastal Zone Management” and EPA “"Water Quality Plan-
ning" as required by Federal Interagency Land Use Agreements.

‘In order to generate this inventory in an economical, timely
and uniformly accurate way, the Landsat satellite was chosen
as the data acquisition system. Landsat married tc machine
processing techniques are providing the expected benefits.



A 1965 land use.inventory cost $191,000, or roughly $310,000 in 1975
dollars, and took two years to produce from data ranging seven years
apart. The present inventory is expected to cost approximately
$115,000 and take one year to prepare. The prospect of a cost

effective update capability relies on the availability of the Landsat
data acquisition system.

The Ohio Statewide Land Use Inventory is a product with a Tong term
clientele; state agencies responsible for planning and monitoring

land use, regional planning agencies and Tocal planning commissions.
The product must be updated periodically and improved in an ongoing
program requiring earth resource data. The Landsat system is the most
cost effective data acquisition system available and continued
availability is quite important to this Department's program.

In closing, we are interested in information that is appropriate,
timely, and cost effective for day-to-day operations and for policy
decisions. We have found the Landsat system to be an important
component of a growing number of resource information systems. We
encourage your continued efforts to improve its capability to provide
economical, timely, and quality data.

- Sincerely, A:
Action Copy 10 —Ammr Cla_/ : @ ! ,
Info Copy to A AL w g/ c el

R 2 \Ir’ 4
_Andh } %nes A. Duerk

5/4(;7 TS /3 __.%_Cz.__ Director

Roc'd in MASA /2026
Suspense Bate _Zfif.lfé/fé
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Dear Dxr. Fletcher:

I have learned that NASA is now planning some
advanced versions of the LANDSAT A and B systems now
used in the Pacific Northwest Regional Commission Land
Resource Inventory Project. We feel these new systens
will provide a readily available source of land data
for usc by state natural resource agencies.

The States clearly have a nesed for timely and
cost-effective natural resource infaormation. Conven-
tional methods require a great deal of time, energy and
manpower. Because Oregon is heavily resource oriented,
we are very concerned about the intelligent management
of those resources, and we feel that satellite surveil-

lance can be an effective tool in public managesment
pPrograms.,

The LANDSAT demonstrations of our current Land
Resources Inventory Project are hnot yet complete, but
the results rcported by the agencies involved are en-
couraging. We have five primarxy demonstrations within
the project in Orcgon, all of which arc showing encour-
aging resulis.

The Department of Water Resources is monitoring
the irrigated lands in the Klawmath River Basin as a resulf
of a regianal compack betwcen the states of Oreqgon and
California. Conventional mcthods do not readily permit
an asscssment of the new irrigated acreage' because the
cost inveolved in performing the neccssary SUrveys is
prohibitive. llovever, resuli:s obtained in our satellite
demonstrotion project are very accurate and will be help-
ful in the coming yeay.



The lloncrable Dr. James Fletcher
June 11, 1876
Page 2

The second project showing early results is one
involvirg the noxious weed Tanzy Ragwort which infests
sixteen counties in western Oregon. Livestock losses
have been several million dollars per year. The extent
of infestation of this weed has virtually precluded its
control. The personnel from the Oregon Department of
Agriculture have been encouraged by the results of the
satellite work done in one test county in Western Oregon,
and they are now expanding the project to cover the entire
sixteen county area.

The State of Oregon will continue to explore
LANDSAT data for Land Resources Planning and Management.
We also expect that operational LANDSAT Follow-on systems
will be utilized as a major source of data needed to
effectively plan and manage the natural resources within
the State of Oregen.

Sincexely,

P, .
Va5 (Pl
GCovernor

RWS :bh

b
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On behalf of state government and all the people of the state of South Dakota,
I would like to express enthusiastic support {or the proposed Landsat Follow-

On program,

Scveral agencies in state and local government in South Dakota are currently
involved in operational applications of TLandsat data in land use and natural
resource plaming and management cfforts., These applications have, by and
large, proven to be very successgful, and the value of Landsat imagery, i both
digital and photographic formats, has been repeatedly demenstrated,

Recognizing the utility of this type of data, the State of South Dakota, the State
Planning Burcau, and the Remote Sensing Institute have made considerable
investments in the development of Landsat analysis procedures and software

systems.

The Planning Bureau, for example, has developed a Land Resource
Informaton System bascd, in large part, upon Landsat digital data,

These

investments, while justiliable on the basis of the current satellite scries
(lLandsat -1, -2 and -3), wcre made with a view toward the establishment of

a second gencration operational satellite series such as that proposed in the

It is our hope that the President and Congress will allow
the full promise ol satellite remote sensing for land resource planmng and’
management o be realized, The Landsat I'ollow-On program clcarly provides
the best mcans of achieving that goal.

Follow-On program.

If my office or other agencies in state government can provide further support
to the Follow~On program, plcase do not hesitate 1o contact Dan Bucks, Com-
missioner of the Statc Planning Burcau, Mr, Bucks, who will be cooxdinating

South Dakota's input to OMB's program cvaluation, is cu

additional support materials for your proposal.

ently preparing

ORIGINAL PAGE IS
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Dr, James C, Fletcher
Page Two
July 7, 1976

With best wishes for success in this endeavor, 1 remain

-7
i o / ey
Si ncer ely, y ,

1/ r‘."'/"':dl#!" v -
RICHARD F; KNEP
GOVERNOR

RFK/brd

cc: Rusty Schwickert
NASA Headquarters
Office of User Affairs
Code EK
Washington, D, C, 20546
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Dan Bucks, Commissioncr
State Plannmg Bureau
State Capitol

Pierre, SD 57501
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The South Dakota State Planning Bureau has been involved in

the analysis and application of Landsat Data for slightly over two
yvears. During this period, we have found satellite data to be
timely, useful, and extremely valuable. The synoptic, repetitive
coverage of Landsat has helped bring the rich resources of our
sparsely settled state into perspective on many occasions. In
almost all cases, information derived from Landsat photos and
tapes would not have been gathered if we had been limited to
traditional data gathering methods.

Landsat has served as the first and one of the most important
data sources of the Land Resource Information System's (LRIS) land
use and natural resource inventory. This program is in the process
of completing its second statwide land use inventory. The first,

a Level I analysis (Anderson system) was conducted using visual
interpretation technigues on enhanced Landsat photography. The
generalized land use pattern map produced (copy attached) has proven
useful for overview and public information and education purposes.
The second inventory, a Level II and partial Land IIX analysis,

ig being conducted using digital intexpretation technigues and
Landsat computer tapes. The detailed, synoptic information produced
has proven useful on a wide variety of land use and natural resource
planning and management tasks. It would not have been possible for
us to complete either of these inventories if Landsat data had not
been available,

In addition “to land cover analysis, we have found surlace walcer
inventories developed from digital Landsat data to be extremely
useful. And, if you will excuse the pun, we have hardly began to
scratch the surface of the application of these water inventories.
This data is incredibly easy to interpret, inexpensive to produce
{less than 5¢ per square mile), and, for water bodies over a

hectare, very accurate. ,
Action Copy to _.EK...
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Dr. James C. Fletcher
August 19, 1976
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As stated earlier, very Tattle of the information we have
generated would not have been produced if we had been forced to
rely on more traditional methods. Data gathering costs alone would
have put the information far beyvond our financial means, not to
mention interpretation costs and numerous technical problems.

The impact of this information on decision-making nas been far
reaching. Quantitative and qualitative data is available in a

spacial format for the first time, considerably improving the
rationality of decisions which were previously arrived at via
Intuition. Specific decisions which have been based on or aided

by Landsat derived information range from the application of

improved management techniques to control soil erosion in a particular
drainage sub-basin to the granting of subsidies for stock dam con-
struction on a particular section (square mile)}.

Given the lack of previous data, it is rather difficuli to
determine cost saving benefits of Landsat data. The value of
merely having this new tool available is incalculable. As a
point of reference, our level I analysis, completed in less than
6 months, cost less than $5000, exluding only postage costs for
the distribution of over 3,000 copies. Using the highest altitude
aircraft available commercially and the smallest scale imagery
Oobtainable, data acquisition costs alone would have been well
over $200,000.

Many agencies in South Dakota have benefited from the use
of Landsat data. At the state level, in addition to the Planning
Bureau, the Department of Game, Fish and Parks, the Department of
Environmental Protection, and the Department of Natural Resources
Development have all been involved in the analysis and application
of remotely sensed satellite data. At the local level, the six
Planning and Development Districts, Conservancy Districts, Resource
Conservation and Development projects, and County Planning Commissions
have heen involved in the application of Landsat derived information.

The Landsat follow-on program, if approved by Congress and the
President, and iif implemented as plaunned, will significantly increasc
the capabilities of this already valuable. data source. The improved
resolution will make delailed urbhan analysis possible.  We are
currently relying on aircralt gathered dalu for Lhe analyses, as
Lthe 1.1 acre resolution of the currcent Landsals is inadequale.

The improved technology and the spectral responses of the thematic
mapper will improve capabilities for vegetation analysis and c¢rop
identification. The improved data handling system will permit

a throughput level which is conducive t¢ near-real time applications.
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Dr. James C. Fletcher
August 19, 19276
Page Three

Most importantly, implementation of the follow-on program will
guarantee the continuity of satellite remotely sensed data. We have
made large investments in the development of software and analysis
technigques for the current Landsat series and are satisfied with the
wisdom of this course. Data continuity will allow us to continue
this development, thus improving current capabilities and working
toward a smooth transition to the next generation of satellites.
With a guarantee of data continuity, we will be able to redouble
our efforts in the area of applications development. A strong
foothold has been gained among planﬁers and resource managers,
but a regular supply of data is required tc build upon this
foundation. It is natural for people to be hesitant to try new
ways of doing things. Uncertainty as to-long range data avail-
ability has given some an excuse to procrostinate. The follow-on
program should remove this final obstacle to operational applications.

To date, the State of South Dakota has invested $200,000 in
the Planning Bureau's Landsat analysis program; $75,000 in the
first year, and $125,000 in the second year. Assuming data avail-
ability, the third year funding level of $140,000 will be continued
indefinitely, and perhaps even expanded as new applications are
developed. The EROS Data Center has supplied technical assistance
and about $20,000 worth of data products for the three year
demonstration phase of our program. We have not received any other
federal money for our program. We are hoping, however, to tap
additional funding sources in the near future. Considering its
small population (680,000), South Dakota has made significant
investments in the development of applications of this new technology
(50¢ per capita to date). Thesge investments have been well placed.

South Dakota has established three means for supporting remote
sensing technology. The first, which is discussed above, 1is the
Land Resource Information System of the State Planning Bureau's
Planning Information Assistance Program. This system provides
analysis services and applications assistance to a wide variety
of end users. The second is the Remote Sensing Institute of
South Dakota State University. This institute serves primarily
as a research center. To date, these institutional arrangements
have proven to be satisfactory.

South Dakota is politically, institutionally, and technologically
ready to move into the second generation of Landsat-type satellites.
The first generation has been used extensively i1n both state and
local government, and the success of these applications will encourage
continued usage of this invaluable data source. Without the Landsat
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August 19, 1976
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follow-on program, rational resource management will be a much
more difficult endeavor. Also, much of the hard earned progress
with respect to data usage which has been possible, due mainly to
Landsat, will be lost. Overall, rejection of the fellow—on program
would be most imprudent, and the State of South Dakota stands
ready to offer any and all support to this vital project.

Sincergly,

D e
/ / 4 /
7\ {3’1/&\ ,/// %f%’

Dan R. Bucks
Commissioner
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STATE OF TENNESSER
HAY PLASTOR EXECUTIVE CHAMBER

Governor Mashville 37219

April 12, 1976

Dr. James C. Fletcher ORIGINAT, p
Administrator OF PooR QUAA_GL?T;S
National Asronautics and

Space Administration
Washington, D. C. 20546

Dear Dr. Fletcher:

4o came to rely heavily on the

ror natural resources informatign.

p-Huntsvilie Marshall Space Flight
i Joping a system of environmental

Center, one agency is deve ARDSAT davs has been used to ace

monitoring. In addition, LAN 3
curately map wetlands, jdentify magor land use changes, and

delineate strip mined Tand.

Many state agencies h
LANDSAT satellite program
In conjunction with the NA

The Tennessee State planning OFfice has worked closely

i i jcati f remote sensing
with NASA-Huntsville on the appiication o
technology in a number of jpportant areas of state government.
These remote sensing programs have saved the state hundreds of

man-hours in ground survey Line.

1 and worth-
Th NDSAT program has been both useful
while. elﬁaiguLﬁaee ang qﬂvqtions about our use of LANDSAT

data, please contact Mr. Juhn Wilsom, Natural Resources Director,
Tennessce State Plapning orfice (615) 741-1676.
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Dear Hr. Fletcher:

\then the Inventory of Dams in Texas project was completed in 1974 vesulting
in the jdentification of 4240 dams each impounding 50 acre-feet or more of
water, the use of ERTS imagery played a vital part in being able to accomn-
plish this task in a timely manner. Aerial photographs are excellent for
the lecation of waler bodies and a great deal of detail about the dam and
lake can be obtained, but aerial photographs are expensive, bulky and often
not current.

With the construction of about 200 lakes per year in Texas a technique of
updating the invenlory of dams is needed and the Landsat follow-on program
being prepared for pronosal by NASA seems to be a way to accomplish this
update. With the enhanced capabilities of Landsat follow-on smaller water
bodies can be identified and areas of irrigated land detected.

In today's need for greaier management of our water resources, the Commission
needs an operational tool to identify new water impoundments in order to
assist in obtaining cempliance with State law. The Landsat follow-on program
should be able to supply an extremely useful lool.

Sincerely yours,

- TEXAS WATER RIﬁ?TS COHHISSION
p //
A [l

}\11
R/bert £ Schnc1dcr
Executive Director

cenv M. Russell L. Schweickart
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Dear Jim:

I am writing to convey the endorsement of the states
comprising the Federation of Rocky Mountailn States for
NASA's proposed LANDSAT follow-on program.

The Federation currently has underway a well-coordi-
nated NASA-funded LANDSAT project using a digital satellite
and ground-source data to conduct land use analysis. This
new approach to acquiring and analyzing land use data provides
planners in the region an inexpensive and objective source
of data for developing a regional land use inventory.

The proposed capabilities of the LANDSAT follow-on
program would provide additional benefits through increascd
amounts of information supplied in more varied and usable
form and on a continuing basis. The vast expanses of this
Rocky Mountain Region unguestionably lend themselvies to the
use of remote sensing techology. The resolution of new
problems facing this region as a result of the energy
onslaught in the Rocky Mountain states requires the appli-
cation of LANDSAT and its asscocilated technologies.

Therefore, I am authorized by my colleagues in the
Federation to indicate our desire to seec the LANDSAT follow-
on bocowme a permanent part of the federal yovernment's daka
collection efforts. “his will allow our stakbes the opportunity
to continually utilize this information ac a part of our
planning and policy making process.

You will be pleased to know thab our regirons aszessment
of the LANDSAT program as one of the most significant achieve-
ments of the U.S. space program 1s concurred in by the
National Governors' Conference which earlier this month
adopted the enclosed resolution at cur annual meetiry.

Sincerely, ///
/

/
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LANDSAT FOLLOV-ON PROGRAM

THE GOVERNORS ARE BECOMING LNCREASINCLY AWARE OF THE STGNIFLCANGE AND.
IMPORTANCE OF THELR TIMELY NATURAL RESOURCES MANAGEMENT DECLSIONS. TIESE
DECTSTONS ARE DECOMING INCRFASINGLY COUPLEX AND DIFFICULT DUE TO SUCH
FACTORS AS GROWING COMPETLTIVE DEMAND FOR RESOURCES, DWINDLING AVAILABILITY
OF KiY RESOURCES, INCREASED RATE OF RESOURCE UTILIZATION, THE EXPANDING
REGIONAL NATURE OF DECISIONS AS WELL AS RESULTING [MPACTS, AND THE NECESS! Y
TO ACHLEVE TIE DESIRED BALANCE BEIWEEN ECONOMIC WELL-RBEING AND EIVIRONNGLL AL
QUALLTY .

STATE, REGIONAL AND LOCAL RESCURCE VANAGERS ARE THCRFAS[LGLY LOUKING U
REHMOTE SENSING TECUNIQUES, ARD 1N PARTTCULAR THE LANDSAT PRUCKAM, AS AN
IMPORTANT NEW TECHNOLOGY 'IHAT CAN MAKE A STGNIFLCARL CONTRIBUTEON IC TUE
INFORMATTON BASE REQUIRED FOR IMPROVED RESOURCES MANAGRHINT., PHE [HPROVED
AND TIMELY RESOURCE DECISIONS RESGLTING FROM THE AVAILABTLITY OF LANDSAT-
GENERATED DATA HAVE THMEASURABLE BENEI'ITS. THESE BENEFITS fHICLUDE 1MPROVRD
RESOURCE MANACEMENT, MAINTENANCE OF EAVIRDMMENTAL QUALELY, ARD THE RLoucrs
OF LGNDS AND RESOURCES WASIED -AS A RESULT OF DELAY AND LLEICATTON ASLOCIAL D
WITH UMRESOLVED LAND MANAGEMENT ISSUES.

THE GOVERNORS, THEREFORE, RESOLVE TO SUPPORT THE LANDSAT FOLLOW -UN
PROCRAM [N ORDER ‘TO ASSURE CONTINUED AND LMVROVED DATA FOR USE IN HNLURAL

RESOURCE DECISIONS BY THE STATES.


http:I'NURFASII.LY
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STATE OF WASHINGTON

OFFICE OF THE GOVERNOR

OLYMPIA
DANIEL J EVANS
GOVERNOR July 26, 1976

Action Copy to ,d%%zim
info Qenv o - -

Dr. James Fletcher

Administrator Boo'e ) . 574‘;’:7 4

National Aeronautics and Space (ose < =
Adninistration ¢ 8’ /I jy -

Washington, D.C. 20546 ‘} " R

Dear Dr. Fletcher: Lighia T - ﬁ' T

I understand that HASA is preparing for the development of LAIMGAT
Follow-On systems, which are to be advanced versions of the LAIDISAT-B
system how being used in the Pacific MNorthwest Regional Commission's
Land Resources -Inventory Demonstration Project. The expectation in

the State of Washington is that LANDSAT Follow-On systems will provide a
cost-cffective and timely source of land cover data for usc by statc and
local land resources management agencies.

The prospects for developing such data have been our prime motivation
for entering into the Land Resources Inventory Demonstration Project with
NASA and the Geological Survey.

The project is viewed as an Important adjunct to conventional mcans of
acquiring these data. In addition, state and federal legislation has
given risc to new requircments for data that are beyond the capacity of
conventional methods in texms of area coverage, time schedules, frequency
of update, and cost.

While the LAMDSAT demonstrations in the State of Washington are not yet
compiete, the results reported by the participating agencies arve highly
cncouraging. Two cxamples reinforce our belief that LARDSAT Totltow-On
systems will have considerable utility for resource managoment activities:

1. LANDSAT data arc being used In a multi-stage analysis Lo
produce an inventory of some 10 million acres ol lorests
in western Washington. The methods being tested have
been perfected, and the success of this demonstration
seems assurced. The results will be used in our
Forest Productivity Study, which cncompasscs all of the

ORIGINAL PAGE IS
OF POOR QUALITY



C. (22) WEST
TRGINIA



II-Cc(22-1)

AT R LR

[ 1
g
Celaom

™.

=<
—
-

- e
P

[T

Yo

Doomoonmin

o3}

Y

.
t

eon

.

a
57
43

GCovernoce

Gy

I

(W]

LY

!,
v
.

v
o

~
o
.
Lo}

Nl

Rk
Cra i

4

N

It
I
B
A

o

.
H
v
H!
-
[N
;

T
rn

[T i)
-

ki

I
T

L

ol

ce3
2
itd

ot

100
J

¢

Aty

4% e
A L0
FE2 g

H]

howes

101

1

L

L.

N

[
I

-y

¥

{

g Fal
nro

-

N4
v

-
32

s

1,

Low oo o

i i

upe

4
<1

AN o2y


http:2.3cZc:.m1
http:01cus.Mil

8B



SRIGINAL PAGE 18 _II-23-1)

State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES

Anthony S. Earf
Secretary

BOX 450
MADISON, WISCONSIN 53701

July 21, 1976 IN REPLY REFER TO: 3200

Action Copy to _ A _
info Copy to ..

Dr. James C. Fletcher, Admindistrator eainiaieie
Nation Aeronautics and Space Administration 45]21!1
Washington, DC 20546

Rec'd iz 7+ = /2y _

ORIGINAL PAGE IS Contre! &= &4
OF POOR QUALITY Suspensi i @/ @
Dear Dr. Fletcher: Prepzra Romi, Tar

i tn "
NASA's LANDSAT program shows good promise for a classificg.lﬁi%%‘bo'? V?{sconwé"‘
lakes by trophiec level which is required by Section 314, PL 92-500. The
Wisconsin Department of Natural Resources has been working with the
University of Wisconsin to develop a system utilizing LANDSAT imagery
for periodic monitoring of the somewhat over 10,000 lakes in the state
that are named or have an area of at least 20 acres.

