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PREFACE

In November 1973, the National Aeronautics and Space Administration
(NASA) asked the National Academy of Engineering® to conduct a summer study
of future applications of space systems, with particular emphasis on practical
approaches, taking into consideration sociceconomic benefits. NASA asked that
the study also consider how these applications would influence or be influenced
by the Space Shuttle System, the principal space transportation system of the
1980's. In December 1973, the Academy agreed to perform the study and assigned
the task to the Space Applicatiomns Board (SAB).

In the summers of 1967 and 1968, the National Academy of Sciences had
convened a group of eminent scientists and engineers to determine what research
and development was necessary to permit the exploitation of useful applications
of earth-oriented satellites. The SAB concluded that since the NAS study,
operational weather and communications satellites and the successful first
year of use of the experimental Earth Resources Technology Satellite had demon-
strated conclusively a technological capability that could form a foundation
for expanding the useful applications of space-derived information and services,
and that it was now necessary to obtain, from a broad cross-section of potential
users, new ideas and needs that might gul ° the development of future space
systems for practical applications.

After discussions with NASA and other interested federal =acencies,
it was agreed that a major aim of the '"summer study' should be to avolve,
and to attempt to understand the needs of, resource managers and o .er decision-
makers who had as yet only considered space systems as experimental rather
than as vseful elements of major day-to-day cperational information and service
systems. Under the general direction of the SAB, then, a representative group
of users and potential users conducted an intensive two-week study to define
user needs that might be met by information or services derived from earth-
orbiting satellites. This work was done in July 1974 at Snowmass, Colorado.

For the study, nine user-oriented panels were formed, comprised of present
or potential public and private users, imcluding bu51nessmen state and local
government officials, resource managers, and other dec151on-makers. A number

*Effective July 1, 1974, the National Academy of Sciences and the National
Academy of Engineering reorganized the National Research Council into eight
assemblies and commissions. All National Academy of Engineering program units,
including the SAB, became the Assembly of Engineering.
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of scientists and technologists also participated, functioning essentially

as expert consultants. The assignment made to the panels included reviewing
progress in space applications since the NAS study of 1968* and defining user
needs potsntially capable of being met by space-system applications. User
specialists, drawn from federal, state, and local governments and from business
and industry, were impaneled in the following fields:

Panel 1: Weather and Climate

Panel 2: Uses of Communications

Panel 3: Land Use Planning

Panel 4: Agriculture, Forest, and Range
Panel 5: Inland Water Resources

Panel 6: Extractable Resources

Panel 7: Environmental Quality

Panel 8: Marine and Maritime Uses

Panel 9: Materials Processing in Space

In addition, to study the socioeconomic benefits, the influence of tech-
nology, and the interface with space transportation systems, the following
panels (termed interactive panels) were convened:

Panel 10: Institutional Arrangements

Panel 1l1: Costs and Benefits

Panel 12: OSpace Transportation

Panel 13: Information Services and Information Processing
Panel 14: Technology

As a basis for their deliberations, the latter groups used needs expressed
by the user panels. A substantial amount of interaction with the user panels
was designed into the study plan and was found to be both desirable and neces-
sary.

The major part of the study was accomplished by the panels. The function
of the SAB was to review the work of the panels, to evaluvate their findings,
and to derive from their work an integrated set of major conclusions und recom-
mendations. The Board's findings, which include certain significant recommen-
dations from the panel reports, as well as more general ones arrived at by
considering the work of the study as a whole, are contained in a repoxrt pre-
pared by the Board.**

1t should be emphasized that the study was not designed to make detailed
assessments of all of the factors which should be considered in establishing
priorities. In some cases, for example, options other than space systems for
accomplishing the same objectives may need to be assessed; requirements for

*National Research Council., Useful Applications of Earth~Oriented Satellites,
Report of the Centrdl Review Commitiee. WNational Academy of Sciences,
Washington, D.C., 1969,

*%Space Applications Board, National Research Council. Practical Applications
of Space Systems, National Academy of Sciences, Washington, D.C., 1875,
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institutional or orxganizational support may need to be appraised; multiple
uses of systems may need to be evaluated to achieve the most efficient and
economic returns. In some cases, analyses of costs and benefits will be
needed. In this connection, specific cost-benefit studies were not conducted
as a part of the two-week study. Recommendations for certain such analyses,
however, appear in the Board's report, together with recommendations designed
to provide an improved basis upon which to make cost-benefit assessments.