This general overview will help analyze trends in lake eutrophication
on a State wide scale. Although, the technology is still being refined,
it is approaching the implementation phase.

The reflectance from a lake as picked up by LANDSAT imagery can be subjected
to densitometric analysis to provide numeric wvalues relating to degree of
eutrophication.

We envision, with LANDSAT tapes and a computorized system of data extraction,
being able to classify most of the State's significant lakes at a total

coat of about $15,000 - 20,000 or less than $5 per lake and being sble to

do the job 1n 2~3 monthe time. The numerical classification will provide

a gound basis for detecting and reacting to changes In water quality. The
comparative cost of investigating and sampling each lake in the field

for changes in water quality would be many times greater and prohibitive
insofar as manpower and funding are concerned.

This program, like many of the experimental technologies, must be used
so that its full potential can be realized. Our Department supports
NASA in its efforts to bring space age technology to earthly application.

Sincerely, Action Copy to _../

Bureau of Watj;éjzlity Info Copy to %ZE

s A \f7ﬁi7y1_
F{a/ncis H. Schraufnagel A-273 35/ _/_'?_—E_ﬁr_,,_

it Rec'd in NASA Z22-3-7(
ense Date X’..Z’.Zé

cc: Russell L. Schweikart, Code EK
Stanley C. Freden, Chief, Missions Utilization 0ff€§g§p
Code 902 - NASA/Goddard Space Flight Center repare Reply fOtJ;g—
Tipnature of  —Aeee—e

THIS IS 100% RECYCLED PAPER
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CitY OF AT AN
CITY HALL / ATLANTA, GEORGIA 30303 / {404) 658-6433

LEONS. EPLAN
Commissioner
Department of Budget and Planning

Action Copy 10 7=
tnfo Copy 10 E

June 23, 1976 e
Rec'd in Cofs r /30
St Homher oo Ten
. LSi,G;‘,’S’J Late e

Dr. James C. Fletcher Prepare Reply for
Administrator of NASA Slgnature f N

NASA Headquarters, Code A
Washington, D. C 20546

Dear Dr. Fletcher:

This letter is the City of Atlanta's formal statement of support for
NASA's efforts to proceed with a prototype, operational Landsat
Follow-on Program. Urban areas have received a low priority in
past attempts at transferring this technology, but our initial experi-
ence suggests that it is very important for cities to have the oppor-
tunity {o evaluate Landsat capabilities.

For the past year, Atlanta has been participating with four other
Urban Technology System members in a Land Cover Analysis Pro-
ject sponsored by GSFC Intralab and coordinated by Public.Tech-
nology, Inc. The purpose of the Project is to demonstrate the
utility of Landsat data in an urban planning context, and to deter-
mine whether the workable techniques for applying this technology
can be transferred between local jurisdictions,

In the first phase of the Project, which was just completed, San
Jose, California, was selected to work closely with the Intralab
staff {o develop in-house land cover analysis capability. Their
activities were monitored by senior planning officials from each of

ORIGINAL PAGE IS (@p’f ;
OF POOR QUALITY] S
Noe



Dr. James C. Fletcher
June 23, 1976
Page Two

the other four agencies. It is hoped that in the second phase, ex-
tensive "hands-on" experience will be.available to each of the
participants through the ORSER Time Sharing System at Penn State
University. While no specific uses have yet been developed through
phase one, it was the unanimous opinion of the Applications Review
Commitiee that there is a good probability of success in phase two.
This would be particularly true with the improved resolution pro-
posed by NASA for future satellites, since level of détail was the
greatest area of concern for urban applications. Therefore, based
on our experience to date, we do support a continued and improved
sysiem of earth resources satellites.

Siryﬁire!y yours,
Zﬁian’ Commissioner

Budgej and Planning

LE/Ip

cc: Mr. Jule Sugarman
Mr. Larry Madsen
Mr. Russell L.. Schweickert

Action Copy to ..

Info Copy fo
46617 - %ﬁa&

Rec'd in N23A ﬁ:;?—:/é

Suspense Dats /‘%J/ﬁk
repare Reply for
Signature of

—— et
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R TR COMMONWEALTH OF VIRGINIA
.. r:V'. PO -
. ] CounTy OF HENRICO
-
£. A. BECK June 14, 1976 Action COpy to .._é__._

Info Copy to _/,%_ﬁﬂ_ﬂ-

CAR6463 AT

Rec’d in NASA @ =227
Dr, James C. Fleicher

"’;"
Administrator of NASA Suspense Date _ 74 /<
NASA Headquarters, Code A P;opare Reply for E
Washington, D. C. 20546 Signature of A&

Dear Dr. Fletcher:

Henrico County, Virginia has been involved for the past year or so in a remote
sensing project in conjunction with NASA, More specifically, the project involves
a land cover analysis of Henrico County derived from earth sateliite images., The
information obtained from this source has been used in exploring options that
provide the County with opportunities to perform forward looking planning functions
The first phase of this project is drawing to a close. NASA has expressed the

possibility of continuing the project if we determine that i1t has potential value for
operationzal achievements in the future, -

Based upon our experience with the project thus far, we feel that continued partici-
pation by the County would be valuable, The following items are examples of
capabilities that are in the process of being developed:

1. Assessment of impact of urbanization on agricultural lands.

2. Identification of point and non-point water pollution sources.

3. Identification of direct and indirect air pollution sources,

4, Identification of existing and potential open spaces.

5. 'Quick look" verification of land use data devcloped by other agencies such as t!
Richmond/Crater 208 consortium.

Act‘.o;L Copy 0 .._g%_..,
info Copy Lo:_ __a;..jf_.

ORIGINAT, pag JE
OF POOR QUAL?%@ 5



Dr. James C. Fletcher June 14, 1976

It is also conceivable that many additional uses of the information and images
generated from LANDSAT would be forthcoming as we refine our ability to
interpret the data, Henrico County is committed to continued involvement in
this project and anticipate the development of several useful applications of the
satellite system information,

Very truly yours,
C Glbey
E, A, Beck

cc: Mr, Russell L, Schweickarzrt
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KERN COUNTY WATER AGENCY II-D(3~-1)
4114 Arrow S'reet, P Q. Box 5B
Bakersfield, Cahfornia 93302

tors - Telephone: 393-F
I .,‘.'”-"e-
Phoup H Maxwell Dwision 1 If{f/ﬁ{ w, \ij{g N Start T Py«
J. Elitott Fox Division 2 \,\1}1 _..?"“ :._ : Engineer-Mana:
Jack G. Thomson Division 3 e - .
Floyd § Cooley Division 4 _ George E R'b:‘
Gerald H. Kamprath Dwiston 5 Assistant Engineer-{.
President
Herry C. Gatnett Division § Edna M. Purvir
Gene A Lundquist Diwision 7 . SECfNBfY
Action Copy to Cb_,ﬂ
info Copy to  _£EJ2_
IS June 7, 1976 ED
D -G
ORIGINAL Y’Agmﬁ ~ED
OF POOR @ , e
. -
Dr. James C. Fletcher, Rec'd in CU*u hd _éqtidq
Administrator, NASA Gontr 01 fen bar 5_:,,;:_&_{?
Washington, D. C. 20546 &L.u,,.,p,(, Gae _L/18
V"Gpdrc Reply for
Deax Dr. Fletchex: b,gnam,e Of

The purpose of this letter is to strongly endorse the
continuation and improvement of the LANDSAT series of research
satellites. We are specifically interested in the use of high
resolution satellite imagery for crop identification, perched
water monitoring and salinity detection, as proposed by the
Geography Remote Sensing Unit of the Unaversity of California
at Santa Barbara.

There is presently a lack of ecconomical conventional
techniques and expertise for gathering such accurate and timely
information. Aalternative on~the-~ground methods of mapping to
identify and record such parameters are slow, expensive and
of varying accuracies. Information now being produced by satel-
lite imagery is valuable for effective hydrologic management in
both the short and long term time framework. The value of
repetitive measurements cannot be stressed enough.

LANDSAT imagery appears capable of meeting many of our
research survey requirements; we look forward however to improved
resolutions. As in the past, we continue to encourage rescarch
almed towards the development of analysis technagues appropriate
Lo our research surveys.

Yours very truly, ACtl’Oﬂ COP
,Z/ ______ / / - Info Copy to L’?__;___
. . ) LR
- te. #1% - / ’ ] K "‘l""“"'
_étuarL T. Pylc /7 ﬂ U‘ 73____
Lnglnr.,(_r—lianager ______ )
xc: Mr. Rogexr Arno - Rec’d in NASA Zz-tl

NASA Adms Mescarch Conter

e e e .
Moffaltt Iicld, CA 94035 S'JSDGHSP Do 207 7

frepare Re, oo

Thenaie of
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COUNTY OF LA, CA.



NORMAN MURDOCH
Planming Director
"DGAR T. IRVINE
seputy Director
JOSEPH K. KENNEDY
Deputy Director

ROBERT W. CHAVE
Deputy Director

June 29, 1976

320 West Temple Street
Los Angeles, Califormia 90012
Telephane 974,6401

Action Copy fo
info Copy fo .

COUNTY OF LOS ANGELES
DEPARTMENT OF REGIONAL PLANNING

II-D(4-1)

COMMISSIONERS
HOWARD D. MARTIN
Chairman

OWEN H. LEWIS

Vice Charrman

ARTHUR J. BAUM
CAROLYN P. LLEWELLYI\{
SADIE B CLARK

LUCILLA BARTHEL
Secretary 1o the Commussic i

o _EDML
e ‘ H R
Dr. James C. Fletcher Rec's ?QiTﬁ?i-Q2131—~
Administrator of NASA Contiol Toaiar £330
NASA_Headquartexs, Code A Susaons? Date _ZZZLLH
Washington, D. C. 20546 PreBare Heply for E
o nlyrn T e
Dear Dr. Fletcher: Sighature o1

This letter will express our strong interest in, and support

of, NASA's Thematic Mapper Development Project. Our organization,
the Department of Regional Planning, provides basic planning
services for all Los Angeles County. We have been a pioneer

user of remote sensing information since our inception in the
1920's. More recently, we participated in the ERDS I/TANDSAT I
Program during 1972 and 1973%. As a result of our experience, we
have a keen appreciation of the potentials of using remotely sensed
data for urban and regional planning; and we are intensifying our
use of remotely sensed data including satellite data. It is
proving increasingly useful for land use and envirommental surveys.
We think that it has many other potential uses.

We would like to urge that the Thematic Mapper Project give increased
attention to the development of capacity for determination of the
quality and conditions of urban developument, especially the identi-
fication of urban blight. We are also keenly interested in the
development of the change detection potential of the project. It is
very important to provide for widespread, timely dissemination of
data from the project to user agencies at affordable costs. The
Thematic Mapper Project, with its greater resolution and more diverse
sensing capabilities, can help realize the great potential of remote
sensing to contribute to the rapidly growing needs of plamning for
accurate, timely data.

Yours very truly,

—
Action Capy to /e -
Infa Copy to AD

h-2680f é’ﬁ

Rec’d in WASA 2= /0
" 7
Suspanse Date 7’r?“éj’ /¢

o —— i —

Prapare Reply for /7
Riraatyre of

DEPARTMENT OF REGIONAL FPLANNTN!

[ty

Normen Murdoch, Director of Flanning
NM:JSM:1j

cc: Mr. Russel L. Schweikart
User Affairs, Code EK
NASA Headquarters

— o et
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CiTY OF L.Oos ANGELES

CITY PLANNING CALIFORNIA

COMMISSION

SHER. . D. LUKE

PRESIDENT

SUZETTE NEIMAN
VICE-PRESIDENT
FRED E. CASE
LEONARD LEVY

THOMAS P NICKELL

DEPARTMENT OF
CITY PLANNING

561 CITY HALL
LOS ANGELES. CALIF 50012

CALVIN S HAMILTON
DIRECTOR

‘FRANK P LOMBARDI
EXECUTIVE OFFICER

RAYMOND 1. NORMAN TOM BRADLEY

SEGRETARY

maver Actien Copy to %2
Inlo Copy to

July 8, 1976

i
fecd n 2o £ L
Administrator of NASA Control fuinast BosY
NASA Headguarters, Code 4 Sus;:-ansc-,ﬂ ), .._ZZ‘?‘?_
Washington, D. €. 20546 Prapare fieply for o
Signature of & __

REVIEW OF PROPOSED THEMATIC MAPPER (LANDSAT D) PRODUCTS

The Los Angeles City Planning Department is the principal
physical planning and land use advisory agency to the City.
As such it prepares a general plan (consisting of clty-wide
plans and community-specific plans), ordinances to imple-
ment the plans as well as reviewing for approval; zone
changes, conditional land uses, and sub-division platt maps.

In these activities aerial photographs are used to provide
planners with “"snapshots" of an entire study area, conduct
preliminary land use inventories, and verify field notes.
Our direct use of aerial photo products has increased con-
siderably over the past ten years and we anticipate the
continued purchase of such products in the future to. the
Timit of our budget.

In discussing Thematic Mapper products with Dr. Neyin Bryant
of the Jet Propulsion Laboratory in Pasadena, we were again
impressed with the potential satellite imagery has for urban
applilications. Depending on the geographic scale of our
various study areas we can envision using LANDSAT D products
as either primary or corollary sources of data. The poten—-
tial for detecting urban land use changes and mapping those
changes as well as existing land use seems particularly ex-
citing.

However, our greatest interest in satellite products is not
in the photography -~ but in the generation of land use

statistiecs for commonly used political units such as census
tracts. The reporting of land use data by those geographic



Dr., Fletcher 2 July 8, 1976

units would allow us to interface satellite data directly
with data we already use, such as assessor, census, build-
ing permits, electric meters, police, education and fire.

Most dimportantly, we would like to encourage NASA to. seek
to minimize the considerable distance that seems to exist
between it and users such as ourselves. For satellite

data to become more widely used we believe that a product
delivery system such as those in use by the Bureau of the
Census and U.S. Geological Suryey must be. develioped by NASA.
In any case we wish you continued success in your technology
transfer efforts which we view as being of increasing direct
benefit to mankind.

g S /4
CALVIé HAMTLTON ﬁ _
Directo? of Planning Action Copy fo - —Z_’QI

Info Copy to %
CSH: chp ﬁ’}70%‘3 ______

- Rec'd in NASA :_/é--?-é
cc Mr. Russel L. Schweikart ¢
User Affairs, Code EK o Dete jégﬁﬁ;Z;
NASA Headquarters, Code A Suspense i{rfor
Washington, D. C. 20546 “ropare Repiy
Jignature of  wmemm=
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ROBERT U JOYCE
DIRECTOR
JULES MERSEL, MGR

DATA ANALYSIS
DiIviILION

CHARLES DRESCHER, MGR.
FFOGRAM DLVYTLOPMENT
DIVISION

DANIEL J O CONNOR MGR.

CITY OF

CAL FORNIA

TOM BRADLEY
MAYOR

Los ANGELES

1I-D(4-3)

O+ FICE OF THE MAYOR
COMBMUNITY AMALYSIS
BUREAU

CITY BAul EAST
260 N AL STREET ROGM 1110
LOS ANGILES. CALIFORNIA 2O012
TELFPHOME 485 2952

ADMINISTRATIVE SERVICES
CEVISION

Dr. James C. Tl-~tcher
Administrator of NASA
NASA Headguarters, Code A
Washington, D.C. 20546

Dear Dr. Fletvcher:

The Community Analysis Bureau has been following the development of
remote sensing capabilities from orbital spacecraft with great
interest. Our program currently uses large scale, color infrared
aerial photopraphs in the acquisition of data on neighborhood quality
within the City of Los Aingeles. ‘e have long been interested in
supplementing this source with automated data files acauired from
spacecraitl.

The increased resolution capability of LAND SAT sensors and the
automated interpretation and coding of land use data to census
tracts and cther geographic units are guite useful in Bureau
applications of remote sensing data. The acquisition of compre-
hensive, timely land use information for our data hase appears to
be the primary initial application of thematic mapper. We look
forward in the future to even further improvements in resclution
and computer anplications %to acouire still more detailed
information on the urban environment.

Very truly yours,

//;‘: - LR,
ORIGINAL PAGE IS I
OF PCOR QUALITY gggggzoi. Ioyce B
Fotin Dony 4y _ER .l-’%‘cftu)g C?[ji"; 10 ‘}?ZZ‘
REJ :bgp fnfo iup;{g ~ji527i Info Copy 1o :égiLT:i
22 e B
Bee'd in Dacin 2 “j)_lf’i:, uec'd in 18SA _Z=08214
G RR Cuspenst datn #f;jéngC
%?5-535J'=':\;s f"?lalﬂ‘ “rééara Rerly for 27
Sl of . _!_E Signature of oo Zomme
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City oF NEw ORLEANS

OFFICE OF THE MAYOR

]Uly 6, 1976 Action COpy to -/_4_ _____
MOONMI:.::RIEU lnfo Copy tO __27_1;[_32 L
h-e 98] Ll
Rec'd in NASA Zg}}:—?‘é
Dr. James C. Fletcher, ec'c 1 ’
Administrator S o Date 7 :_Z_Z;Zé
: ) . . uspense
National Aeronautics and Space Administration Prepare Reply for
Washington, D.C. 20546 ep Aé':._'..

Signature of  —-
Dear Dr. Fletcher:

During the past several years, the City of New Orleans has
become increasingly aware of the potential benefit of NASA
technology on problems faced by America's cities today.

We have designated our own Technology Transfer Officer.
In addition, the Director of the City Planning Commission is
responsible for coordinating applications of remote sensing and
data systems within city government., The City has used or is
evaluating for use a long series-of products and techniques derived
from your programs. We have constant coordination with your
intergovernmental representative at the Regional Planning
Commission. o

For several years members of my staff have indicated that
potential uses of satellite and aerial photography may yield practical
results that would apply to most urban areas of the country. We
have participated in experiments which have demonstrated several
potential applications.

My personal experience in the U. S. Conference of Mayors
indicates certain common problems from city to city. Some of
these may be approached with developing technology.

Action Copy to __Q:.g.-.
info Copy to _ & ___
-2

_ED2A/

L

e
Rec'd in Code E _2/2¥/7¢
Control Mumber __E - ¢/5
Suspense Date __742/_

' Prepare Reply for
"An Equal Oppontunity Employen” Signature of  _ .G



Dr. James C. Fletcher
Page Two
July 6, 1976

I would urge you to continue your efforts to substantially
improve the next Landsat satellites, associated data systems for
urban use, and your technology transfer efforts with local
governments,

Moon Lapdrieu
Mayor

ML:vl
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LEIeY CiTy oF NEw ORLEANS
PRIDE BUILDS July 6, 1976 Action Copy to - .
NEYY ORLEANS (nfo Copy to 22,40

MOON LANDRIEU

FHAYOR ﬁl,— ,;‘é' (?77 :&J%/j;__

Rec’d in NASA 21276

MEMB ER s Dr. James C. Fletcher, Suspense Date - 2_’Z;Zér
w:umrhn sranett  Administrator Pré are kﬂf‘p!‘y for '
wwaenmen paveor, x  INACIONAL Aeronautics and Space Administration Qigf:'atu' o ;ﬁ . j:"_:_ .

Yiee - Chmrman Washington, D. C. 20546

FRNEST COLBERT, JR
ANTHONY J GFHNDUSA, JR-

e 0o snanorolcss oz D, Fletcher:

PAUL MONTE1 FPRE
AllGuat PERLCZ, JR
ALRFET 4 SAPUTO I understand that the follow-on Landsat spacecralt are

GNHFRL £ STAMPLEY

currendy in the preliminary design stage, and you are
considering an operational, not expcrimental system. As

Vice Chairman of the Urban Consortium (a hational organization
composed of the thirty-three largest urban cities and countics)
and as Direcior ol a planning commission for a major city, I
would encourage you to pursuc this project and get the system
working at the earlest possible date.

Many of us in the major cities have been reluctant to commit
ourselves to use of satellite~derived data for our own usc
because the resolutions were too poor and the data source might
quit functioning at any time. Additional hesitation on our part
was caused by the absence of methods to merge the NASA data
with our more conventional urban data systems. Each ol these
points appears to have a near Lerm solution.

The commitment to an operational system will prevent the
loss of the data source. Once lamiliar with the specilic
capabilitics beyond ¢arly experiments, more urban arcas will
be inclined to use it.

Projects at your |et Propulsion Laborartory and Marshall
Space Flight Center show great promisc for combining con-
ventional and NASA data in a common digital data system. As
they are currently planned, the operating cost of the final system
may be suificiently economical to recerve widespread use through-
out the country,



Dr. James C. I'letcher
Page T'wo.
July 6, 1976

As the next satellite 1s still being designed, I recommend
resolutions between three and twenty fect for urban arecas., These
resolutions would only be needed once or twice each year on cloud
free days over only the urbanized areas. ‘lo do it more often would
overwhelm both NASA and the cities with data bulks and densities
for which we cannot currently envision a practical use.

In anticipation of the improved systems, we have made a major
commitment to establish a sound base of data to take advantage of
currcent and future Landsats and their associated systems. We are
cooperating with the other local governmments in the metropolitan
area in a major parcel~by-parccl land use survey. The overall
survey is lifly percent complete and the remaining half should be
finished within the next two years. We [elt this base line to be
nccessary because urban "signature analysis"” does not appear Lo
be fully developed. Urban changes are obvious to us in the most
rudimentary Landsat photography. It is,our considercd opinion
that urban changes from month to month from a satellite, measured
against a known base of data date, and verfied by a small survey
staff may be the cheapest method for keeping our land usc up-to-date
and accurate. When combined 1n a common digital system with our
conventional data sources, we would have an extremely powerful
“fool for urban arca governments. With other local governments, we
have incrcased our stafl skills and personnel to complement NASA
skills in joint projects.

We look forward to continued work with your personnel on
technology applications of current and future joint programs.

B Lo B

— Harold R. Katner
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May 27, 1976

Dr, James C. Fletcher
Administrator

NASA

Washington, D. C. 20546
Dear Dr. Fletcher:

Since 1970 the Regional Planning Commission has
worked with NASA and NASA Technology in an effort to im-
prove the methods for local and sub-state planning.

As an integral part of this activity we have utilized
photography from NASA aircraft and spacecraft in both
experimental and product-oriented efforts of this Commission.
We have just completed a basic land use study of St. Tammany
Parish utilizing products from-LANDSAT, Skylab, NASA Air-
craft and ground checks. Jefferson Parish completed a
Natural Resources Inventory using LANDSAT and Aerial Images
in Januvary of 1975 with local funding. Many of the other
public and private agencies in South Louisiana have utilized
NASA Remote Sensing data for a variety of individual
reasons - from locating archaeological sites, experiments
in mosquito control, to management of a majer private
wildlife preserve.

We recognize that the utilization of this technology
is in its infancy and will need to be successfully merged
with more conventional data sources to be most useful to
state and local governments.

The follew~on LANDSAT Satellite and the continuation
of the NASA Aircraft program will go a long way towards
introducing stability to the experimental efforts we have
made in improving planning technology. As the next LANDSAT
is still in the design stage, we would urge you to develop
the minimum capability of 3 to 9 meters resolution for
urban areas and 10 to 20 meters for rural areas. A "zoom"
capability might be used over urban areas only when they
are relatively cloud-free without an overwhelming data
processing problem.
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We would urge the continued development of both
this capability and the auxiliary capacity of programs
to use it successfully in local and state government.

Sincerely,
REGIONAL PLANNING COMMISSION

R A

CHARLES F. O'DONIEL, JR.

DIRECTOR
CFO/vo
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June 18, 1976

Dr. James C. Fletcher
Administrator of NASA
NASA tleadquarters, Code A
400 Marvland Avenue, St
Washington, DC 20546

Dear Dr. Fletcher:

The Southwastern I1linois Metropolitan and Regional Plunning Comiission
takes this opportunity to lend its support Lo HASA for ihe proposed
LLANDSAT follow-on program.

The Scuthwestern I11inois Metropolitan and Regional Planning Comaission
{STMAPC) is chartered by the I1iinois State Legislature to prepare and
coordinate o~ve10rmcnt oldnn1nJ, serve as a research agency for local
governmenis, provide technical assistance to local governments, ard
disseminate information te the public. As one means to fulfill our
respons ibilities we are turning to LAMDSAT multispectral remote sensing

as one tool to provide the data necessary for the decision-making pro-
cesses.

Our purpose of using LAMDSAT is to inventory and monitor the Tand cover.
Using the LANDSAT inventory as input, our professional slaff will.
develop plans to-guide the development of our region through the year
2000, directed to improve the quality of our streams and rivers and
provide Tocal governments with the information reauired fTor logical
comminity action regarding acvelopment poiicies.

With the availability of LAMDSAT data, we know from experience that our
invcntOIy and analysis cost can be significantly reduced. Because our
region is a part of the St. Louis Metropolitan Area, our need for more
frequent monitoring is increasing beyend the frequency that other
Federal agencies (i.e., U.S.G.S., U.5.D.A.) can provide. Therefore,
without conlinuing the earth observations from LANDSAT we expect to
incur increased costs with less efficient and timely data.

SIMAPC, as statzZ previously, was orqanized to scrve local units of
government. S:-ving those local uniis properly includes providing

- ORIGINAL PAGE I3
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endless data to regional, state and federal agencies. We are currently pro-

viding information, both primary and secondary, to a great number of other
agencies including:

Environmental Protection Agency

ITTinois Environmental Protection Agency
Housing and Urban Development

I17inois Surface Drainage Program

Energy Resource and Development Agency

It1inois Department of Local Government Affairs
East-lest Gateway Coordinating Council

I1Tinois Department of Transportation

and othérs

The LANDSAT follow-on represents many new potential applications. With the
additional thermal I.R. band and 30 meter resolution, we hope to see increased
accuracy of land cover inventories, monitoring of air and water quality, and
better determination of our natural resource supplies.

Upon wider acceptance and the further moves toward the "operational status" of
LANDSAT, many of us are taking this capability for.granied. Now, even to
suspect that LANDSAT is not here to stay is inconceivable. Many agencies
throughout the country are beginning to accept this space technology as an

everyday practice and to rely upon its availability to solve many complex
land use issues.

Currently, we have proposals under consideration to monitor, over an eight-
year period, the Tand use changes and ramifications, created by major develop-
ments occurring within the region. IF indeed the LANDSAT follow-on is not
funded and placed in orbit, we will then be unable to meet those project
responsibilities as efficiently as we might otherwise.

For the first time, a wedium of space technology can be used at the Tocal and
regional level. For the first time, we can identify and reatize direct cost
savings from space lechnoloqy. And, for the first time, the average citizen
can use this technology directly to affect decisions affecting him.

LANBSAT, with the inevitable progression of technology, should unguestionably
be a standard public service. LANDSAT is a viable tool which can provide
both natural and man-made resource information.

It is for thesc reasons, this Comnission fully supports the LAKDSAT Follow-on
program. Should there be any questions, please do not hesitate to contact us.

Sincerely,

Theadore H. Mikese™3
Executive Director

T/ TH:h1b
cc: Mr. Russell Szcrwsichart .
Mr. A. Donalc Goadate ORIGINAY, PAGE 18
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Dr. James C. Fletchex Ree'd in Podn B G IS,

Administrator of NASA Cortisi i £ -3
Washington, D. C. 20546 H“nme ﬁﬂ;h foré:

Dear Dr. Fletcher: Signature of &

The City of Independence has been involved foxr the
past several months in a research project whose purpose
is to assess the feasibility of using LANDSAT data for
urban planning purposes. Although the final outcome is
still uncleaxr, we are encouraged by the potential that
we see, particularly if the resoluticon oi future LANDSAT
images is enhanced as planned.

Current land use planning is typically accomplished
on a piecemeal basis, This approach does not always lcad
to the most desirable result. With the aid of LANDSAT
imagery, we believe it will be possible to more effcctively
monitor urban growth and land use patterns, and to elimi-
nate some of the problems causcd by piecemeal pldnnlng.
The capability of the LANDSAT imagery to provide a vir-
tuwally continuous overvicw of the entire urban area will
allow City planners to assume a more proactive role in
zoning and other land use problems.

In our current projcct, we are working with C(our otherx
local governments, Public Technology, Inc., Penn State Uni-
versity and NASA. The project involves the use ol various
computer programs designed for on=-line analysis of LANDSAT
data. The local governmcnts involved will provide the
necessary computer terminals and staff for investigating
the potential benefits of the LANDSAT data and the analyti-
cal tools. DPublic Technology, Inc., Penn State Untversity
and NASA will provide technical and other supp01t At this
time, it is diffieult to predict the ultimate benefits of
this project and of the LANDSAT program. However, we feel
in both cascs -that the benefits can be significant. Accord-
ingly, I strongly support the current LANDSAT program and

ORIGINAL, PAGE. IS
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the steps being taken to increase its effectivencss through
improvements in sensor resolution.

RAK:vw

Sincerely,

Richard A. Ki (
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Energy Resources Exploration Pebyrolaum (Bemmeltt)

Petroleun exploration and production typically follows six stages
of activity:

1.) Regional geclogic recondassance of large areas to recognize
sedimentary basins and major structural features within the basin LANDSAT
images conpiled into mosaics have proven valuabls to many companies for
this exploration phase. In many cascs major decisions on whether to acquire
exploration concessioné maust be made on these preliminary analyses.

2.} Surface getlogic mapping and sampling of outcrops. Enlairged
LANDSAT images can aid in loczting areas suitable for these studies. The
savings in manpower and time can be aporeciable, especially in arcas where
hase maps are poor or lacking.

3.) Rerial magnetic surveys and ground-based gravity surveys are
the initial geophysical reconnaissance. Trends of linearent and structures
from IANDSAT interpretation of stage 1 can aid in locating and orienting
these surveys to obtain optimum crossing of the structural pattern. Here
again the base maps derived from LANDSAT can be valuzble aids to the aircraft
navigators and field party chiefs.

4.) Seismic surveys are made over promising anowalies located in
the previous 3 stages. Trafficability and access information from the
IGNDSAT maps can save several days of crew time each month at a typical cost
of 55,000 par day in isolated foreign areas.

5.) Drilling of prospects that have been targeted by activities 1
through 4.

6.) If the 1 to 20 odds against success have been overcome and an oil
field discovered, the final stage is to product and transport the oil to

market. Preliminary pipeline route studies can be made from LANDSAT

ORIGINAL PAGE IS
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Fnergy Resources Exploration Petroleum (Bennett)

images and environmental inpacts assessed.

The above stages deal with exploration on land. Increasingly exploration

has been directed into offshore areas, many of which are in Arctic water
stbject to slo ice and icebergs. Repetitive coverage of LANDSAT can map

ice distribution and movement to aid in assessing hazards to exploration

and production in these harsh environments. 2 thermal IR band will provide
imagery during the Arctic winter. Seismic exploration in shallow shelf seas
is commonly hampered by unchartered underwater obstructions such as coral
reefs and sand bars.

ﬁand 4 of IANDSAT 1 and 2 is currently used to map these hazards;
the water penetration band of IANDSAT Follow-On should be even more useful,
if atmospheric scattering effects are not excessive. Natural oil seeps
may be detectable on imagery as an aid to offshore exploration.

The above sequence of exploration stages and LANDSAT utilizaticon are
not hypethetical; a number of oil companies are known to procure and use large
mubers of IANDSAT images and digital tapes. Chevran Overseas Petrolewn
reported at the NASA Symposiumn on Remote Sensing Applications in Houston on
their use of ILANDSAT in exploring and acquiring new concessions in Kenya
(Miller, 1975). Wildcat wells are currently being drilled (Stage 5).

In egypt Santa Fe Minerals correlated structural features interpreted from
LANDSAT jmages with trends defined from gravity and aeromagnetic surveys
(Berg and Gutman, 1976).

‘Sabins (1975) has addressed the common question of "How much cil

has LANDSAT imagery discovered?" Those asking their question reveal a

lack of understanding of o0il exploration which involve many technical methods.



Enorgy Rescources Fxploration Petvoleum (Bennett)
In the pre-IANDSAT cra, it was difficult, if not impossible to credit a
discovery wall to a single technology. The time from beginning of exploraticn
to drilling a well is commonly five years or more. ITANDSAT imagery did not
become widely available until the mid 1973's and industry then had to learn
how to acquire, interpret, and utilize the imagery. On this time frame, the
major petroleur benefits of 1ANDSAT are in the future. A final point is the
concern over lack of oil industry publication describing their applications of
IANDSAT. In addition to the Kenya and Egypt exanples, Halbouty (1976)
describes the correlation between circulor anamabies and salt dome structures
cn the U.5, Gulf Coast. Many industry interpretations of LANDSAT are not
published because oil geologists are loath to endure the red tape of re-
vwriting, drafting and editing material for publication. This is commonly
oy erde?

a stronger %%%!g:ﬁ?;;giﬂlm conpany concerns over proprietary data.

The abm; él;plications are for LANDSAT 1 and 2. .Many companies have
already acquired their imagexy of their areas of interest. This is shown
by the fact that the oil industry has purchased the largest volume of data
from the EROS Data Center. It is unlikely t}; they would acquire repeat
coverage from future satellite unless there ave significant iwprovements in
spatial resolution and spectral coverage. There is a trend toward utilization
of digital tapes for in-house processing on the computer facilities of most
companies. Future satellites should provide CCT s that can be processed with
existing software and hardware systems.

References

Bing and Gutman, 1976, Egypt application of 1ANDSAT: DProceedings of
Pecora Symposium U.S. Geol. Survey in press

Miller, J.B., 1975, Application of IANDSAT to exploration in Kenya: NASA
Earth Resoures survey symposium, Houston V.I
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Chevron

B

Chevron Oil Field Research Company
! A Standard il Company of Cahfornia Subsidiary
Eé‘g e ”ﬁ P.0. Box 446, La Habra, CA 90631, U.S.A,

July 23, 1976

-

"‘.qq)'

James R. Baroffio
Vice President
Exploration Research Department

Dr. James C. Fletcher, Administrator
NASA Headquarters
Washington, D.C. 20546

Dear Dr. Flietcher:

We have been asked to evaluate the proposed Landsat Follow-On
Program in terms of Chevron's needs and applications. Our
evaluation is based on the attached list of proposed specifica-
tions that was provided by NASA. Chevron has used Landsat 1
and 2 images and digital tapes of domestic and foreign explora-
tion areas for the following purposes:

1. Regional geologic mapping.
2. Trafficability and terrain analyses for surface access.
3. Bathymetry of shallow seas to aid marine seismic surveys.

4, Monitor sea ice movement in Arctic areas of exploration
interest.

5. Mineral exploration.

Landsat 1 and 2 data have been very useful for these purposes,
although no quantitative appraisal is possible.

We anticipate that Landsat 1, 2 and 3 wiil satisfy our needs for

I1-B

imagery acquired with the present MSS configuration. Once Chevron

has obtained cloud-free coverage of the land areas, we will
greatly curtail our ordering of MSS images. The proposed
Landsat Follow-On with improved spatial resolution and spectral
bands will initiate a new cycle of image acquisition and inter-
pretation.

Specifically, the new mid-IR band (1.55 to 1.75 um) of the

Themati¢ Mapper should greatly aid in recognizing hydrothermally
altered rocks in the vicinity of potential mineral deposits. The

improved spatial resolution will improve the ability to resolve
specific targets while retaining the broad image coverage that

has been so useful. The proposed thermal IR band (10.4 to 12.5 um)



will provide sea ice monitoring capability during periods of
Arctic darkness. For geologic interpretation, our experience

and that of other investigators indicates that thermal IR imagery
must be acquired at night. Only experience will establish the
applicability of this relatively low resolution thermal IR imagery.

Although not mentioned on the proposed Landsat Follow-0On specifica-
tions, we believe that stereoscopic image coverage will be valuable.
This is based on our work with the limited stereo sidelap from
Landsat 1 and 2 that has minimal vertical exaggeration. We believe
that complete stereo coverage of the earth's land areas with
optimum vertical exaggeration would be valuable. Repeated

coverage would not be necessary after cloud-free coverage of

high quality images has been acquired.

Chevron has found Landsat 1 and 2 data to be very useful for various
applications. We anticipate that the Landsat Follow-On capabilities
discussed above will be of similar or greater operational usefulness.

Sincerely yours,

Original signed by
9. R. Baroffio
Jd. R. Baroffio
Vice President
Exploration Research Department

Attach: Landsat Follow-0On
Specifications

cc: Mr. R. L. Schweickart (NASA Headquarters,
Washington, D.C.)-1+]1
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LANDSAT TMOLLOW-ON PROTOSED SPECIFLCATIONS

SCANNER CHARNCTERISTICS

SPECTRAL BANDS (MICROMETERS) 1SS T
BLUE 0.45-0.5
GRLEN 0.5-0.6 0.52-0.6
RED 0.6-0.7 0.63-0.69
NEAR IR 0.7-0.8
NEAR IR 0. 760,90
HEAR IR 0.8-1.1 .
MID-IR 1.55-1.75
THERMAL IR 10.4-12.6 10.4-12.5
SPATIAL RESOLUTION: 30 METLRS

120 METERS THERMAL IR

QUANTIZING LEVLLS: 256 (8 bits)
SAMPLING FREQUENCY : 1.4* SAMPLES/IFOV
DATA RATE: 110 MB/S

SCENE; 180 x 180 KM

MISSION PARAMETERS

ORBIT (APOGEE) : 705 K, sun synchronous

LOCAL TTMI AT DESCENDTNG NODE
(EQUATORIAL CROSSING) 11:00AM

COVERAGL CYCLE DURATLON: 9 PbAYS

TMAGR & PROCESSING CHARACTERISTICS

INFORMATION PER IMAGE: 2(109) BITS

TOTAL IMAGES: 500*%* /DAY (ALL, LAND ASSES
PLUS COASTAL RREAS)

TOTAL INIORMATION : ) 1012 prrs/spay

FACILITIES OBJECTIVE: HO BACKLOG L 1I'OCESSING

AND ARCHIVING

* ASSUMING MODULATION TRANSFER FUNCTION SIMILAR TO PRESENT LANDSAT
MULTISPIECTRAL SCANNER

** CLOUDFREE
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EX(ON PRODUCTION RESEARCH COMPANY

POST GFFICE BOX 2189 - HOUSTON, TEXAS 77001

BASIN EXPLORATION DIVISION
R T FETTERS

HANAGER June 22,1976

Mrs. Barbara Williams

NASA Office of Applications
Code E-K

Washington, D. C. 20456

Dear Mrs. Williams:

This is a follow-up to your discussion last month with H. R. Hopkins
and the EPR Satellite Imagery Group regarding the application and usefulness
of LANDSAT imagery in exploration for hydrocarbons. We should point out that
it is difficult to provide concise and direct answers to most of the questions
ont the questionnaire which you requested that we complete. It is particularly
difficult to provide information on the cost effectiveness or savings realized
from use of LANDSAT imagery. In general, satellite imagery has been viewed as
an additional exploration tool and has not resulted in elimination of other con-
ventional exploration methods normaily used in such investigations.

To moyre fully explain our Company's position, we basically fulfill three
functions for Exxon Corporation affiliates in application of satellite imagery
for exploration purposes:

1) We maintain a Data Bank and expedite requests for LANDSAT,
Skylab, and other types of remote sensing data for use by
affiliate companies;

2) On request we conduct technical service investigations for
affiliate companies, including interpretation of LANDSAT
Tmagery; and

3) We are engaged in an active research program of testing and
developing digital and optical image processing and
interpretational techniques.

We have acquired worldwide LANDSAT mosaic coverage which has been used by
us and our affiliate companies in regional studies. 1In general, the procedure
in such studies is to combine all available geological and geophysical data for
an area. Occasionally, interpretations will be made based solely on the LANDSAT
imagery and combined with other regional information at a Tater date. Standard
aerial photography is generally not included in a study, except for occasional
detailed work.



Mrs. Barbara Williams 2= June 22, 1976

Exxon Production Research Company acts only in a general consulting
capacity to operating affiliate companies, and as such we have no way of
estimated cost effectiveness or savings realized from application of LANDSAT
imagery. We do, however, recommend areas that appear more prospective for
01l and gas exploration as well as those areas that appear less favorable
for hydrocarbon entrapment. Likewise, we identify regional and Tocal structural
trends which aid in outlining the most efficient and economical plans for
seismic surveys of an area. The main point is that LANDSAT imagery is not a
unique tool, but one of many exploration tools. LANDSAT imagery interpreta-
tions increase our knowledge and understanding of the geology of an area so
that better decisions can be made in regard to application of more expensive
exploration techniques.

We hope this information will assist you in preparing and presenting
your case for the support of the LANDSAT Program. We consider LANDSAT one
of the most important and significant projects undertaken by NASA. It has
direct and immediate application in the search and development of our nation's
natural resources. Implementation of proposed follow-on LANDSAT programs
will significantly -improve the system and allow even more direct application
in the exploration for natural resources.

Should you have any other questions, or if we can be of additional
assistance, please contact us.

Very truly yours,
R. T. FETTERS

By ’L{ﬁt¢4k~b é:

M. E. Milling

HRHopkins:bb

¢cc: J. B. Coffman
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MICHEL T. HALBOUTY
CONSULTING GEOLOGIST
AND
PETROLEUM ENGINEER
INDEPENDENT PRODUCER AND OPERATOR

THE HALBOUTY CENTER

TEL {713) 622-1130 5100 WESTHEIMER ROAD
TWX (910} 281-4599 June l , 19 76 HOUSTON, TEXAS 77056
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Dr. James C. Fletcher, Administrator o'l in MASA o327
NASA Headquarters  wnanen Dot Gom? 7. 74
h. a /: i. 3! '.rl\--‘.f_'_: ________
Washington, D. C 20546 e Rely for j?
!‘\,) ature 0t e -
Dear Dr. Fletcher: Spnature of -

As you may know 1 am vitally interested in the Land
Satellites Program, I have.repeatedly and publicly stated _
that I consider the Landsat project as one of the most productive
and significant missions ever conducted by NASA, 1In fact, T
have further stated that it is one of the most important national
initiatives ever conceived and implemented in our 200 years of
existence,

Among the many contributions to human needs, the Landsat
images have proven to be a new and constructive tool in mineral
and petroleum exploration. The application of these data have
already improved the nation's domestic mineral resource base
and will continue to do s0 on a much larger scale provided the
entire program 1s continued and implemented with new stages of
properly equipped satellites to produce vital earth science data.