In sum, the study was designed to provide an opportunity for knowledgeable
and experienced users, expert in their fields, to express their needs for
information or services which might (or might not} be met by space systems,
and to relate the present and potential capabilities of space systems to their
needs. The study did not attempt to examine in detail the scientific, techni-
cal, or economic bases for the needs expressed by the users.

The SAB was impressed by the quality of the panels' work and has asked
that their reports be made available as supporting documents for the Board's
report. While the Board is in general accord with the panel reports, it does
not necessarily endorse them in every detail.

The conclusions and recommendations of this panel report should be con-
sidered within the context of the report prepared by the Space Applications
Board. The views presented in the panel report represent the general consensus
of the panel. Some individual members of the panel may not agree with every
conclusion or recommendation contained in the report.
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INTRODUCTION

SCOPE

The Panel on Agriculture, Forest, and Range has developed a conceptual
plan for a satellite remote-sensing global information system which might be
achieved within the 1985-90 period. It is envisioned that this system will
have the capability to provide timely and pertinent data to any user, anywhere
in the world, who has need of information about present and potential agricul-
tural lands, cultivated crops, forests, and rangelands. Particular attention
is given to the type of valuable 1nformat10n about vegétative, land, and water
resources that can be derived from this system on a local to a global scale.

APPROACH

The first task of the Panel was to review the recommendations made by the
Forestry-Agriculture-Geography Panel of the 1967-68 summer study on space appli-
cations.* The Panel then examined the progress which has been made since 1968
in the application of aerospace sensing to agrlculture, forestry, and range
management and research. Special attention was given to the accomplishments and
deficiencies of the ERTS experiments. (ERTS has since been renamed LANDSAT.)

The Panel developed a basic (but not exhaustive) array of possible applica-
tions of remote-sensing systems to agriculture, forest, and range and defined
potential bencfits to be derived from the technology. The next step was the con-
ceptualizatio:. of a remote-sensing global information system with the capability
of servicing agriculture, forest, and range on a local to a global scale with
timely, usable, and frequently updated information about vegetative, land, and :
water resources. ' i

Finally, the Panel developed a logical sequence of events which must occur
and/or requirements which must be fulfilled if the goal of a remote-sensing global
information system is to be achieved. These events and requirements include:
(1) a continuous flow »f satellite data, (2) a2 continuing research and development

*National Research Council. Useful Applications of Earih-Oriented Sateliites: i
Report on Forestry-Agrieuliurve-Geography, (Panel 1}. National Academy of
Sciences, Washington, D.C., 1969. _ !
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program £or remote-sens:mg systems, (5) a quasi- operatmnal pilot study ona .
" global scale; (4) educational: and -training programs to assure effective: technol- .
‘0gy transfer to the user community, (5) -essential basic and applied research,
(6) workable institutional arrangements, and (7) adequate funding.
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PROGRESS SINCE THE 1967-68 STUDY

RECOMMENDATIONS OF THE 1967-68 STUDY PANEL

The Forestry—Agrlculture-Geography Panel in 1967-68 recognlzed the fea51b11-y.'
ity and need for utilizing space technology to collect earth ‘resources data by '

remote sensxng for

"Inventory and product1v1ty evaluation of the world's food
fiber and other natural resources. :

"Assessment of enV1ronmental condltlons and of man- enVLronment
intexactions." R

It recommended a program that would

"PIOV1de the earllest 90551b1e benefits, by 1n1t1at1ng opera— .

tions in- appropriate aircraft and spacecraft with state-of-the-
. art sensors; to deliver earth-resources data to skilled inter-
o preters and analysts in ex1st1ng organlzatlons,

- "Provide optimum long-term beneflts, by 1n1tlat1ng'appropr1ate
RGD programs to improve the ability and capability .o obtain
- and 1nterpret greater quantltles ‘and better qualities of data'

"Accompllsh the steps ahOVe at an acceptable budgetary 1eve1
and w1th1n a reasonable tlme frame o

1t further recommended

. .that plannlng, with approPrlate check—p01nts, be 1n1t1ated
“for the evolution of that early [satellite-aircraft] system to

a substantlally broader system, using more sophisticated sensors,

over a period <f the next 10-12 years. Responsibility for the

#Forestry-Agriculture-Geography Panel Repors (1969), p. 5.
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plannlng and coordination is a critical element of this pro-
gram; the résponsibility should be assigned early and shou]d
be clearly defined."

The 1967-68 Panel recognized that

"The broad field of sarth resources offers a rich potential
for new understanding through--and uses for--the appllcatlon
of. remote—sen51ng and data-handling techniques.. Research in
these areas is essentidl to ediucation and tralnlng, and o “thie
development of future systems,"

- It recommended

..szgnlflcant expansion of the present broad-scope. tesearch
program "oE

THE ERTS PROGRAM

The results of the federal research and development programs instituted and
carried forward since 1968 have confirmed the soundness and far51ghtedness of the
recommendations contained in the 1967-68 study report:

. . An Barth Resources Technology Satellite (ERTS-1) was de51gned and launched
in July 1972. The sensor system was more advanced than that suggested by the -
1967-68 study panel .in that a multi-spectral scanner .(MSS) -and a data COlleutan
system {DCS) were pIOVlded in addition to the return beam- vidicon sensor. (RBV).

. The MSS and the DCS have operated,successfully. Electirical power problems have
plagued the RBV system; as a result, the main products of the -observational
_systems have been the multi-spectral dlgltal tapes. and. the reconstituted black

and white and color images made from them. The RBV may be used-if the MSS fails, =

To evaluate these products, NASA and- other agencies and institutions funded
about 300 domestic and foreign research investigators. Computer-compatible tapes
- and images were made available to investigators.and others through a.NASA data
center at Goddard Space Flight Center and through a USDI data center at Sioux
Falls, South Dakotd. - Othexr- dlstrlbutlon ‘centers were recently established
~ +*hrough the USDA at Salt Lake Clty, Utah and through the Department of Commerce

‘at’ Suitland; Maryland :

A review of the research reports ‘of these ;nvestlgators has 1ed.us to con-
clude that experiments to accompllsh many tasks important to the management of
~agricultural, forest, and range resources have been unusually'successful :
'meortant experlmental successes 1nclude Ll

Identlf;catlon of crops and of broad types of forest -and range-f
land vegetatlon, :

——

V *Forestry-AgrzculturemGeagraphy PaneZ Report (1969) p. By




Identification of broad soil and 1and—use patterns in agrlcultural
areas,

Experimental detection on a limited scale of severe crop and forest
damage due to stress (insects, diseases, drought flood, and fire), -

Estlmatlon for small test plots of wheat acreage, yield, and pro-
duction by use of satellite data and a yield model 1ncorpovat1ng
meteorological data,

IMonitorlng-progress of crop harvests in small trlaloareas,._--

Identlolcatlon of vegetative biomass in rangelands permlttlng
evaluatlon of range conditions,

Determlnatlon of 1rr1gated-screages, and

Monitoring irrigation Teservoirs and,11ve—stock water
impoundments. . : : . :

The great majority of the investigators were not equipped originally for
computer. analysis of the BERTS digital tapes. Many of the tasks were experi-
mentally performed by manual 1nterpretatlon of the reéconstituted images. As.
experience was gained with data processing, computer—a551sted statistical analysis
of the digital tapes has emerged as the preferred method for extracting maximum
quantitative information from the multi-spectral scenner tapes. Also, computer-
assisted d1g1ta1 analysis has permltted the wegistration of grounduresolutlon
mmits [4500 m ) recorded in successive passes. of the satellite so that temporal
changes in the scene can be used to aid in the 1dent1f1catlon task.

s In many of the ERTS research projects, supplemental data were collected
by field work on the ground and by low-altitude or high-altitude aerial photo-
graphy, Both large-scale and small-scale aerial photography have proven highly
useful and are likely to continue. However, advances in data products from
future satellites of. the ERTS-type may be expected .to diminish the need for

use of high-altitude (20 km to 30 ka) photography to supplement satellite data
in the analyses of U.S. production areas. It appears that lowwaltltude aerial
photography and cbservations will continue to be needed to aid in the interpre-
tation of satellite data. Low-altitude asrial photography is usually. avallable
loecally in the United States. The 1967 68 study suggested the need for.a

federally sponsored aircraft remote~sen51ng system to supplement satellite systems.