1 trust that Congress will approve and appropriate funds
to establish the Landsat project on a much longer program than is
now scheduled,

If T may be of any assistance to you in any way, please
do not hesitate to so advise.

Sincerely,

A
e Y T,

Michel T. Halbouty
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Application of Landsat Imagery to
Petroleum and Mineral Exploration

MICHEI. T. HALBOUTY
Consulting Geologist and Petroleum Engineer
Independent Producer and Operator

Abstract: The Landsat (ERTS) project is the most significant
mission ever flown by NASA. The use of Landsat imagery by the
mineral and energvy industries in the United States can improve
the nation's domestic resource base in a shorter time and at
more reasonable cost than would have been possible ctherwise.

Properly interpreted information from Landsat images can save
corporations millions of dollars in unnecessary exploration
and development efforts and at the same time, provide geologic
clues to the discovery of tremendous reserves. The more the
Landsat data are used, the more innovations for their use will
be established.

Landsat data have broad use in the minerals/fuel field including
the following general applications.

1. Detection of large-scale geologic structures that
previously were unknown and which may be significant with
vespect to the localization of hydrocarbgns. Such features
commonly are not recognizable on asrial photographs.

2. The possible detection of very subtle tonal anomalies
that may represent alteration of the soils resulting from
miniseeps of gas from hydrocarbon reservoirs.

3. The potential for detecting natural marine oil seeps
with consequent improvement in efficiency of offshore exploration.

4. Detection on outcrops of important minerals and metals,
especially in hostle environments.

5. The monitoring in Arctic areas of ice distribution and
movement that may affect transport of materials, the cost of
seismic exploration in sea ice areas, and the safety of
exploration and production operations.

6. The monitoring of oil-field development and transport
facilities, such as the Alaska pipeline, and an assessment of
this development on the environment.



2

7. The potential for improved communication and decision
making within petroleum companies.

Landsat imagery ‘provides the explorationist a most rapid and
inexpensive tool which could add immeasurably to his geologic
knowledge.
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Mobil Research and Development Corporation

RESEARCH DEPARTMENT
P QO BOX 800
DALLAS, TEXAS 75221

ROBERT J WATSON
MANAGER
FIELD RESEARCH LABORATORY

July 26, 1976

Ms. Barbara Williams
NASA EK
Washington, D. C. 20546

Dear Ms. Williams:

As discussed in our recent telephone conversation, | offer the following
comments as to our use of Landsat data.

Our principal use of the data has been for regionai geological studies,
particularly tectonic analyses. These studies have been in support of
Mobil's werld-wide exploration for both petroleum and other mineral
deposits.

The applications have been fairly well balanced between North America
and foreign areas, including Africa, the Middle East, and Far East.

We have examined shallow-water offshore areas for geological features.

In one instance, offshore Egypt, we did use Landsat imagery to determine
shallow-water areas potentially hazardous to marine seismic surveys. In

this case bathymetric charts were of pre-i800 vintage and of questionable
reliability.

It is our observation that the application of Landsat data to petroleum

and minerals exploration is increasing. We have both research and applica-
tion objectives that rely on the continued availability of the data pres-
ently available and those scheduled to be acquired in the future.

Very truly yours,

-»’E “\ o
g{;‘\r“ e

Eugeme L. Jones, Manager
Exploration Research

ELJ:ob
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ABSTRACT

Foreign exploration freguently reqﬁires that large areas
of relatively unexplored territory be evaluated in the most
expeditious and informative manner. The selection of areas with the
greatest potential would normally start with the least expensive
reconnaissance tools like phutogeology, field work and aeromagnetics
before proceeding to the more costly and possibly more definitive
technigques such as gravity, selismic and eventually urilling. In
many areas, however, this ideal sequence of evaluation can no longer
be followed due to shortened exploration periods and other restrictive
government rxegulations.

Santa Fe Minerals' past experience with LANDSAT has proved
that the ready accessibility of multispectral imagery provides for
quick and inexpensive reconnaissance of foreign exploration areas.
Firstly, it allows the construction of geographic base maps which
are often more accurate than any existing maps. Secondly, LANDSAT
imagery is an invaluable source of geologic’ information; if used in
conjunction with existing published data it will, in most cases,

improve the accuracy of geologic mapping and understanding of an area.

In addition, it has been found that the imagery complements and aids
in the interpretation of aeromagnetic and gravity data; this relation-
ship is reciprocal.

Santa Fe Minerals has successfully experimented with LANDSAT
multispectral imagery and, as a consequence, now routinely integrates
LANDSAT data into its exploration efforts.

Exploratory work in Egypt and Yemen serves +to illustrate

how LANDSAT imagery is used; some results are presented.

ORIGINAT, pay
OF POOR QUALI’FIYS



INTRODUCTION

The purpose of this paper is to present some of the major
contributions of LANDSAT data to Santa Fe Mineral's hydrocarbon
exploration in foreign areas.

Explorationists f£ind themselves todaf in a highy competitive
environment, complicated by Shortening exploration periods and
increasingly restrictive governmental regulations. For these
reasons it is not always possible to follow a normal foreign
exploration sequence, which is essentially a process of isolating
and identifying targets with hydrocarbon potential from a large
and relatively unexplored area. This process usually begins with
reconnaissance tools such as aeromagnetometry, SLAR, and photo-
geology and proceeds to the more costly and ,time consuming (but
hopefully more definitive) methods such as seismic surveys and
drilling. LANDSAT data, because of their ready accessibility,
help significantly in shortening the early reconnaissance stage
of operations. 1In addition, LANDSAT imagery is, because of its
low cost per unit area, one of the best data buys the explorationist

can make.

LANDSAT has proven itself to be a valuable source of geo£9gical
information. It has invariably improved the conﬂ%act and séé?ial
relationships of outcrops in poorly or sparsely mapped areas. The
mapping of linears helps to define a structural fabric or framework
in the exploration area. This fabric is often indistinct or invisibl.

at the surface but, nonetheless, strongly influences hydrocarbon

accumulations. With few exceptions the pattern of linears is highly



regular and can often be related to stress analysis. Subtle color
and tonal anomalies have been observed which are believed to be of
significant exploration importance.

Significant relationships between gravity and magnetic data
and alignments or trends have been observed in LANDSAT imagery.
Initial conclusion suggest that the basement and inter-sedimentary
structures which are routinely interpreted from the potential field
data, have greatexr (but subtle} surface expressions than we had
previously anticipated.

Because it has been successful, LANDSAT data is now routinely
integrated into Santa Fe's foreign exploration programs. It aids
in planning geophysical surveys and allows the creation of explora-
tion base maps onto which the resultis of literature searches and
available data can be posted; one is now able to begin the data
acquisition and interpretation process almost immediately.

Exploratory work in Egypt and Yemen will serve to illustrate
some of the contributions that LANDSAT data has made to our foreign
exploration program. The choice of Egypt and Yemen was made because
they essentially represent opposite ends of the information spectrum
available to the explorationist.

The permit area in Egypt has well-exposed surface geology,
portrayed on relatively detailed geologic maps. In addition, there
are -subsurface data available from néarby wildcat tests as well as
Bouguer gravity and residual magnetic intensity maps. In contrast,
the onshore exploration area in Yemen is covered with alluvium.
There is no well data available from the five éry holes previously
drilled there in the early 1960's, nor is there an adeguate or

reliable geclogical map of the area. Despite the current interest



there is little in the published literature concerning the onshore

geophysics of the Yemen Arab Republic.

LANDSAT DATA CONTRIBUTIONS TUO HYDROCARBON EXPLORATION IN EG'YP-‘I‘

The East Cairo concession straddles the Cairo o Suez highway
and encompasses about one million acres (Figure 1). It is bounded
on the east by the Great Bitter Lake and on the west by the Damietta
Branch of the Nile River where it comprises a small portion of the
highly cultivated and densely populated Nile Delta. The rest of
the concession area consists of gently rolling gravel desert, bounded
to the south by east-west trending escarpmgnts of Eocene limestone.

These physibgraphic provinces are an expression of the geology,
as shown on Figure 2, a geologic sketch map reproduced with permis—,

tion from Saids' The Geology of Egypt {Said, 1962). The 30th

parallel (crossing the map in the center) forms the southern boundary
of Santa Fe's permit.

The bulk of the escarpment-forming Eocene limestones lie south
of the 30th parallel. Most of the concession is characterized by
east-west trending outcrops of Oligocene to recent age, with Eocene
rocks showin? only in a few anticlines. Exposures of Cretaceous
sediments are reported from Gebel Shabrawet overlooking Great Bitter
Lake. The east-west trending outcrop pattern is indicative of the
apparent folding axes; the main pattern of faulting, shown on the
map, has a northwest-southeast direction.

Figure 3 is a LANDSAT mogaic which encompasses a much larger
area than the geologic map. One can orient oneself by Cairo at
the neck of the delta in the west; the Suez Canal and Great Bitter
Lake on the east, and the Mokkattam limestone escarpment forming

the southern concession boundary to the south.



Quite a number of geologic features shown on Said's map can
be readily indentified on the LANDSAT image; for instance, the
Eocene horst of Gebel Oweibid. Interestingly, there are many otherx
geologic patterns which are more visible on the LANDSAT imagery
than on the surface geologic map. As an example, note the almost
¢ircular syncline southwest of Gebel éhabraweth which is rather
inadequately represented on the surface map.

A great number of major and minor linears can readily be
observed on the LANDSAT mosaic; as shown in Figure 4. Close
scrutiny reveals that these linears represent a limited number of
statistical trends.

A presentation in the form of a star diagram not only enhances
their regularity but also shows that they are intersecting each
other at angles of approximately 15°, 360; and 60° (Figure 5).
These are the expected angles for shear sets of a strain ellipse
and they can also be related to Moody & Hill's wrench fault tectonic

scheme (Figure &) first published about twenty years ago (Moody and
Hill, 1956).

This does not imply that the Cairo-Suez area is governed
entirely by wrench-faults. In an area that lies at the junction
of several important crﬁstal plate boundaries which separate the
African continent from the Mediterranean crust to the north and
from the Sinai and Arabian blocks to the east, one can expect that
divergent movements of these crustal blocks created a forceful
stress system. This was likely relieved by a complex pattern of
shear zones, compressional features and tensional rifts.

The major structural units are illustrated in a simplified

manner in a regional tectonic sketch (Figure 7).



The Gulf of Suez-Red Sea system is one of the most outstand-
iﬁg features .in this area. It likely consists of a combination
of ténsional rifting and strike-slip movements (left lateral wrench
faults). 1Initial block fauiting cccurred towards the end of
Oligocene time and was associated with widespread volcanism.

If sea floor spreading is indeed a factor in the later histo?y
of this area, it was restricted to the Red Sea proper and did not
penetrate the Gulf of Suez..

The Gulf of Agaba - Dead Sea sheer zone is egually impressive
in its magnitude. It is probably along this left lateral wrench
fault that any plate movement caused by Red Sea spreading occurred.

A distinct N 50° W trend occurs at a.15° angle to the N 35° W
Gulf of Suez -~ Red Sea trend. Said combines the two trends under
the name "Erythrean or. African faulting”; and indeed, the shore-
lines of the Gulf of Suez and the Red Sea are controlled by seg-
ments of both of these two trends (Said, 1962, P.33). The N 50° w
direction appears to be much older since it is expressed in shears
within the Precambrian shield (Abdel-Gawad, 1969). In addition,
the N 50° W direction was certainly rejuvenated in more recent
times causing some of the more prominent right lateral shears in
our area of interest.

The north-south or "East African" trend is described by Said
as "the old grain of Egypt" (Said, 1962, P.32}, yet it still seems
to have played an important role in more recent geologic events,
being responsible for deflections of the Gulf of Suez shorelines

and of the Nile River.



An east-west trend related to the "Tethyan™ direction is prom-
inent in Sinai and crosses the concession area in several places. At
Gebel Oweibid it can be interpreted as a right lateral wrench fault
based on the outcrop configuration shown on the geologic map.

A major folding axis described as the Gebel Maghara-Abu Roash
line crosses our.area in a N 70° E direction, at right angles to
the primary stress oriented at about N 20° W. This primary fold
axis is not obvious from the geologic surface map of our conces-—
sion area; however, the magnetic intensity and the Bouguer gravity
map do reflect this structural orientation.

Considering the regional aspects of this main axis, one can
discern a southwesterly plunge from the Jurassic outcrops -at Gebgl
Maghara in the Sinai to the Middle Cretaceous outcrops at Gebel

Shabrawet near the Great Bitter Lake and to the Lower Cretaceous
and Jurassic encountered 2,000 feet below the surface in the-Abu
Roash wells.

At right angles to the primary stress lie also the direction
of greatest tension which could, at least in part, be responsible
for the rifting of the Gulf of Suez. And while a number of the
mappéd lineaments are probably related to strike-slip movements,
others are associated with block faulting and tilting. It is
believed that the major movement along the éulf of Suez trend was
a vertical displacement along normal faults resulting in tilted
fault blocks. This can be illustrated by the uplifted Middle
Cretaceous sediments at Gebel Shabrawet west of the Great Bitter
Lake. A similar uplift along the same direction of faulting prob-
ably occurred at Abu Roash west of the Nile Valley near Cairo. This
set of block faults would result in a steepening of the south-

westward axiasl plunge across the area.



Evidence for horizontal displacements is illustrated by a
set of drag folds that forms a distinctive pattern in the center
of the concession area.

In the course of our work, we have observed a surﬁrising coxr-
respondence between gravity and magnetic data and LANDSAT imagery.
It usually is in the form of close associations of linears and
lineaments with high gradients and magnetic accidents (Figure 8).
The magnetic anomalies which are. essentially reflecting the con-
figuration of the magnetic basement dramatically confirm the sub-
stance of the N70E regional trend that was first observed on the
LANDSAT imagery. Please note the departure of “the field fronm
this trend in the south-central portion of the permit area. We
have interpreted this as the reorientation of the basement along
a major left lateral strike slip fault seen on LANDSAT data.

This is an excellent example of how the potential field data and
the LANDSAT imagery compliment each other to arrive at a unified
and consistent geological picture.

The correspondence of the Bouguer gravity anomalies (Figure 9)
with the surface geology (Figure 2) is gquite good. Note the
roughly easé—west alignments of gravity highs over the folded and
faulted Oligocene sediments in the north and observe that a broad,
regional trend of N70E is disturbed by high frequency anomalies
associated with contacts and structures, particularly in the center
of the area. In the west, where there is a total absence of
geologic outcrops due to the vegetative cover of the Nile Delta,

we have a broad, elongated gravity low which trends north-south.



The LANDSAT interpretation highlights the contact and fault
relationship inherent in the gravity data as well as the regional
N70E trend which we feel is quite important to hydrocarbon accumu-
lations east of the Nile Delta. Please observe that jogs in the
course of the Nile are associated with flexures in the gravity
anomalies and the extensions of lineaments mapped outside the Delta.
We conclude that not only is the present course of the Nile largely
fault controlled but that these faults influenced the development
of a gorge of Grand Canyvon proportions which formed at the end of
Miocene. This gigantic 10,000 foot deep erosion channel (discovered
by Santa Fe's seismic reflection work) helps to explain the con-

spicuous north-south gravity -low mentioned above.

LANDSAT DATA CONTRIBUTIONS TO HYDROCARBON EXPLORATION IN YEMEN

The Yemen Arab Republie lies on the southwestern +ip of the
Avabian Peninsula (Figure 10). fThe area in which Santa Fe Minerals
was interested encompasses, in total, more than 5.7 million acres
of which close to 4 million acres are located onshore. A rather
restricted exploration option of eight months required us to
survey this vast area in the most expeditious and cost effective
manner. For this purpose, an abbreviated exploration program was
undertaken consisting of an offshore selismic survey combined
with marine gravity and magnetics. Over the onshore portion an
aeromagnetic survey and LANDSAT .interpretations were conducted.

The LANDSAT mosailc (Figure 11) will give the reader an
indication of the nature and ‘quality of the data as well as a

feel for some of the interpretation problems that were encountered.



The Tihama Plain extends 400 kilometers north to south along
the Red Sea Coast. This coastal plain gently dips to the west
from a mountain front which dramatically rises to heights of over
eight thousand feet. Although faulting, fracturing and jointing
are clearly visible in the mountains, at first glance there appeared
to be an almost total lack of these features in the plain due to
the thick alluvial cover. On closer inspection, however, it was
observed that despite the lack of ouicrops in the Tihama Plain
there are a profusion of subtle color or tonal streaks as well as
circular anomalies visible from orbit which are totally indistinct
eitheﬁ on the ground or in the aerial phofos(F@uJeIZL

Lineaments in the mountains define a structural fabric which
is relatable to the stresses that this area has been subjected to
as a result of regional upwarp or arching during the Oligocene,
and rifting during the early and middle Mioccene. Linears in the
coastal plain echo the structural fabric of the mountains lending
support .to the possibility that these color and tonal anomalies
reflect in some way the configuration of the subsurface, specifi-
cally fault blocks and attendant structures.

Subtle circular anomalies are opserved in the LANDSAT images
and appear. to be concentrated north of 14° 30°'. Salt,is being
mined from outcrops of Miocene age which have surfaced along
the Red Sea Coast, particularly around Salit (E1 Shazly, 1967).
It is also understood that an o0il company had drilled several of
"its wells on gravity lows, suggesting that salt domes were its

exploration targets (Priviledged Communication 1975). The



Aeromagnetic Survey revealed that no magnetic anomalies are directly
associated with these features. As a conseguence, it is confidently
felt that some of the circular anomalies reflect salt diapirs.

Their concentration above N14° 30' suggests a thickening oﬁ the
section in that area, strengthening the results of the aeromagnetic
interpretation.

The subtle circular anomalies (such as those targeted on
Figure 13) are best seen in band 7 images and in stretched false
color composites., While most of the anomalies appear as breaks
in the tonal pattern of the plain, some are associated with vegeta-
tion occurrences,

Of the five wells drilled by an oil operator in the early 1960's,
three of them are located on circular anomalies (Figure 13). It is
observed that all of the wells Jdrilled on circular anomalies -lie on
the flanks rather than on top of structural basement highs as inter-
preted from the aeromagnetic data, further supporting the contention
that these circular anomalies refigg; the presence of numerous
diapirs.

The color or tecnal anomalies which we alluded to are highlighted
in a portion of LANDSAT-1 Scene 1117-06562 (Figure 14}. The streaks,
trending southwesterly appear to be related to the onshore extension
of faulting as interpretéd from our offshcre seismic program. We
feel that these represent a reorientation of the drainage patterns
as a conseguence o0f southwest tilting of the section along these
faults.

The alignment of northwesterly trending streaks suggests that
they may be the expression of faulting parallel to the Red Seé rift
axis. Stream offsets along one such tonal anomaly indicates approxi-

mately three kilometers of right lateral offset. The association wit!



earthquake epicenters (Fairhead et. al, 1969) further indicates
that these streaks are the surface expressions of faulting (See
Figure 12).

Compagnie General De Geophysique (CGG) flew a 4600 km aero-
magnetic survey for this exploration effort in April of 1975.
The results of this survey were very gratifying because they not
only confirmed the results of the offshore wogk, but made many
of the features seen in the LANDSAT imagery understandable in a
structural context. A few of our observations may serve to
illustrate this point.

A north northwest trending fault system (interpreted by
CGG) parallels the mountain front and some of the linears
observed within and at the foot of the mountains.

The extensions of some lineaments from the mountains onto
the Tihama Plain coincide with high magnetic gradients not-
initially defined as faults. This aids in amplifying the inter-
preted fault pattern.

) Conversely, magnetic events interpreted as basement faults
réoincide with stream courses emerging from ithe mountains, suggest-
ing structurgl control of some of the drainage patterns.

The flanks and basinal axis of a three kilometer deep mag-
netic anomaly are reflected .by surface linears.
Numerous other interrelationships between magnetic data and

linears in the Tihama Plain assist in deciphering the structural

development of the area.



It is of particular interesst to note that LANDSAT observed
linears are not solely related to fault and fracture paEterns; but
often reflect deepseated structural trends and a variety of geologic
phenomena.

Considering its demonstrated versatility, low cost and ready
access, LANDSAT imagery deserves to be applied to all integrated |

exploration efforts, foreign or domestic.
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Geology of Cairo-Suez District, after Said
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PAPER COMPANY P 0. Box 18020, Jacksonwille, Fla 32229 (904) 765-3

A

Action Copy to _ €K _.

July 15, 1976 info Cepy 1o mﬁ;ﬁw
EpM
Yo s coe e s q:z-_—_
Dr. James C. Fletcher Fi:' g/g&"
U N R =Yl /'_....
NASA Headquarters Sy g :&4322
ahishel, v /=
I(":]Od.l—el.A . D c 0546 ORIGNAL PAGE IS %:r’..(‘;, e i"c"‘-l'v fOr‘
asnington, D. C. < M R T -
OF POOR QUALITY Sinatuce of &

Dear Dr. Fletcher:

St. Regis Paper Company is a large diversified timber based company
owning or controlling over 5.5 million acres of land in the United States
and Canada. In its Southern Timberlands Division, over 1.5 million acres
are managed in Flprida, Georgia, Alabama and Miggissippi. These lands
must supply a continuing flow of raw material to three large kraft paper
mills and meet the increasing demands of the many alternative uses,

To provide a decision base from which optional management strategies
can be selected, cperations and executive management depend upon a series
of long range planning models. These computer aided models are only so
good as the data input to them.

The Southern Timberlands Division is looking toward the LANDSAT
satellite system as a significant contributor to an already established
forest resource data base. Specifically, we expect this contribution to
help broaden the data base, enhance the timeliness of reporting and to
establish a more efficient forest data acquisition scheme.

The technical and procedural problems of achieving such a broad based
information system may be substantial; however, a greater concern to us is
the fact we are dealing with an experimental data acquisition system that
has no guarantee of being a continuing source of data.

A non-data continuum is not the only concern. An experimental satel-
lire system such as LANDSAT 1 and 2 may promise no more than a slow, in-
efficient and awkward data handling system. Such a situation would dis-
courage integrating these data into an operational information system.
Although we don't like to think so, it is entirely possible the time and
resources committed by.St. Regis may be but an academic exercise, with the
only marginal consolation being an ability to handle and manipulate multi-
spectral digital data. Such data will surely be of increasing importance
in the future. A knowledge of how to analyze these data will be vital, but
without LANDSAT and the follow-on program, an important added dimension of
information will be lacking. Where, for example, can we have an 8.5 million
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acre synoptic view of the earth in one scene? Repeatability of coverage
every eighteen days (or 9 days with two satellites) at the same time of
day and geographical location, is also a consideration. We know of no
alternative platform that could repeat this kind of coverage. We feel,
with just LANDSAT 1 and 2, and the state of the art as is, the system
warrants operational status. We know that various photographic sub-
systems will be involved in the whole system. We believe such a multi-
staged approach to resource data acquisition is logical, efficient and

far superior to what is now in place. We fully expect that LANDSAT C

and later LANDSAT D or follow-on will provide data of increased precision
and scope such as to improve even further our information base. This is
especially true with follow-on and the proposed thematic mapper. I am
told there is every reason to expect the increased resolution of 30 meters
will allow us to drop at least one level of underflight data. This, along
with an increased dynamic range of grey scale to 256 will enhance classi-
iication capabilities. Such improvements will have an effect not only on
St. Regis total land holdings, but all private and public organizations
involved in resource management.

With all this in mind, we strongly urge NASA to vigorously pursue the
proposed on-going operational satellite system. We feel such a system is
mandatory if proper decisions are to be made as to the management of our
natural resources in general, and forest resources in particular.

Sincerely,

Kenneth D. Bailey ///
Divisional General Manager
Southern Timberlands Division
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THE SUPERIOR OIL COMPANY

P O BOX I521
HOUSTON, TEXAS 77001

July 23, 1976

Dr. James C. Fletcher

Administrator

National Aeronautics and Space Administration
Washington, D. .C. 20546

Dear Dr. Fletcher:

The Superior 0il Company has been utilizing Landsat data in
our natural resources exploration program since it was first
available to us in late 1972. We have found the data very
useful in the early stages of our exploration programs, particularly
in areas where we were starting a grass roots exploxaticn effort.

Our effort with Landsat has bsen two-fold:

1. We supply our exploration people with the best
guality data available in their areas of interest
and aid them in interpretational techniques
developed by our applied Research and Development
group.

2. We have a continuing program orientated toward
developing better interpretational techniques
and specialty products {(ratios, special stretches,
etc.) which aid in the solution of specific
ex¥ploration problems.

Our utilization of Landsat data in petroleum exploration
has been more limited than in mineral exploration, primarily as a
result of our present exploration targets. Our concentration in
recent years has been in water covered areas where Landsat has
minimal application. However, in areas where our search takes us
on shore, Landsat is utilized in our early exploration effort in
an attempt to define basin shape and size and determine the
presence of surface structure. It is also useful in determining
the type of terrain and vegitation which will be encountered in
the field, significant problems in many foreign areas.

In my opinion, Landsat type data has it's biggest application
in the field of mineral exploration. Landsat type data can save
many months to years in the reconnaissance explorxation phases of
unvegitated areas. We have been successful in a number of areas,
both foreign and domestic, utilizing Landsat data to outline
specific target areas for ground based exploration.
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I have used the term Landsat type data because the present
Landsat bands are not optimumly positioned for geclogic mapping.
In particular, we need bands centered at 1.6 and 2.2 micrometers.
The 1.6 micrometer band is proposed forxr the thematic mappexr on
Landsat D; however, without the 2.2 micrometer band to utilize
in ratioing, its value will be significantly diminished. Our
experience indicates that ratioing of two bands in the same
portion of the spectrum is much more useful in geologic mapping
than single bands.

The increased spatial resolution and dynamic range of
Landsat D will certainly be welcomed by the Geologic Community;
however, until the bands are placed in an optimum position forx
geclogic mapping, the really large benefits of natural regource
exploration from space can not be obtained.

Very truly yours,
THE SUPERIOR 0IL COMPANY
Jon ¥W. Davidson

JWD:clh

cc: T. C. Holt - The Superior 0il Co. - Houston
Barbara Williams - N.A.S.A. - Washington, D. C.
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TROLLINGER GEOLOGICAL ASSOCIATES, INC. N

W. V. TROLLINGER CONSULTING GEOLOGISTS
President TGA Bldg / 2150 8. Bellare St. / Denver, Colo. 80222 / Phone (303) 757-7141

July 14, 1876

Dr. James C. Fletcher

Administrator

NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

Washington D. C. 20546

Re: Value of LANDSAT for Petroleum Exploration
Dear Dr. Fletcher:

The purpose of this letter is to bring you up to date on our photogeologic mapping
program using LANDSAT in Guatemala and southeastern Mexico. It is with a sense
of responsibility that I let you know how useful LANDSAT has been in our oil ex-
ploration program there, particularly in light of your help last year in scheduling
LANDSAT-2 to acquire coverage in certain cloud-covered areas.

You will remember, I wrote to you on September 4, 1975, and visited your oifices
in early Ociober and discussed our geologic mapping program in that region. As
you know, Trollinger Geological Associates, Inc. (TGA) is a consulting photo-
geologic mapping company located in Denver, Colorado. For the past fourteen
years our company has specialized in photogeologic-geomorphic mapping and
advanced remote sensing analysis for petroleum and mineral exploration all over
the world. Our staff has an aggregate of over 200 years' experience in mapping
more than 2,000,000 square miles of the earth's crust. We have been users of
space photography since its inception, and have utilized Gemini, Apollo, ERTS,
Skylab and LANDSAT materials in conjunction with conventional and special-
purpose aircraft photography and imagery {See enclosed brochure, Exhibit 4).

in 1973, TGA completed a detailed photogeologic-geomorphic study (using air-
craft photography) of a 1,500 square mile area in Guatemala for our parent com-
pany, Shenandoah Oil Corporation (SOC), who held oil exploration rights there.
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This was followed up by field work, geophysical surveys and drilling, which
resulted in a significant oil discovery by SOC on the Rubelsante anticlinal
structure. Almost simultaneously, a huge oil discovery was made in Mexico,
some 220 miles to the northwest on trend with Rubelsanto. This is the giant
Reforma Field, estimated now to contain 14-40 billion barrels of oil reserves.

In order to determine the geological relationships between Reforma and Rubel-
santo, SOC commissioned TGA to undertake a regional photogeclogic mapping
project using LANDSAT and SKYLABR imagery in conjunction with all other geo-
logic information available. The preliminary LANDSAT photogeologic study is
nearly completed, thanks to yvou and vour staff for obtaining LANDSAT~2 cover-
age. This in areas of previous cloud cover.

I am sure you appreciate the difficulty exploration companies often have in
supplyving specific details regarding their early exploration efforts in a given
area. Due to the huge expense involved in exploration, much of the information
gained must be kept proprietary until development is complete. However, SOC
has given TGA permission to provide NASA with reduced copies of our preliminary
maps (not for distribution), together with other supplemental information relative
to this project. This is done with the hope that it will serve as a demonstration
model as to the value of LANDSAT for regional explcration studies for petroleum.

The area studied embraces approximately 380,000 square kilometers including

all of Guatemala and Belize, the southeastern end of Mexico and the westem
parts of Honduras and El Salvador. The space-derived materials utilized in-
cluded (1) LANDSAT black and white prints (bands 5 & 7} and color composites
{(bands 4, 5 & 7) at the scale of 1:1,000,000 and (2} SKYLAR color photography
{S190R) at the scales of 1:500,000 and 1:1,000,000. Methods of map compilation
and geologic interpretations were similar to those of a conventional photogeologic
evaluation using aircraft photography, but modified in accordance with the charac-
teristics of the space materials, A black and white mosaic was constructed at
the scale of 1:1,000,000 from band 7 images (Plate I-reduced copy). Geologic
interpretations were made using the various LANDSAT and SKYLAB images, and
annotations were compiled to an overlay to the LANDSAT mosaic. Final maps
were prepared from the preliminary base map overlay and prints of these were
prepared on linen and hand-colored with lithographic inks.

The interpretation phase involved the utilization of all available published geo-
logic maps and reports to provide background information on the surface strati-
graphy, structure and geomorphology. In addition, experience gained by TGA in
detailed mapping (using aircraft photography) in the SOC concession area pro-
vided invaluable information to add to the data base prior to initiating the inter-
pretation. The detailed analysis of the LANDSAT images was accomplished by
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first using the areas of overlap between adjacent orbit tracks. These were
studied in stereoscopic perspective, which greatly facilitated discrimination
of basic rock units and mapping of structural features. WNext, interpretation
of the larger parts of each image not overlapped was accomplished using
monoscopic methods. A magnifying glass was used to infer and extrapolate
the major structural and lithologic data from the sidelap areas and the non-
stereo areas.

Plate II is a reduced copy of the preliminary TANDSAT photogeclogic map. This
work has added immeasurably to our understanding of the geology of the region

and promises to be extremely useful as SOC continues exploration and drilling

within their exploration block.

Some of the things we have leamed are:

(1) Reforma and Rubelsanto lie along the same structural trend, at opposite
ends of the Chapayal-Peten Basin, the southern segment of the Gulf Coast
Province.

(2) The structural features of the SOC block are similar in character to

those of the Reforma and the intervening area of Chiapas, Mexice. The

curving pattern of folds and faulted structures give clues to the shape of
the basin and patterns of deposition.

(3) The limits and characteristics of the major tectonic features forming
the boundaries of the Chapayal-Peten Basin. The left-lateral displacement
along the major controlling faults (CCP, Motagua and Jocotan} has produced
numerous secondary structures within the basin, many of which probably
represent significant hydrocarbon fraps.

The total value of TANDSAT to the SOC exploration effort will not be known for
years to come. We are presently integrating this regional information into the
detailed data derived from wells drilled to date and "on the ground"” geophysical
surveys. The regional perspective provided by the LANDSAT siudy has signifi-
cantly updated our knowledge of the character and chronology of geologic events
effecting the region and without it, TANDSAT, this knowledge would have been
virtually unobtainable at any price.

It is our intention to soon provide copies of this study to the governments of
Guatemala and Mexico. This is being done out of a recognition by SOC that
cooperation between Mexico and Guatemala and the exploration companies in-
volved will result in a more rapid development of needed oil resources in this
-Tegion.
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I want to again thank NASA and you for vour contribution to this project. This
is but a single case in point, illustrating the value of TANDSAT for petroleum
exploration. I am convinved that natural resources satellites offer the greatest
hope for meeting the growing world-wide energy crisis.

In closing, I would like to strongly recommend the continuation of the LANDSAT
program as planned, modified in the future to better meet the needs of explora-
tion geologists. T will be happy to provide any additional information you might
desire regarding our utilization of TANDSAT in petroleum and mineral exploration.

Very truly yours,

TROLLINGER GEOLOGICAL ASSOCIATES, INC.

S 7 J . )
7 it ,%Zéz&?/o,

‘William V. Trollinger

WVT:wh
];nclosure

cc: Mrs. Barbara Williams
NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION
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W. V. TROLLINGER CONSULTING GEOLOGISTS
President TGA Bldg. / 2150 S. Bellaire St. / Dsnvar, Colo. 80222 / Phone (303) 757-7

June 14, 1976

Mrs. Barbara Williams
NATTONAL AERONAUTICS and SPACE ADMINISTRATION
Washington D. C. 20546

Re: Questionnaire on Utilization
of Landsat Data in 0il Explor-
ation

Dear Mrs. Williams:

It was a pleasure to meet with you in our offices during your brief visit to
Denver last month. The following is in response to your request for information
concerning our utilization of Landsat data in the conduct of our geologic map-
ping programs fof petroleum and mineral exploration. As you know, our company
specializes in making detailed photogeologic-geomorphic studies for the petroleum
and mining industries. In general, we utilize the Landsat data as supplementary
imagery to aircraft-derived aerial photography. The following are answers: to the
questiomnaire you gave me, a copy of which is enclosed:

(1) Yes, we have been using Landsat data in regional .exploration studies
ever since it has been available. Accordingly, we have utilized
Gemini, Apollo and Skylab imagery as it has been made available to
vs. In conjunction with our global exploration efforts, TGA has util-
ized Landsat data on five continents.

(2) Yes, we utilize Landsat data for regional exploration studies as well as
combining it with conventional methods utilizing aircraft aerial photo-
graphy. Generally speaking, the Landsat imagery provides the overall
synoptic view for regional geologic (primarily structural) interpretation
which puts the detailed information into its regional context. A partic-
ular example of the utility of Landsat data in conjunction with aircraft-
derived imagery is that of a recent study our company completed in South-
east Mexico and Guatemala (letter to follow).
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{3) ,- 1t 1s very difficult to quantify the amount of cost savings effected

(4)

(5)
(6)

* by utilizing Landsat data over a totally conventional program. This

is because the type and quality of information derived is quite dif-
ferent. However, the following information is given for general com-
parative purposes:

For the Guatemala-Mexico area mentioned above, the cost break-
down roughly is as follows:

a. Detailed study using aircraft photography
(approximately) 1500 square miles-$6.50 per square mile = §9,750.00

b. Regional study using Landsat
(approximately 150,000 square miles-§.20 per square mile= §30,000.00

c. $6.50 per square mile divided by .20 per square mile = 32.5

This means of the unit costs for mapping using conventional photography
were 32.5 times more costly than using Landsat. However, the products
are totally different in quality and amount of detail and therefore,

the cost figures are of limited value. The resultant Landsat photogeol-
ogic map was prepared at the-scale of 1:1,000,000, whereas the conven-
tional photogeclogic map was prepared at the scale of 1:50,000. Thus,
the conventional map is more detailed and more comprehensive than the
Landsat map - however, the Landsat map provides data that has been here-
tofore virtually uncbtainable at any cost.

Regarding the second question in No. (3), I would suggest that there is no
way to make this comparison. Since you are including geophysical costs as
well as geologic, the question becomes extremely difficult. The purpose of
the Landsat study would be to provide regional information which would give
selective guidance to on-the-ground geophysical operations. I would simply
say that we have not yet had enough experience with the Landsat data to be
able to quantify its value in the conduct of ongoing exploration programs.

Regarding the most beneficial characteristics of Landsat, I would suggest
that a. scan large areas (regional synoptic view) and b. discern major
structural and 1lithologic features - would be the most important. If those
are the most beneficial, then they should have some impact on cost savings.
The amount however is difficult to pin down precisely.

No information.

In regard to different seasonal conditions, our company always uses only one
set of conventional aerial photography. This is generally flown to the seasc
most appropriate for the type area involved. In regard to this feature of
Landsat, this is not at all an important factor in our use. Moreover, I ser-
iously question whether this results in increased accuracy. In regard to a
cost savings regarding repetitive coverage during different seasons, this
would not result in a cost savings but rather an added expense.
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(7) ,-Regarding using Landsat data to select areas for mote detailed study, the
answer is yes. Again, this is difficult to quantify because it represents
the utilization of materials heretofore unavailable. This should be a
very significant factor in years ahead, when the imagery is more suited to
geologic exploration.

(9) No opinion.
I hope the foregoing information will be of some use to you in the days ahead. I
am sending under separate cover a copy of the letter referrlng to our Guatemala-
Mexico study.

Very truly yours,

TROLLINGER GEOLOGICAL ASSOCIATES, INC.

Tl /e el m

William V. Trollinger

WT:wh



OTL COMPANIES

~=

Have .you been using LANDSAT data in regional exploration studies?
Do you use only IANDSAT data for regional exploration studies or
do you conbine it with conventional methods such. as aerial

photography, reconnaissance surface geology, and seismic surveys?

What cost savings in onshore geologic and geophysical (G&G)

‘operations is derived from this use of IANDSAT data over a

totally conventional program? Would this represent a 35%
savings for your company's onshore G&G operations?

Some LANDSAT users have found the following advantages:

- scan large areas

- discern major structural and lithologic features

- see an area many times under different seasonal and
atmospheric conditions

~ improve existing interpretations of local areas

-~ suppress a large amount of distracting detail permitting
subtle large scale differences to be defined

- see an area in various forms of black and white, multi- -~
colox, and mualtiple bands of infra red.

Which of these features have you or would you find especially
beneficial? Which are most related to cost savings? Why?

5.

With conventional methods for regional exploration studies did
you have to combine local data to get regional information?

what percent of the G&G expense was associated with this
carbining?

Did you find a cost due to the inaccuracy of this method?

With conventional methods did you get G&G data on an area under
different seasonal conditions? If not, have you found this

IANDSAT feature an important factor for increasing accuracy?
Could you place a cost savings on this increased accuracy?

Have you used IANDSAT data to choose optimal regions for
exploration? What percent efficiency have you found?
Can you assign a cost savings?

Have you found LANDSAT data useful for new seismology techniques
namely bright spot analysis?

1f yes can you assign a cost savings to this use of LANDSAT data?



2

9. If an acceleration in tne discovery rate of the existing
petroleun stock would occur, do you think it would be
beneficial for your company to increase its production rate?
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CITIES SERVICE O COMPANY Exploration & Production Research
Box 50408, Tulsa, Oklahoma 74150

Telephone: 918-586-2211

October 13, 1976

s . Barbara E. Williams

Code EK

National Aeronautics and Space Administration
Washington, D.C. 20037

Dear Ms. Williams:

First, I wish to apclogize for this delayed response to the
questionnaire that you left with us during the brief visit last summer,
regarding the utilization experience of Cities Service with Landsat data
for onshore geological and geophysical operations. Secondly, it should
be understood that the following comments are my specific response to
the questions based upon a general knowledge of how the various explora-
tion groups in our worldwide operations view and use the Landsat data and
my personal opinion of how the data should ba used, now and in the future.

e have used Landsat data, in standard product image format,
extensively for regional exploration studies since October, 1972. Whenever
possibie, it is combined with as much "conventional" data as is available.
However, in many of our foreign operations there is usually noi a large
amount of converitional data already on hand. 1In those instances of pooriy
known areas, a bLandsat image mosaic is frequently the best .approach to
quick evaluation of a region, and this type of overview is very valuanie
both before and after an exploration concession is obtained. Regardless
of the relative amount of information on hand, a good image mosaic is an
excellent base map for planning of regional data acquisition and subsequent
compiiation of data to facilitate its integrated interpretation. The
resuiting regional data base is a necessary step for the defimition of
prospects that can then be subjecled to the very expensive ground geophysical
follow-up that must occur to locate drillable targets.

We, Tike many Landsat users, find that the major advantage of the
imagery is the capability that it provides to look at & large area of the
earth's surface in such a Tashion as te suppress a g¢reat amount of distracting
detail thereby permitting the detection and mapping of major structural and
1ithologic features. The information derived from this broad perspective
is then combined with conventional types of data, both regional and Tocal
in scale, by means of a suitable geological hypothesis to develcp new, or

ORIGINAL PAGE IS
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improve existing, interpretations cf more manageable local areas. To

get coverage of an equivalent area (13,000 sq. mi.) with standard air-
photes would involve a very large number of airphotos (approximately

2,000 photos per Landsat scene), and contracted data acguisition, print-

ing and mosaicking of this size survey would cost on the order of $75,000.00.
The required scale veduction to get that amount of photomosaic to a useable
size is such that the inherent tonal variation and spatial distortion in

the final product renders it relatively unuseable for the sort of study it
was intended, i.e., to show large, but subtie, features of geological signi-
ficance. Also, the time to develop the product to this stage can be inord-
inately long. The resulting high cost-to-benefit ratio has effectively
precluded the general usage of any large area photomosaics.