Until satellite sensor resolution is improved, the need continues, especially in
" arveas. of the world where commercial. aegrial photography .services are unavailable,
" Viewed as a vesearch and development effort the ERTS progran has been
emlnently successfal. The Congress, NASA, the Department of the,Interlor, the

Department. of’Agrlculture, and. the Department of Commerce, and all other agencies,

'"1nst1tutlons, and private oompanles who have. S0 dlllgently cooperated Afe “this =~

,_program_deserve our appreciation,

The ERTS program rivals the Apollo program in its 1mpact on SOCLetY’S view
of the finiteness of the earthfs. resources and the fragility of its ecosystems.
‘It ‘also- offers “to society hoPe of :a basms fO1 gatherxng suffiC1ent and contlnuous



information, without political bias, on the status of food resources and environ-
mental conditions and thus for permitting intelligent management of a constantly
changing support base for mankind.

RESEARCH PROGRESS

The 1967-68 study panel pointed out the need for an expanded program of
applied research in hardware engineering and in applications and systems develop-
ment to assure a proposed System for Earth-Resources Information (SERI). It
recommended expansion of basic research in what was termed the sensor-signature
area defined as specifically needing "...reputable data for, and exploration of,
variations in emission and reflectance properties of biclogical and physical
materiais," ¥
The development and successful performance of ERTS, the research funded i
by NASA to prove its capabilities, and the development of a research program to i
inventory crops on a global scale and thus to demonstrate a large-scale applica- :
tion, are excellent examples of commendable performances in carrying out the !
applications and hardware research recommended by the 1967-68 study panel. !
We have not found satisfactory performance, however, in research advances §
in systems analysis and design of the proposed pregram nor in the area of basic :
research on spectral properties of natural materials. Subjects for research in
the former area include work on crop and natural vegatation geography, and on
design of the proposed System for Earth-Resources Information. Basic research
is needed on spectral properties of major and minor economic crops, major types
of natural vegetation, soils, rock types, water, and the variations of these
encountered on the earth.
Here again, the shortfall in research products is probably due to the
failure of federal agencies to invest sufficient funds in the earth resources

program and their failure to assign responsibility for the development of an
operational system.

FUNDING LEVEL OF EARTH OBSERVATION PROGRAMS

The successes of ERTS research programs have heightened interest in the
use of this new satellite technology on the part of state and regional agencies
and private industries with resource management responsibilities. However, as
anticipated by the 1967-68 study panel, there is a severe scarcity of digital-
data analysis facilities and trained personnel to help users explore applications
of the full satellite technology. To relieve this and other constraints, the
1967-58 study panel recommended a higher level of funding than has yet been
achieved ir the federal program, the early institution of an operational system,
and the formation or designation of an agency responsible for budgetary planning
and execution.

The early success of the satellite meteorological program is due in large
part to the development of an operational group (NOAA) within a single government

*Porestry-Agriculture-Geography Panel Report (1869), p. 33.
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agency (the Department of Commerce) with responsibilities for budgetary planning
and management. Organization of a comparable earth resources satellite program
is much more complex in that many agencies of the federal government are already
involved in menaging and regulating the nation's natural and cultural resources.
We realize that it is only in the last 18 months that ERTS capabilities

have been experimentally proven. However, we believe that the absence of budget-
ary and planning responsibilities for an operational satellite is already reterd-
ing progress in the evelution of the remote sensing information system envisioned
by the 1967-68 study. For example, delays have been experienced in

Development of digital-data analysis centers for ERTS
compatible tapes in individual states and regions,

Training of state, federal, and industry personnel at existing or
developing digital-data analysis centers,

Investment by state and federal regional agencies in processing
and handling systems for ERTS.