He know that multi-season coverage may offer more information
than a single look by detection of such changes as vegetation cover, soil
moisture and sun angle. HMany clues of geological significance are transien:
in nature because of these factors, yet the previously cited costs for an
airphoto survey make it unlikely that the clues will be sought after with
this tool. VWhereas the increased amount of information from multi-season
airphoto coverage would probably not be sufficient to warrant the necessary
expenditure for it, the fact that repetitive Landsat data is available for
such a small price ($12.00 per scene} certainly behooves an explorationist
to exploit it for any possible advantage.

The multi-spectral nature of the Landsat data is due similar con-
sideration to that of the multi-seasonal aspects for many of the same reasons.
The various views of the same scene that the multi-speciral data provides
will often yield considerably more information than any single view which
is possible. Of course, the same kind of data can be acquired by a multi-
camera airphoto survey, but the previously mentioned factors of cost,
mosaicking and scale reduction are seriously compounded by the increased
number of photographs that must be considered to do so.

Please note that airphotos and photomosaics have a definite,
functional place in most exploration ventures, but they are not well-suited
to large region studies which are typically of a "reconnaissance” mode,
Conventional photogeologic studies should occur as the second step in the
exploration scheme to further reduce the size of areas selccted for ground
follow-up. 1 suggest thal far too iany users of Landsat data are lechnolo-
gically ignorant when they expect to do detaifed photogeologic mapping with
orbital altitude data. Tn2 unquestioned advantage of Landsat type imagery
is -the synoptic view that it provides by suppressing much of the distracting
detail on the earth's surface, yet it is precisely that very same detafl
which is sought after in photogeoioaic mapping. The point of this discussion
here is that neither sateliite nor aircraft data are a replacement for one
another, but are indeed supplementary tools to be knowiedgeably used for
distinctly different (altnough closely related) phases of exploration.
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For these reasons, to attempt a meaningful economic analysis
of direct Landsat-related costs and benefits such as this questionnaire
is seeking will be very difficult, to say the least, and inevitably mis-
leading in its implications and conclusions. For example, a multi-seasonal
(four times per year) regional reconnaissance study of a 13,000 sq. mi.
area would cost on the order of $300,000.00 for airphotos and $48.00 for
Landsat's multi-spectral images, i.e., an apparently tremendous cost savings
just in data acquisition by using Landsat data over a conventional program.
But, because of the long lead time, the cost, and the relative effectiveness
of the regional scale, the airphoto study would probably not be included
as part of a conventional reconnaissance program; therefore, the cost savings
are only illusory. Another extreme example would be one relating to foreign
operations where airphoto surveys are very costly or impossible to acquire
because of political expediency. In such an instance, lLandsat data is the
ocnly way to get regional recomaissance structural information, and decisions
to bid or not to bid on exploration concessions costing millions of dollars
could be influenced by the information provided through a single Landsat
image which costs only $3.00.

tandsat data is just another tool, and as.such, it may be utilized
in various ways and with various effects. 1In some instances, it can be of
singularly benseficial use, e.g., for regional reconnaissance when it provicdes
significant data that is just not available from any other source for a
feasible price or in a practical time frame, and in other instances, it 1s
only of supplemental benefit, e.g., when used as & good base map for con-
ventional data compilation.

The EROS concept, and Landsat system{s}, is a truly remarkable
venture that can only continue to grow and expand in its influence on how
we are to handle the challenge of providing the natural resources that are
so indispensable to the future. The benefits that have been derived to
date are, as I have tried to indicate above, extremely difficult to quantify
for precise assessment, but let there be no doubt that the program has made
many significant contributions to our efforts already. Cities Service is,
as most energy-expleration companies are, a large group of people with diverse
technical experiences and information requirements. Therefore, new concepis
and tools are all too frequently difficult to introduce &nd be readily
assimilated into the normal scheme of operations. So it has been with the
tandsat data, but we now Teel thal we have crossea the recognition threshold
with a large portion of our people. Ve certainly have done so on a Company
philosophy basis as is wilnessed by our moral, technical, and financial
commitment to the recently conceived Geosat Committee, which is itself
perhaps the most conclusive testimony of all in regard to the relevance _
attached to the EROS program by industry. The information that explorationists
have been able to derive from the data content of the Landsat-l &‘~2 satellites
(which would be more appropriately named "Agrisat" because of their gpectra]
selections) has been very valuable in a duai consideration: flrst, it has
provided a practical method for seeing the regional picture thal is so often
relevant to our task but was previously unavailable; and secondly, it has
served to merely indicate the vast potential that awaits to be tapped through
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systematic coverags of the earth's surface by sensor systems that are
dedicated to, and spectrally tuned for, geological exploration purposes.

It is this latter consideration to which the Geosat program will address
itself. OQur industry, as a whole, is sufficiently convinced regarding

the prospective utility of the ERGS concept that we are willing to join
together in a loosely-knit, cooperative venture to dafine, recommend, and
support implementation of changes to the system which are deemed to be

vitaily necessary to fully realize the capabilities which have been envisioned
as the direct resuit of the Landsat program.

Two of these aspects should be briefly commented on here as I
believe they are integral to a proper response to the original questionnaire.
The batch-processing method whereby the Landsat data is converted to a film
product for general public distribution often produces inadequate pictorial
rendition which prevents extractior of the full information level of the
data content, i.e., some of the images which could have played a measurable .
role in our exploration activities didn't because the film products obtained
from EROS Data Center were severely lacking in tonal contrast which prevented
full spectral and spatial resolution fidelity for large geographic areas of
interest. Also, the specific spectral windows that have been sampled by
the Landsat MSS system, because of their location anc broad width, have not
permitted realization of the rock-type mapping capability for which we had
hoped.

The proposed specifications for the Thematic Mapper to be employed
in the Landsat Follow-on program appear to nold great promise towards alle-
viating many of the problems that we now face. It is our sincere desire
that the EROS program remain viable, and hope that it will accommodate the
improvements to be recommended by the Geosat Committee whenever possible so
that this new tool can be increasingly and constructively used to its fullest
extent for geological exploration in the future.

Very truly yours,

W Ve

Paul G. Harrison
Senior Research Geophysicist

PGH/msh
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HOLD FOR RELEASE
UNTIL PRESENTED
BY WITNESS

Statement of

Dr. 1. ILeRoy Scharon
NL lndustries, Inc.
Golden, Colorado

before the

Committee on Science and Technology
House of Representatives

Mr. Chairman and Members of the Committee:

It is with a sense of duty and responsibility that I speak
on behalf of NASA and its applications program and specif-
ically address my remarks to the value of Landsat to the
mincral exploration industry.

When one is constantly reminded of the statistics and
statements involving mineral discoveries, such as “today's
odds against Finding a commercially exploitable metallic
orebody as 10,000 to 1," or, "the United States mineral
deposil.s havce heen exploited to the point of no return,™
or, "tLhe United States has been a major importer of many
raw materials ever since World War ITI," or "the rate of
new discoveries and development of resources is declining
for a wide range of minerals," one i1is tempted to become
extremely pessimistic in the expected results of his
exploration endeavors. But, as in the past, there is
invariably some new technology that always comes to the
forefront to change the atmosphere from one of pessimism
to one of optimism. I personally, and I am confident that
my associates in the task of mineral exploration, look
upon that phase of NASA's total program, i.e., the Landsat
epoch, as an important new technology that will and is
minimizing that pessimism.

NL Industries, although not exclusively a mining company,
is a corporation that uses many raw materials in its total
business program. As a result, NL does support a mineral
exploration group. This unit is dedicated to the discovery

of new mineral sources in a minimum of time and at a minimum

cost. We, therefore, are constanty monitoring new tech-

nology and new geological concepts and employ new technolgy

and new geological concepts when we can demonstrate they
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are applicable to our exploration programs. With all
modesty, I can assure you that the Landsat program,

even in its earlier stagesg, received not only our attention
as to its potential value, but was implemented into our
exploration program, where today it is an important and
essential element in our total mineral exploration efforts.

wWhile not intending to oversimplify the basic concept of
mineral occurrences, it is stated that the chance of

finding a new mineral occurrence is based on three simple
conditions. First, one must identify a suitable hostr rock
in which minerals of economic guantity may be found. Second,
one must locate a favorable geological structure along which
and in which mineral sources may travel and be concentrated.
And third, one hopes to find actual presence of mineraliza-
tion. TIf all three conditions are present then the
potential for a major mineral discovery is high. Today,
however, in the United States it becomes necessary to carry
out mineral exploration in many instances, where none of
these criteria are visually evident but of necessity can
only be inferred. A large portion of exploration funds,
therefore, are expended establishing all of these concepts
before a hopefully successful exploration program can be
initiated.

The availability of Landsat imagery in its various forms

of black and white, multi-color, and multiple bands of
infra-red to the mineral exploration industry allows the
exploration geologist to scan areas of many thousands of
square miles and with his geological knowledge interpret
from these individual data and their many combinations,
structural features and in some cases actual preparation
of rock formations that may serve as host conditions for
the concentration of mineral occurrences. With these
interpretations at hand, a mineral exploration group has
been honed in to specific targets, not only in a diminished
time frame but also at the savings of many thousands of
dollars, preliminary to establishing a specific exploration
program.

One of the important advantages of Landsat imagery is

that the exploration geologist has the rate opportunity
over a span of time to see the area of interest not once

2 P/&(



but many times. Updated imagery reflects changes in
atmospheric conditions, diurnal changes, seasonal changes,
and in rare cases aclual geological processes in action,
all ol which may he very sublle, yvel they enhance the
geoloyist's inlerproetotions, resulbing In a more posilive
commilmenk as to whal. he see:s. As in all indireclt mineral
exploration technigues, of which Landsat is an ecstablished
entity, the success is a direct function of the user's
geologiccal knowledge.

Like any new technology, there are always stages of
improving or expounding upon the end results. In the case
of Landsat, and as a result of the involvement of the
geologists' use of same, these enhancements are and will
be brought about. For example, Skylab photography enhanced
the usage and ultimate interpretation of Iandsat imagery
where coverage by both was availabhle. The eventual
gathering of data through the inclusion of heat capacity
sensor mapping and the increase of multispectral scanner
technology, will enhance further the geologists' inter-—
pretation of the threc basic elements that determine the
loci of mineral concentrations. I would look for the
inclusion of a sensitive magnetometer in conjunction with
the Landsat imagery. These potential innovations could
assist immeasurably in the reversal of the genral gloom
that hangs as a shadow over the mineral discovery problem
in the United States.

So far I have been making rather generalized statements as
to the value of landsat imagery to the mineral exploration
industry. Just how has NIL Industries made use of Landsat
data? I shall make an attempt to elucidate, but due to

the proprietary nature of our efforts, I cannot be specific.
In one instance, by combining Skylab and Landsat imagery
over an area of several thousand square miles which has not
been mapped geologically we were able to reconstruct a
geological structural pattern of faults and infer geological
formations. Before sending a geologist into the field,
these data were used to identify loci where mineral
occurrences, if present, should be concentrated. From

a practical point of view, the time element was reduced from
a field reconnaissance of two years to several months.

This alone represents a saving to NL of several hundreds
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of thousands of dollars. If all the mineral exploration
units in the United Stales wcre bto each have a similar
experience, which no doubt they have, then the savings

in Lime and money may well be several factors of 10.

In anolher case, which ovcurred ain the United States,
observing Tandsal jmagory over a known mineral district,

we obscrved through Ll utilization of the infra-red
bands, that one could interpret fracture patterns, not
evident at the surfucc, in which ore occurs at 1500-2000
feet below the surface. Applying this technigue over
another area where a similar host rock at depth is known
to exist, similar patterrs in ihe infra-red bands were
evident. As a resuit, over an area extending some 200
miles east~west and 50 miles north-south, specific loci
were spotted, an explccation program initiated with a
considerable decrease in time and dollars spent, and I
might add with an exploration success. These are but

two examples. Do we consider our many applications success-~
ful? T must answer, in all candor, that the answer is ves.

Occasionally throughout the world-wide mineral exploration
industry spanning many hundreds of years, there will come
‘some major breakthrough in technology that enhances the
discovery of natural resources. I look upon Iandsat as

the most important innovation to the mineral exploration
industry since thn advent of the airborne magnetometer that
followed World War II. And just as this phase of remote—
sensing developed to its high degree of perfection, I pre-
dict that Landsat will experience the same high degree of
technology and practical use.
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COMMUNICATIONS SATELLITE CORPORATION

Dr. James C. Fletcher, Administrator
National Aeronautics and Space Administration
Washington, D. C. 20546

Dear Jim:

We are pleased to respond to yvour reguest of April 12, 1976
and the very informative briefing given by Ms. Barbara Williams
requesting our assistance in assessing the potential market for
the products and services from a prototype operational earth
resources system. We believe NASA's efforts in this respect
are timely and will help to further the application of this
interesting and useful technology.

To date, neither COMSAT nor COMSAT General has been engaged
in any business relating to the provision of earth resources data
products or information services. However, we have initiated
internal studies concerning earth resources systems for the
purpose of understanding the technology, its potential applica-
tions, and the extent of its current utilization. We also have
followed with considerable interest the effort, both domestic
and international, devoted to the study of the establishment of
an operational earth resources system.

Based on our studies, we believe there is insufficient user
demand at this time to justify an undertaking by commercial entities
to establish a total earth resources system including the space
segment. However, we believe the market for earth resources data
products and information services, both within the United States
and internationally, has not yet been fully developed. In this
context, we believe there are four major factors which would have
an impact on the development of the market for earth resources data
products and information services. The first factor is whether
potential users believe there will be an earth resources satellite
system continuously available in the future. A second factor is
the extent to which any internationally adopted treaty or statement
of principles relating to the acquisition or distribution of earth
resources data will restrict the data products and information
services which can be provided to potential users. A third factor
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is the extent to which the data products and information services
provided to potential users can be expanded and delivered in a
more timely fashion. A final factor is the extent to which the
marketplace can be stimulated through aggressive marketing tech-
nigues and services.

Since 1t does not appear feasible at this time for private
industry to undertake the establishment of an earth resources
satellite system, we believe the only alternative for the period
through the early 1980's is for the United States Government to
establish a prototype operational system. The commitment by the
Government to establish such a system is, we believe, an essential
first step in stimulating the utilization of earth resources data
products and information services. We also believe the Government
should take all action necessary to ensure that restrictions on
the data products and information services which could be provided
commercially from such data sources be kept to a minimum.

While we do not envision involvement of the private sector
at this time in the establishment of the space segment of an
operational earth resources satellite system, we do believe there
may be an appropriate role for a private company in the distribution
of data products and sexvices to users, including the U. S. Govern-
ment, private industry and international entities. Given appropriate
business arrangements, the involvement of a private company in such
a function could result in the provision of more extensive data
products on a timely basis. It also would be likely that such a
company would engage in an aggressive campaign to develop the
market for earth resources data products. We recommend, therefore,
that consideration by NASA of the establishment of a prototype
operational system take into account the advantages achievable
through involvement of a private company in the distribution of
data products to users.

Finally, we wish to note the likelihood that a fully opera-
tional earth resources satellite system will involve substantial
international participation and cooperation., Giwven COMSAT's
experience and expertise in the definition, establishment, and
operation of satellite systems, we believe we could make a sub-
stantial contribution to any participation by the United States
in an international earth resources satellite system.

We appreciate this opportunity to present to vou our views
with respect to consideration of the possible establishment of an
operational earth resources satellite system.

Sincerely,

.’9L32§¥ V. Charyk
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Dear Dr. Fletcher:

Enclosed please find the results of a survey conducted of 53 committees
in the American Society of Civil Engineering (ASCE) to identify

potential applications of aerospace technology in civil engineering.

This study was completed by the Technical Council on Aerospace (TCAS)
last year and indicates that aerospace technology has wide application

in the civil engineering profession. Twenty-six of the thirty committees
that replied in the survey reflected a strong interest in aerospace
related technology primarily remote sensing by Iisting current and
potential applications in their technical areas.

The survey showed that civil engineers are actively involved in many areas _
in which satellite imagery is being utilized, or has the potential of

being utilized, to economically and effectively provide the needs of

mankind, including: water resources planning, management and environmental
evaluation; ocean and coastal engineering; beach erosion and tidal inlets;
longshore sediment transport and currents; river basin planning, navi-
gation and flood control; regulation and stabilization of rivers; urban
transportation planning and operations; urban and regional land use

planning; extraterrestrial surveying and mapping; oceanographic and
hydrographic surveying and charting; hydro power project planning and

design; environmental effects of power projects; pipeline planning and
location; project planning and formulation for irrigation and drainage
systems; surface water supply and hydrology watershed management; weather
modification; sedimentation and erosion of rivers, waterways and reservoirs;
tidal hydraulics; highway planning and Tocation; engineering geology; so0il
surveys; rock mechanics; urban runoff; water pollution control planning;
environmental quality management; agricultural waste management; non point
waste sources; atmospheric pollution; environmental concerns of construction;
planning and location of offshore and onshore airports and environmental impact
analysis. ~

Civil engineers are traditionally involived in the planning, design,
construction, operation and maintenance of projects that provide a useful
service to mankind over an extended period of time. Project concepis are
often based on an understanding of natural forces and systems, historic
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records of natural events and changes that are occurring on the surface

of the earth., Space derived data presents the ability to obtain such
information and understanding that could not previously be achieved.

Data obtained through the LANDSAT Program demonstrates the capability of
advanced types of remote sensing devices to produce not only the
comprehensive data base needed for monitoring and management of our resources
and environment, but also specialized data needed for solving specific
localized problems. In order to estimate future changes or events, many
project designs are based upon historic records and the longer the period

of continuous LANDSAT imagery available the more valuable these data become.

The civil engineering community is just beginning to realize the full
potential of this new technology. Spectral and spacial resolutions have
been the major limitations of LANDSAT imagery to civil engineering
application; however, the proposed LANDSAT foliow-on program with improved
sensors should overcome many of these Timitations.

The TCAS was formed in 1971 with the following objectives: to stimulate
the interest of Civil Engineers employed in aerospace activity in ASCE;
to coordinate aerospace related activities of the several divisicns and
enhance the participation of Civil Engineers in these activities; to
coordinate the activities of ASCE with other aerospace-oriented agencies
and professional organizations; and to review and respond to proposed
aerospace related legislation affecting Civil Engineers. Interest in the
Council's activities has increased considerably since it was formed and
the Council will become a Division in October, 1976. The Aerospace

Division will be one of 17 technical divisions in the 70,840 member ASCE
organization.

Ir consideration of the high potential foreseen for this program,

the Technical Council on Aerospace of the American Society of Civil
Engineers  fully supports the LANDSAT program and recommends that the
program be continued.

Respectfully submitted
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Final Report
on

Contacts with ASCE Committees Concerning
Aerospace Related Applications in Civil Engineering

by

Interdivision and Interdisciplinary Coordination Committee

r

INTROBUCTION -

To obtain information on potential applications of aerospace tech-
nology in Civil Engineering, the Interdivision and Interdisciplinary
Coordination Committee of the Technical Council on Aerospace wrote let-
ters to 53 ASCE Committees. The contact Tetter included three questions
on aerospace technology applications and are tabulated below:

1. Does your committee think that remote sensing or other aerospace
related technology have potential application in your technical
area and if so, what applications do you consider the most pro-
mising?

2. Do you know of any problems in your professional area currently
being solved utilizing aerospace related technology? If so,
could you provide the name of an ASCE member that we could con-
tact for additional information?

3. Is your committee planning any technical programs where remote
sensing or other aerospace related applications might be in-
cluded as a part of the program?

RESULTS

About 55 percent of the committees contacted responded to the let-
ter. The results are tabulated in Table 1. Twenty-six out of thirty
ASCE committees that replied reflected a strong interest in aerospace related
technology by listing potential applications in.their technical areas. About
half of those responding knew of problems which are currently being solved
utilizing aerospace related technology. In reply to question 3, about



Table 1., Summary of Conmittee Response

RESPONDING COMMITTEE QUESTIONSa
Response
1 2 3
1. Envir. Effects of Power Projects + ~
2. Hydro Power Planning and Design + 0 0
3. Planning and Economics - - -
4, Engineering Geology + + 0
5. Envir. Concerns in Geotech. Engr. + + +
6. Extraterrestrial Sur. and Map. + + 0
7. Land Use Planning + + -
8. Control of Quality in Const. + + -
9. Exper. Analysis and Instru. + - -
10. Properti=zs of Materials + + +
11. Mater Resources Systems + 0 0
12. Water Resources Program Devel. + 0 0
13. WW, Harbors, and Coastal + + -
14. Project Formul. Irrig. Drain + + -
15. Ag. Waste Management + - -
16. Weather Modification + + -
17. Water Resources Planning + + -
18. Envir. Aspects of Urban Trans. + - -
19. Water Poltution Control Plan + 0 -
20. MWater Resources Operations + 0 0
21. Urban Trans. Facilities + + -
22. Embankment Dams and Siopes + 0 -
23. Pipeline Planning + - -
24, (Cartographic Surveying + + 0
25, QOcean & Hydro. Survey & Chart. + + -
26. Watershed Management + + +
27. 1 & D Surface Water + + +
28. Research Council on Performance Struc. 0 0 0
29. Joint Committee on Tall Bldgs. - + -
30. Urban Water Resources Research 0 0 0
TOTALS 2(-) 5(-) 7(-
26(+) 17(+) 4(+
8 Code used: + positive response 2(0) 8(0) 9(0

- negative response
0 neutral response




10 percent of the committees felt that the topic of aerospace related
applications could be included as part of their future technical programs.

A brief summary of the potential application listed in the response
to question 1 follows:

A. Surveying and Mapping

T. New systems for cartographic surveying.

2. Surveying and mapping applications can be applied in topographic
and thematic mapping, resources inventory, geodetic positioning,
tand use classification and monitoring, satellite geodesy, and
mapping of other planets.

B. Geotechnical

1. -Terrain analysis, soils fdentification and construction materials
location.

2, Identification of geological structural features that will affect
the foundations of large structures and groundwater flow.

3. Soil property data acquisition from air-dropped, remote recording
penetrometers or other projectiles.

4. Detection of geotechnical hazards such as faults and landslides.

5. Monitor stresses in existing pipelines crossing fault lines to
forecast earthquakes.

€. Ocean and Coastal

Satellite positioning at sea.

Delineation of tidal datum bcundaries.

Wet lands identification and mapping.

Measuring water currents.

Identification of internal waves in the ocean.
Wave patterns off the coast.

Tracing plumes of eroded material from beaches.

O DY —
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D. Water Resources
1. Satellite communication links for data transmission.
2. Data acquisition for modeling and optimization of water resources
systems,

3. Forecast basin water yield and flood flows.

4, Inventory snow cover and surface water bodies.

5. Monitor regional and river system floods and inventory flooded
areas.

6. Monitor sediment loads in streams.

7. Evaluation of weather modification activities by remote sensing.

8. Inventory of resources.

9. Environmental data acquisition in project formulation for irrigation

and drainage systems.
10. Monitor water deficiencies in crops.



E. Environmental Quality )
Monitor point discharges of contamination and determine optimum

1.
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F. Transportation, Power Plants and Pipelines
1.
2.

discharge points for water pollution management studies.

—

Monitor

thermal patterns and conduct thermal pollution studies for power

plants.

Monitor feed lot runoff and agricultural non-point sources.

Assessing environmental impact.

Inventorying and monitoring natural and man induced environmental

alterations.
Monitor air pollution.

Pipeline route selection and pipeline leak monitoring.
Transmission line corridor routing and power plant siting studies
by providing information on land use, terrain analysis, vegetation,

soils and other natural features.

Urban transportation studies including inventory of existing parking
facilities, usage studies of parking facilities, inventory of
street systems, usage studies of street systems and land use inventory.

In response to question 2, the following list of ASCE members were suggested
as follow-up contacts:

|50 B N 8

L=}

For addresses and phone numbers the reader is referred to the ASLL Directar:

NAME

Roy Hunt, Ward and Assocs.
Robert B. McEwen, U.S.G.S.
Chartes K. Paul, J.P.L.
W.V. Hull, N.O.S.

Hellmut H. Schmid, N.0.S.
Merritt J. Bender, N.A.S.A.

Donald Stafford, Clemson U.

Mel Martin, Corps of Engineers
Hsiang Wang, U. of Delaware
Thorndike Salville, Jr., Corps
Rudy Savage, Corps of Engineers
George Watts, Corps of Engineers
Perry Davison, Federal Highway
R.0. Hoffman, Y. of Neb.

D.L. Edwards, U. of Neb.

C.C. Euckes, Mat. Resour. of Neb.

Frank Haws, Utah State U.
Bob Hill, Utah State U.
Dick Paulson, U.S.G.S.
Bill Burkart, N.C.E.L.

COMMITTEE MAKING RECOMMENDATION

Environmental Concerns af Geotechnic

Engineering

Extraterrestrial Surveying and
Mapping

Extraterrestirial Surveying and
Mapping

Oceanographic and Hydrographic
Surveying and Charting

Extraterrestrial Surveying and
Mapbping

Extraterrestrial Surveying and
Mapping

Land Use Planning

Quality Control of Construction

Properties of Materials

Coastal Engineering

Coastal Engineering

Coastal Engineering

Urban Transportation Facilities

[rrigation and Drainage Surface

Irrigation and Drainage Surface

Irrigation and Drainage Surface

Irrigation and Drainage Surface

Irrigation and Drainage Surface

Irrigation and Drainage Surface

Hate
Wate
Wate
Wate
Wate
Wate

Joint Committee on Tall Buildings

. pp - . - -



DISCUSSTON

The Surveying and Mapping profession has been actively involved in
aeraspace technology ever since the first U.S. satellite was launched.
Photogrammetyry is the classic and well-developed example of remote sens-
ing. Generally speaking there are the following major areas of applica-
tion in surveying and mapping: topographic and thematic mapping resources
inventory, land use classification, satellite geodesy and mapping of other
planets such as the moon, Mars and Venus. Space programs which have ac-
quired data by several sensors has provided information on a research basis
to Civil Engineers and others engaged in mapping.

Low tevel aerial photography has application in the planning and design
of transportation and particularly parking facilities in the following
areas: (a) inventory of existing parking facilities, (b) usage studies
of parking facilities, (¢) inventory of street systems, usage studies of
the street systems-and (d) land use inventory. These techniques appear to
have particular application in smaller metropolitan areas which do not have
extensive multitevel parking or office buildings.

Several promising applications in geotechnical engineering include
terrain analysis for site development, landform analysis, identification
and delineation of surficial soil types, and detection of geotechnical
hazards such as sinkholes and solution channels, seepage zonés, faults,
and landslides. Soil property data can be acquired from air-dropped
remote-recording, penetrometers or other projectiles.

Remote sensing has the capability of providing aerial coverage of a
wide area on a timely basis at a relatively low cost. It offers several
applications in electric power transmission line corvidor routing, pipe-
line planning, and power plant siting studies. Color, color infrared,
black and white infrared, and black and white photography can be utilized
for classification of existing land use, terrain analysis, vegetation in-
ventory, soil surveys and the analysis of other natural features. It was
also suggested that ERTS color composites can be used in the initial stages
of power plant site selection to provide coverage of a large search area.
After the plant is in operation remote sensing can be used to monitor air-
borne waste discharges from the stacks and thermal discharges into receiving
waters such as rivers, lakes and estuaries. The data thus obtained can
help improve mathematical modeling resulting in more accurate predictions
of future discharges.

Remote sensing and other aerospace related techniques have a great
potential and to some extent have been used in the field of water re-
sources planning and management. The Water Resources Systems Committee
has identified that data availability may be a lTmmting factor in the
use of water resources systems techniques including modeling and opti-
mization. Remote sensing may be able to provide the additional data
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needed for these complex models. Project formulation for irrigation and
drainage systems require topographic and soil maps at various scales

which have been compiled with the aid of aerial photography. ERTS imagery
is currently being utilized to inventory irrigation in Nebraska. Watershed
management requires inventory of vegetation, geologic resources, snow cover,
flooded areas, and surface water bodies. Along with this is also the moni-
toring of land use changes which occur in the watershed.

Potential application of reservoir-projects include reservoir sediment
surveys, determination of groundwater seepage from reservoirs, materials
survey for construction materials, studies of wave action to determine the
effects of vieather conditions and reservoir geometry, monitoring of water-
sheds for advanced forecasting of river floods and water flows, and identi-
fication of slide areas in reservoirs.

It was the feeling of severa) committees that remote sensing has a
tremendous potential in many environmental activities. Aerial photo-
graphy is a valuable tool in water pollution control activities such as
monitoring the ambient environment for unknown accidental spillage or
illegal point source discharges. Water pollution control planning acti-
vities could bensfit greatly in the context of better determination of
optimum dischargs points, assessing environmental impact from the physical,
chemical and biological standpoint and inventorying natural and man induced
environmental alterations. In project planning phase planning, remote
sensing techniques are used to obtain environmental data for consideration
in project development. Data communication Tinks provided by satellites
will become important for transmitting large volumes of environmental data.

There are many tried and potential usages of remote sensing in ocean-
ography such as identifying flow patterns, delineation of tidai datum plane
boundaries, wetlands identification, internal waves identification by ERTS
imagery, satellite positioning and coastal erosion studies. In general a
major problem is to extropolate from almost an instant in time to a general-
ized understanding of the system.

A single ERTS frame has an areal coverage approximately square 100
miles on each side. The spatial resolution is approximately one acre.
ERTS imagery has been precision-processed to national map accuracy of
1:250,000 scale maps. One chairman stated that the satellite ERTS is
a technology looking for a home and that the major limitation in utili-
zation of ERTS imagery-.is the resolution. Another chairman reported that
the two limiting factors in the utilization of aerospace technology which
must be addressed are dollar limitations and the transfer of technciogy
on uses and applications.



CONCLUSTONS

Civil Engineers are strongly interested in aerospace related tech-
nology that has potential application in their field. Most Civil Engin-
eers respondmng to the questionnaire were aware of potential applications
of remote sensing to their field but in general were not aware of other
aerospace related technology that might have application in their field.
It appears that the utilization of aerospace technology in Civil Engin-

eering other than remote sensing is being restricted by poor communication
between disciplines.

RECOMMENDATION

In order to advance the transfer of aerospace technology to Civil
Engineering, it is recommended IICC develop service reports to other
ASCE divisions on selected areas of aerospace technology which appears
to have potential application such as:

1. Application of program management as developed by aerospace
industry to Civil Engineering construction. GCoordinate this
activity with the Construction Division.

2. Application of stress analysis computer programs developed for
aerospace industry to structural analysis for Civil Engineers.
Coordinate this activity with the Technical Council on Computer
Practices and Structural Division.

3. Application of data collection, transmission and processing
technology to Water Resources and Environmental Engineering.
Coordinate this activity with Water Resources Council and
Environmental Engineering Division.

Respectfully Submitted, ORIGINAL PAGE IS
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Miguel Diaz-Gonzalez, Chairman W. David Carrier, III, Member
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BP ALASKA EXPLORATION INC.

100 Pine Street, San Francisco, Califormia 94111, Telephone {415) 445-9400
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EXP-NS-761/11

November 10, 1976

Dr. Martin Swetnick
Headguariters, Code ERR
National Aeronautics and
Space Administration
Washington, D. C. 20546

‘Dear Dr. Swetnick:

As you are aware, BP Alaska Exploration Inc. (BPAE} is an
original participant in the recently completed Alaska 0il and
Gas Association (AOGA) Arctic Research Subcommittee project #26,
"Sea ice conditions in the Beaufort Sea derived from four years
of Landsat satellite data." This study was carried out by En-
vironmental Research and Technology, Inc. {(ERT) from their Con-
cord, Massachusetts, office. Jim Barnes of ERT has already
written to you (28 September 1976) oultining the scope of the
study. I understand that more specific information on how indus-
try uses sea-ice satellite data would be helpful to your office
for planning on-going and future satellite programmes. Some

present and possible future BPAE uses for such data are cutlined
below.

My own responsibility within BPAE is to define methods for,
and estimate the cost of, oil and gas exploration and production
operations in prospective U.S. offshore areas. In the Arctic
and Bering Sea, this effort also reguires original engineering
research and a detailed understanding of the operating environ-
ment. Satellite imagery is particularly useful in this respect,
notwithstanding known limitations of the present systems with
regard to coniinuity of coverage, lack of visibility at night
and through fog and cloud, and degree of definition.

Even a brief reference to the Proceedings of the Arctic
Institute of North America Symposium on Beaufort Sea Coast and
Shelf Research (1974) establishes how fundamental satellite
imagery has been in determining present engineering understancing
of the Arctic offshore environment. Some particularly relevant
papers presented at this symposium include:

"Morphology of the Beaufort Sea Shorefast ice" by
W. J. Stringer, Geophysical Institute, University
of Alaska.



Dr. Swetnick ~2- November 10, 1976

"Ice forecasting in the Beaufort Sea” by William S.
Dehn, Sea Ice Corporation, Md.

"Potential use of satellite infrared data for ice
thickness mapping" by Leonard A. LeSchack, Develop-
ment and Resources Transportation Company, Md.

"Analysis of shear zone ice deformation in the Beau-
fort Sea using satellite imagery" by W. D. Hiblerx
et al. of CRREL.

"Sea ice as a geologic agent on the Beaufort Sea
Shelf of Alaska" by Erk Reimnitz and Peter Barnes,
USGS, Menlo Park, Ca.

Perhaps because Menlo Park is so close to BPAE's own San
Francisco office, I nhave had several discussions with Reimnitz
and Barnes on their Beaufort Sea work. Their ongoing use of
satellite imagery is a typical example of the direct benefit to
industry of the Landsat and other programmes.

AOGA project #26 was initiated to codify available satellite
sea-ice data into the most suigable form for industry to use dur-~
ing pre-lease sale evaluaticn and preliminary planning of offshore
operations in the area of the upcoming State/Federal lease sale
between the Colville and Canning Rivers. The report is well done.
As a result, BPAE and some other companies have discussed with ERT
preliminary specifications for a similar effort in the Bering Sea.
The urgency with which industry continues to treat this area will
depend upon the revised CCS lease sale schedules which should be
published shortly. However, consideration of some preliminary
requirements for this study will show typical uses of satellite
sea ice data to best advantage. My own comments to Jim Barnes
on requirements for a Bering Sea study of sea-ice conditions
based upon satellite data include the feollowing points:

1. Present published data have concentrated on mapping
sea-ice conditions in the Bering/Chukchi seas from
the requirements of marine navigation.

2. The Arctec study, "Feasibility study of Bering/
Chukchi Seas production and marine transportation
system” (AOGA project #25 for which ERT analyzed
the satellite imagery) improves upon published data
with regard to extent of ice coverage, but concen-
trates upon the operation of crude oil tankers on
a year-round basis and optimum siting of possible
terminal locations.



There are no adequate data available on ice condi-
tions, ice features, and general ice movement over
the whole area which can be used for preliminary
evaluation of the type of development facilities
which will be required offshore, and for outline
design and costing of fixed production platforms,
etc. This is the specific data gap the (proposed)
study should £ill.

The study should cover all prospective 0CS sale
areas in the Bering/Chukchi Sea. The St. Georges
Basin should be included despite Marathon's pro-
posal for a satellite interpretation programme
aimed specifically at this location. The ERT
study should be comprehensive and definitive for
the whole Bering Sea.

Specific questions to which answers should be
obtained include:

a. 1In which areas is the ice comparatively sta-
tionary, and in which areas is significant
motion observed from time to time?

b. In which areas is the ice sheet comparatively
undeformed; where do significant ice features
occur, what are these, how do they move?

c. Specific imagery and consideration of the edge
(10 to 20-mile band)} of the ice sheet as it
advances and retreats seascnally. This is
required, as a basis for further study to de-
termine the possible effects of ice floes im-
pacting under storm conditions with fixed
platform structures, and to evolve most suit-
able fixed platform designs and protective
measures. In the end, the data on average
and extreme edges of the ice sheet will be
related to expected wave height occurrences
on a month-by-month basis from October
through May, although this is well beyond
the scope of the present study. It may prove
necessary to adjust the distance from the ice
edge considered, as this will be a function
of the different wave height dampening effects
of different degrees of ice coverage. In view
of the low degree of definition available from
satellite imagery (based upon AOGA project 26,
500 m seems to represent the lower limit of
positively identifiable floes considering the
resolution capabilities of the Landsat MSS
sensor), a follow on project using U2 (if
available) or other photographic data may also
be required.
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d. Inasfar as it is essential to an understanding
of the whole seasonal process, and compliments
such work as the proposed University of Alaska
radar ice movement station in the Bering
Straight, how does the ice move and deform
in the immediate Bering Straight area?

e. One important consideration might be to con-
sider changes in ice conditions, ice movement,
etc., in each prospective area on a seasonal
basis.

f. Any easy obsexrvaticns which can be made relat-
ing ice movements, ice coverage, etc., to
currents, winds, and sea conditions occurring
at the times of observation; also to the pre-
dominant wind/current conditions and signifi-
cant deviations from the same.

Summarizing the general pre-~lease sale requirement, as indus-
try considers each new Arctic area, analysis of sea ice conditions
using satellite imagery will be required. More detailed photo-
graphic studies (such as the U2 flights over Prudhoe Bay) will
follow, as these give better definition of small ice floes and
features. Low altitude photographic and on ice surveys are needed
for final local control. With ongoing development of the U.S. oil
industry's Arctic offshore engineering capability over the next
few years, satellite imagery with only limited local control will
more and more become sufficient for pre-lease evaluation of Arctic
offshore areas.

In this respect, you will already be aware that the Unive¥si-
ty of Alaska and BLM/NOAA Alaska Outer Continental Shelf Environ-
mental Assessment Program {(OCSEAP) both have ongoing and proposed
studies which use sea-ice data obtained from satellite imagery.
These include:

"Study of climatic effects on fast ice extent and
its seasonal decay along the Beaufort Sea coast,"
Roger G. Barry, University of Colorado. OCSEAP
research unit #244.

"Morphology of Bering near shore ice conditions by
means of satellite and aerial remote sensing,”

W. J. Stringer, University of Alaska. OCSEAP
resarch unit #257.
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"Operation of an Alaskan facility for application
of remote-sensing data to OCS studies," Albert E.
Belon, University of Alaska. OCSEAP research
unit #267.

In addition, William Stringer has carried out useful work on syn-
optic morphology and dynamics of shorefast ice in the Beaufort
Sea; and Gerd Wendler, also of the University of Alaska, has in-
vestigated causes of unusual sea-ice conditions in the Beaufort
Sea during summer 1975. fThis is particularly interesting as
Wendlex relates synoptic metcorolegical data to sea-ice condi-
ticns off the North Slope. If Wendler develops his work further,
to forecast movement of the edge of the pack ice during the sum-
mer open water season several days in advance, such a combined
use of meteorological and satellite data will be extremely useful
to industry when offshore exploration and construction operations
start in the Alaskan Beaufort Sea. The development and optimum
use of such a forecasting model will reguire the ability to read
future Landsat imagery in near real time. Additional uses of
satellite observations during Arctic offshore operations, for
instance for optimum routing of barge convoys, or when operating
dredges or other floating equipment beyond the barrier islands
during the summer open water season, are likely to remain limited
until more continuous satellite coverage is available on a real
time basis. The cost-effectiveness of providing such service,
compared with the present system of observations from spotter air-
craft, will require careful evaluation.

The two principal limitations of present satellite data for
my own requirements are lack of resolution and lack of winter
observations. It appears difficult to determine size and distri-
bution of floes smaller than 500 m across. More detail may not
be required in the Alaskan Beaufort Sea where movement and defor-
mations of solid sheet ice, pressure ridges, etc., present the
worst offshore design conditions. For the Bering Sea a distribu-
ticn analysis of the sizes down to 10 m will finally be needed
to establish limiting operating conditions at the edge of the
pack for floating exploration rigs, and to determine fixed off-
shore platform design criteria in areas of open pack ice. It is
also difficult to build up a complete picture of sea-ice condi-
tions with the present gap in Landsat imagery from early October
through early April due to darkness. Particularly in nearshore
Arctic areas, ice movement could be at a maximum during this
winter period. ILack of winter observations may also limit the
overall usefulness of sateliite imagery in some Bering Sea areas.

I hope the above explanations are helpful and explain in
greater detail some present industry uses of sea-ice data ob-
tained from satellite imagery. Such uses, both in the pre-lease



Dr. Swetnick ~6— November 10, 1976

sale phase and when projected into possible future operational
requirements, are perhaps most analogous to the established
engineering and meteorological need for synoptic weather charts.
Both give general situations over large areas; both are neces-
sary for a proper understanding and interpretation of local con-
ditions; both are obtained directly from broadly based environ-
mental data gathering programmes funded by the Federal Government.

My direct telephone line in San Francisco is (415) 445-9524,
I shall be happy to answer any further guestions you wmay have or
discuss items of particular interest in greater detail.
Yours sincerely,
(ol £ Ay
2
Cyril E. Arney
CEA/ep

cc: J. Barnes ERT
AOGA project #26 participants
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TRR/CKP
HEVORARDLUN
el ED/Deputy Aszociate Administrator for Applications
THRU: ERE/Deputy director, Xarth Cbservations Progranms

PROM: ER2/Dr. Charles 7, Paual

SUGJIECT: Lithium and the Significance of the Landsat-~Contributed
Discovery at Salar De Uwuni, rolivia

hsi (1) Lithiws Resources and Requirements by the
Year 2000, conference sponsored by the US
Geological Survey Lithiiwn EBExploration 3roun,
January 23=24, 1976, Zreen Conter Auditoriur,
Coloxado School of Hines, Goldun, Corlorado
{2} Carter, ¥W. D., fowalik, ¥, 5., and Breocksann, C.,
“Happinﬂ Andean Salar Derosits by Landsat Radiance
Vaines," paper presented at the XIX Plenary Heating
of COSPAR, Philadelphia, PA, June J«19, 1976
{3) Telephone conversaltions w1tP Doug Carter of USES

ITHCL: {1) Colored Processed Landsat Product
{2) Color Tabie for Landsat Proiuct
{3} nefilcctance Curves of Salar Classes
{4) Lithium -~ Haturets Lightest YMetal, US
Departnent of the Interior Geclogical Survey
I}P=75m27

Significance of Prospective Andean Salar Lithium Pipds

The most important present sources of lithiuvam are the
Tin=Spoduncne Belt, lorkh Carolina; Clavton Valley, Nevadajz
sikita Tinficlds, rhodesliay Preissac-Lacorne bistrict, Quaebec;
mernic Lake District, Manitoba; TSraat Salt Laka, Ukahy

Zalar De Atecama, Chile; and, Hanono-Iitotolo District, Zaire.
Janes Vine of the USGE, Denver, claims that in the future,

the best chance of finding nev depogits of lithium is in

ORIGINAL PAGE I8
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assceiation with non-marine salt bodies, Areas with borates
and nitrates (like Salar De Atacama, prasently being worked

by the multi=-national ¥oote Cc.} in non-marine basgins of
Tefitiary Age contain lithium in clastic rocks, voleanic ashes,
clays, and nagnesium-rich carbonate rocks. Once dissolved

in these materials, Lithium tends to remaln in solution in
residual brines, <ven after evaporative concentration and
procipitation of the salts of sodium, potassium, and magnesiunm,
Brines associated with these evaporative ninerals may contain
as much as 1,000 times more lithium than sea watern.

Lence, the present interest in the Central Andean Salars as
possibxle new sources of lithium, feorge Lricksen of the
USGS has begun to concentrate his lithlum exploration

efforts in the salars and nitrate deposits of northern

Cihdie, western ¥olivia, and northwest Argentina. 7o provide
you a perspective of lithium concentrations which ars ’
econonmical to mine, most nitrate ores generally contaln 20-=50
myg/liter of lithium, most Chile Andean salays contain 200 mg/l
lithiunr, and the farnous Salar De Atacama contains brine
naving up to 1,500 mg/l of lithium, Thus, for several years,
geologists have been eyeing the brines of the Salar De Uyuni
in Z2olivie., This Salar iz big, vehicle access is difficult,
and the nationalized mining interests in Bolivia have all
Jdiscouraged adequate exploration of Uyuni. The only active
mining presently ia the area is hand shoveling for salt

near Colchani, In the past, silver ores have been processed
at Uyuni, %The samples taken from Uyvuni as a result of the
Landsat analysis are startlingly revealing lithium concentra-
tions ranging from 600 to 2,300 wng/l.

The Landsat Contribution

In recent yvears, Bruce Smith and Don Mabey of the USCS in
Denver have been exploiting gravity and electrical survays
and goophysical, seisnic, and remote sensing techniques for
the exploration of lithiunm, Doug Carter made the major
breakthxough in directing ground surveys for lithiun in
Uyuni after Imags 100 analvsis of Landsat CCT's of the white
salt structures which generally saturate the Landsat imagas.
The results of the analymris is the Landsat processed scene
(Enclosure 1} and its color code table (Enclosure 2}, A
supervisaed cluster analysis of Landsat CCT's based on the
reflectance clasges (Enclosure 3) provided the reflectance
classes shown in Enclosure 1. Tl:ese classes, by the way,
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aave baan ahown o corraspond with nroviously narnped surface
units from anerial photography and correlative fiesld data from
Uyuni. Iandsat analysis wvas gencrally significant in breaking
out, for a large area, the water, salt brine, and dry salt
themes for Falar Do lUyuni. Doug Zeels that some of the

mora subtle coler differences (not classified in Fnclosure 1,
at existing in the Landsat digital data) may be Jue to
surface roughness characteristics caused by dry, salt beds
and thelr associated uniform liaear fracture patterns with
inlald salt ridges. The reqgional checkerhoard fractures

and ridges vary sufficiently to have been feclt by Doug ag his
Jround vehicle went from one fracture pattern to another,

Douqg and his crew visitel Salar De Uyuni in late April 1876,
Twenty=two samples wore talken at 10 ¥ intervals along a

138 km line westward fron the town of Celchani across the
Salar. The upper 19 c;m of salt surface wdegecollected at
each gite and two surfoce water samples were taken where
available, Chemiecal analysces of these sammles show very
nigh gonoentraticons of both lithium anl. potassiun, as
nantioned above for the Lithium concentrations. »7As a rasultg,
the Bolivian governnent announced the Zinding of lithiuem in
Salar e Uyuni on July 1¢, 1976. Doug is returning to

Uyuni with two of his geologisis this Scepterber to locate
wore brine deposits for ground sampline. He plans this

vear to coutlnue znalyzing Landsat scenes at various seasons
to identifyv salar brines in donressions where the wvater cover
varies from 0 to 70% {depending on the season). e hopesz to
find correlations bebwaen very subtle contrast differances on
the Landeat scenes and lithium concentraticns 1in tune brines,

Lithiom as s Togource

The United States oexports 24t of itz total lithiuvm production.
ile are the largest producer of lithium in the world, and

vie exceeded Rusaia in total production of this resource for
the last threc yzars. Only three US companies produce
primary lithiam products. The total US annual production
capacity is 5,000 tons of contained lithium, over 70% of

the world total of 6,%C0 tons.

Although olohal consuption is not expected to catel up with
sroduction of lithiwa for twenty vears, there are two fubture
tecnnologies which consune lithium at rates which concerm
geologiste and which will begin to seriously deplete glolal
lithiun resources by the turn of the century, These tech-
nologies are the lithium—alunminum/ireon sulfide battery and
the fusion power reactor. ’
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Lithium batteries are presently under development at the
Argonne National Laboratory. Their application for the
clectric utility incustry 1s off peake~load clectrical storage,
and for the private conswaer the electric vehicle, Tihe
battery is expected tn come inte cormercial use arouna 1085,
¥y the year 2,000, 30% of US electric consumption is expected
t0o be surnplied by off peak energy storage batteries,

Lighteen million electric wehicles are projected so that

by the year 2,000, the lithiun demand will catech up to the
present egtimate of roserves,

The fusion reactor erploys a rceaction between deuterium and
tritium, Deuterium is obtained in large quantities from
watery tritium, however, is not an abundant isotope of
hydreogen, Thus, tritiuvm i3 produced by fusion neutrons
bombarding litaiws, The first demonstxation of the fusion
reactor is planned for 1997-1398, commercial production is
planned for 2007-2382,

If these two technologies develop as planned, the importance
of discoverine new lithiun sources cannot be overstated and
the capabkillity of Landsat to locate brines in salt flats
indicative of high concentrations of lithiun has been
demonstrated in the Salar Do Ayuni., IS the USGS can quanti-
tatively make positive corrclatlons between Landsat spectral
differences and 1ithium concentrationsg in brines, they will
have nmade a fundanmental contribution ko new future energy
gource identificatlor and a sigquificant verification of
satellite remote mensing capability to locake these sources,

.
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GOVERNGRAYTES . F-YOUR LofY LR aRD o merey

According to a sorentitilae ayrecient for gooeratlon

Letween the @gyptian ACaderiy oF Soientltic Research and

Technology and the U.s. Hational Scicace Foundation and

dational Aeronautics and Space Almlulbtratlun (N $a), the

satellite images Froin iasSa LﬂNDOJT ware us Ld to makc it

possible for Egypt 1o dis SCOvVel New areas. of 1ron~ore deposirts

at the Western Desert 4l0uq the ile Vall;y. The areas dis-

covered are in the provinces of Fayoum, Brny SWLLf and NLHYd,

2l a distance of about 100 Im Erom the Nlie Valley.

These deposits will assure large quantities o: ore wvitally
needed for the planned cpansicn of iron and steel production
1n Bgypt,especrally that thewe new deposits are the closest ever
to be located to the Tron and steel factory complex in Helwan.

The techn:queJ ug Ld represent some of the most advanced

tgghgql@g;g&}_ggy%lomeQgﬂmEhtrL_imggeb,gdthered by modern

electronic technigues fuum patellites and aircrafts were used.

Remote bhnsnng Froject birecror, Dr. Abdel-Hady, and Dr.

Bl-Shazly, Director of rhg guoloqlpdl group in the project and
Director of tue yeoloyy, bepl. of tne Atomic Energy Establishment
both emphasizerd the sigaiticauce o the discovery on the Future
development of tie tThoce govoenorates of £1 Fayoum, Beni Swelf and
Menya, in which toeue deposiis aae Located.
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LANDSAT  IMAGERY
BY BECHTEL, INC
{WORLDWIDE)



USE OF LANDSAT IMAGERY BY BECHTEL, INC. FOR ENGINEERING GEOLOGY

Introduction

The Geology group of Bechtel has routinely used aerial photography

in our field investigations since the group started. We began using
satellite imagery as soon as it was made available to the public,

and in 1973, our usage increased to the point where it became necessary
to set up a standing account with EROS Data Center. Since January,
1974, we have ordered $3,000 worth of imagery through our standing
account. We order a varjety of products from ER0OS, but the following

discussion deals only with our usage of ERTS-LANDSAT imagery.

Applications

Bechtel's Geology staff provides geological services to the Bechtel

Group of Companies both in the U.S. and worldwide. We perform
‘engineering geology investigations for a variety of construction
projects, including nuclear and fossil fuel power plants, dams and hydro-
electric projects, highways, pipelines, industrial complexes, airports,

telecommunications projects, mining facilities, etc.

Depending on the type of project, the geographic area involved ranges

from a few acres to hundreds of square-miles. Often, it takes only

one LANDSAT scene to cover a project-area and at other times (particularly

with pipeline or highway routes) the Fir'oject may require as many as fifty.
Since the beginning of 1975, our project work has shifted emphasis from

domestic areas to foreign countries. This means that LANDSAT imagery has

IV-C



become even more vital to us, since LANDSAT imagery is often the only

type of imagery readily available for a foreign area.

We still rely on visual interpretation of our satellite imagery. We
feel that automated enhancement and classification programs are not
yet cost effective for our geological project work. Remote sensing
investigations are just one tool that we use in our engineering geology
investigations, and there isn't justification to spend the money or

time required by these programs, for just one phase of our work.

We use LANDSAT imagery in three different ways: for presentation
purposes, for derivation of data from the images, and for reconnaissance

work.

LANDSAT imagery is used often for client presentations and project
meetings. It seems to impress people and has an immediate impact.
Mosaics are often constructed (for a multi-image area) and sites are
labeled on it. It is very useful for orienting people, and in pointing

out geomorphological features.

When projects require it, we do 1ineament studies of LANDSAT imagery,
that is, we use the imagery to derive geological data. Lineaments
are objectively located on the imagery, then are compared with topo-
graphic, geologic, structural and hydrogeologic maps to check for
correlations with various features. Those lineaments representing

cultural features are eliminated, and the remaining Tineaments are usually



related to geo1ogicé1 features in some way. Lineaments can sometimes
be the surface manifestation of faults, so suspicious lineaments are
field checked whenever possible. Lineament studies are most useful to

us in analyzing the geologic structure of an area.

We also use LANDSAT dimagery for reconnaissance geologic work. Examining
LANDSAT imagery in the preliminary stages of a project can he1p.to
narrow down the field reconnaissance to specific areas, and so saves
field time. It helps us in locating large outcrops (on a regional
basis) or at Teast open terrain. Areas of lineament intersections may

indicate specific problem areas to be investigated.

Product Statistics

The .attached table shows the types of products we have ordered since

1974,

The 1:500,000 is the most workable scale and is most often used for
Tineament studies. We also use the 1:1,000,000 scale heavily, but this

is usually when we are working with a mosaic of many LANDSAT images.

Af first we routinely ordered one scene in each band, but we've found
over a period of time that bands 4 and 6 were not really that helpful

to us, and so we currently order bands 5 and 7 only. OQOur use of color
has increased, largely due to the increased use of LANDSAT for presenta-

tion purposes. For derivation of data and geological comparisons,



b and w bands 5 and 7 are slightly more useful.

The table also shows the total spent each year on imagery. In the
first half of this year, we have already spent an amount nearly equal
to annual expenditures of the previous year. We are ordering more

jmagery and we anticipate this trend to continue.

Limitations of Data

Unfortunately, LANDSAT imagery cannot be used in direct geological
mapping. No direct correlation can be made between geological formations
and tonal signatures on the imagery. Geological features express them-
selves in a wide range of the electromagnetic spectrum, including the
thermal infrared and radar bands. The current 0.5 - 1.1/A.m doesn't
yield much direct geological information; it is more suited to

agriculture-forestry applications.
The resolution of LANDSAT also creates problems for geologists. We
can only use LANDSAT for regional studies; the 60 km resolution prevents

us from using it for site-specific geological investigations.

The Tack of stereo creates problems in identifying terrain features,

and in Tocating Tinear features.

Our Future Needs

In terms of available coverage, the quantity and quality of coverage

of foreign areas needs to be increased. Our future work will require



more extensive studies of foreign areas.

Also, if turnaround time from ERQOS Data Center could be improved,
it would facilitate more efficient use of imagery, and would better

meet the demands of our often hectic work schedule.

Suggested Improvements

Exﬁansion of the spectral sensitivity to include a thermal infrared
and radar band would increase geologic applications. Also, increased
resolution in these and existing bands would enable us to use imagery
in more site-specific investigations. Addition of stereo would make

it much easier to use LANDSAT for geologic purposes.



TABLE I

1974 1975 1976 to date
Total Purchased $1044.00 $995.00 $845.00
# SCENES # SCENES # SCENES

SCALES
1:250,000 2 5 3
1:500,000 61 26 20
1:1,000,000 3 80 T6
1:3,369,000 0 20 0
BANDS

4 0 5 0

5 16 38 13

6 13 31 1

7 36 37 10

Color 6 20 17
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Dear Mr. Frutkin,

as an entity participating in the Landsat programme
we had opportunities in the past to discuss with you the future of
the Landsat programme and the importance of providing the community
of users with a continous flow of satellite data.

The extensive life of Landsat 1 and Z and the advan
ced progress on Landsat C are certainly very encouraging developments
as they provide a more solid background than originally expected to
our effort in the earth segment of this experimental programme.

In our current planning we regard Landsat C as a com
pletion of the experimental phase when the satellite data have pro -
ved to be professional tools and moreover models and algorithms have
been developed for interaction with other sources of data and for fi-
nal information extraction.

Then Landsat D, now envisaged for the first half of
1981, with a higher resolution and an advanced thematic mapper , can
regarded as the first truly operational satellite. Consequently also
the work done in the previous phase will have to be up-graded to
reach an operational level and quality, thus completing the effort of
all involved.

This scheme is particularly applicable to the management
of the renewable resources and mainly to agricolture where the gene-
ral attention has already focused.

I thought of sharing these thoughts with you about the
continuing interest we are placing on Landsat D programme and to confirm
how much we would appreciate it to be kept abreast with any new deve-
lopment in the technical and economic definition of it.

I will be glad to enlarge on this subject at the next
suitable occasion either in Washington or over here.

Cordially yours,

o e ————————

e~ T ~ ——
' /’E:.u-l ’Mz Rt R :v%

(Piétro MaSarati)

Mr. A. Frutkin
Assistant Administrator

for International Affairs
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July 19, 1976

Mr. J. Zirme:man
Deputy Director
International Affairs Deparumoent
natlional Acronsmutics and
Space Administration (NASA)
Washington D.C. 2056 ORIGINAL PAGE IS

POOR QUALITY

With the recent publication of the LADSAT Index Atlag of tha fevelondr
Countiies of the VWorld, which I & attaching .l thoupht I would also bring you
up=to~gate on some of the major World Bank activities involving Landset dain.,  %he
Atlas was published by the two Divisions in tho Bank, tho Cartopraphic Division of
the Aciinistrative Servi ces Department and the Ecornomic and iesources Divislon of
the Agriculture and Rural Development Department which are now utllizing FALA's
inazery on a daily dasis. It will be translated into French, Spanicl, Aratde amd

3 widely distributed overseas to facilitate the user in ordering tapes or Lnedory
a...d to help make the developing countries more avare of existing coverr:o. Althourh
500 copies wore printed only a week ago requests for more ithan that anounk bhave
r,-lready been received and a second printing has been ordered. Incldenlally, a lorpo
portion of the demand orginates from the U.S. Government or international Agencicg.

In addition to the index atlas the final draft manuscript copy of ne lisies
£ Rerzmote Sensing Systens in Developing Proiecis, o manual, funded by the Dircctor':

Office, has been cox npleted and should be ready for puhl;cat:.on and distribution wi l,h-
in the next far months.

Yore specifically, ILANDSAT information has becn used eztensively in aprice
ultural projects. To cite one vase, that of the State of Orissa, Tndia, a land upn
map was made by processing computer iapes of thirteen landgat scencs ol the woel

crasen (Hovember 1975) just prior to the harvest of the mzin rice ¢ropa. ihin
imacery was then campared to the dry season coverage talien preaviously :u:rl monpuaraoaents
were wade’ of paddy acreage wider cultivoijon for eomparison to aprienltural sistiztics

for the rezion. The investigstions are directly related tn the Danic's Ecatern itepion
Food Crain Project and resalts of the analysis will have a dircct bearin; on the
tmphacis given to convert specific sinzle cropping areas in the State to double
cropping as woll as to assist in the development of a better woator manigcment prograom
for irrigation systems in the delta of the Mahanadi River.

Tt might be of interest to note that since completion of the land uun
investigations in Orissa, a request has been made by tho State to do Tedie enhnrcere nt!
ocessing for geologic and hydrologic investipations (also pald for out of naliounl

.unds) waich complement the computer categorization done previously for land uge.
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(A similar request has also been made that the UnLDP/Bank project in Purma be
exparnded to include such other sectors along with the scheduled land uge classification.

The cost and Lime required to make the Orisca land use map was approxinntely
L man-months - including groandtruthing operations. In Banpladesh a similar land e
map prepared by the FAO took approximately 330 man-yecars for an twrea or nlmogst
idenvical size. While the time difference io make the land use map 1s mogt romariontle
1% chould be noted that the eleven year FiO-Honmladesh Land Ues Mapping project nleo
provided additional detoiled goils and land eapability data which is not possible
through landsat imagery analysis. However,in the case of Bangladesh which hnd soil/
land use maps available for comparison, the land use information was actunlly much
more detailed and up-to-~date on the sample arca done than wng the FAO map datn.
Trnus, it becomes evident that not all types of data can be obtninod from Lnndnnt,,
but some information can readily be obtained in a fraction of the time or conin of
doing pure terrestrial survey operations backed by large-scale aerial photo cuverngo.
Before lonz the final rendition of the Orissa wet and dry scason imagery chould be
available and a copy of the mosaic will be sent to you along with information on
the crop: statistics on a District by District basis.

Staff from several Ministrics and the iational Remote Sensing Agency wore
wnvolved in doing the land use mapping and field sarvoys. Preliminary zesults of
Jne swudy indicate that the potentials of the landsat systan have hardly boepgun to be
utilized in development operations.

phe

. As a result of the above, India has begun to give serious thoupnt io
investment in equipment and processing facilities in this field. The Bank lo also
considering supporting an Iadian request for the runding of a receiving /proceosing
station.

With all of these positive developments come a few problems you should be
aware oft Few countries indeed have undertaken tape enalysis or have attonpled to
tie in imagery to ground surveys. The USALD as well as international arcncies such
as the Eank should stress the applications and cost gaving aspects far rore than
they have in the past. To train national staff in sophisticated processing in the
%.S. before they have even attempted to enalyzo cxisting imagery or tapr. ia dhe Fyeid
is lsrgely a waste of funds. The ttrainees! that prove themselves in fiold operatitun
today should be the ones selected for more sophisticated training the the U.G.
tomorrow and service contracts for processing of imagery by conmercial fivmn wilh
M1l expertise in this highly technical field is fully warranted and can £i11 the
gap at this time until the equipment and stafi overseas becomes oprrational, FHuilment
cost for the hardware and program cost of software, arc being morified radicanlly nnd
are being reduced in price on almost a monthly basis as this rapidly changlng

technology advances.

While the India experience has provided the Bank with an excnllent pilot cro
af the utility of Landsat imagery we are now expanding operationg of this sorl lo
.nclude 15 scenes to be tape processed in Brama and 10 in Zaire at precent and obthoers
are scheduled to be done for the Philippines, Thailand, Kenya, Tanzania in the newt
future. As these projects unfold I will kecp you briafed but I did wiab to take Lhisn
opportunity to bring you up-to-dabe on the publication of the indox atlas, the marunk

asnd the status of the Orissa Project.