The flow of information developed from ERTS data to farmers through
government extension services and through private advisory groups.

State agencies, federal regional agencies, and private enterprises, all with
land, food, and/or fiber missions, are not willing to invest in an experimental
research system based on satellite data because there is no guarantee of continu-
ity of data flow nor of format of data products. ERTS-1 has survived for a
much longer period than its one-year design lifetime. Although ERTS-1 is
still useful, its performance has degraded significantly in the several years
since it was launched. ERTS-2 was launched in 1975 and is currently in experi-
mental use. ERTS-C is planned for launch within the next several years.

Beyond these important experimental satellites, there is as yet no plan for an
operational system which should have back-up satellites either in orbit or in
readiness for launch.

The present RED earth resources satellite program does not provide federal
funding for development of the digital-data analysis centers needed for training
state, federal regional, and agricultural industry personnel, nor does it provide
seed money for training. In an operational program the transfer of technology to
potential users would be expected to receive very high priority in order to
attract investments from state and industry sources and thus to hasten the evolu-
tion of a fully operational system.



ELABORATION OF APPLICATIONS AND BENEFITS

APPLICATIONS BASED ON USER NEEDS AND REQUIREMENTS

Needs for agricultural products and forest and range resources to satisfy a
srowing population generally have been met throughout history by development of
new lands and technological advances. To keep up with world population growth
and expanding demands, mankind will have to depend on continued technological
progress and further development of land resources.

Earth-oriented satellites offer an opportunity to provide potential users
with informative and useful data and facts concerning world agriculture, forest
and range resources. To utilize this information appropriately, the user must
have assurance of continuity and reliability of that data. Future research and
systems development should provide capabilities for more frequent coverage,
increased resolution, and better sensor signature identification to assure maxi-
mum user participation.

The user community may be divided into categories., Each, in some direct or
indirect way, can benefit from satellite-based information. Broadly defined,
the users are: (1) federal, state, and local govermment agencies in the United
States, (2) foreign governments, (3) international organizations, (4) universi-
ties, and (5) the private sector (the industrial community, trade associatioms,
and individuals). As applications of earth-oriented satellites develop, many
additional users will emerge and further needs will certainly evolve.

User needs of the 1975-80 time period are studied for two reasons: (1) By
the late 1970's ERTS operational satellite performance evaluation will be avail-
able and (2) there is great need for guiding research and development during this
time period so that agriculture can achieve maximum operational benefits during
the 1980's and beyond.

Applications of data derived from earth-oriented satellites are discussed
in categories related to cultivated crops, to land and water resources, to forest
and range resources, and to other agriculturally oriented areas.

Cultivated Crops
Satellite data on cultivated crops may provide information about

Crop identification and mensuration,

9
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Yield prediction,

Crop stresses due to disease, insect infestation, moisture
deficiency or surplus, nutrient deficiencies, and weeds,

- Natural (flood, hail, frost, wind, and fire) and man-induced
(herbicide, misuse, etc.) disasters,

Cropland history record (individual fields), and
Crop progress (planting to harvest).

The United States currently has information systems that provide timely
agricultural facts. However, systems of this type have not been developed in
much of the rest of the world. Today, countries have crop-data systems capabil-
ilities that range from sophisticated to none., Satellite observations provide
a crop inventory on a uniform global basis. The data gathered by earth-
oriented satellites can provide broader coverage and be available more guickly
than data now obtained through other means.

A program of crop-yield prediction would combine many factors such as crop
stresses, soil moisture, soil temperature, crop progress, and others. Crop
stress observations will provide the world's users with frequent advance warnings
of unfavorable conditions. Early assessment of crop disasters can offer an
opportunity to take corrective action,

Today ground crop progress assessment normally takes weeks. Crop progress
can be monitored by an earth-oriented satellite to provide to the world a report
comparable to the United States weekly weather-crop report. This program will
monitor land preparation, the speed at which the crops are planted, development
during the season, and finally havvest progress.

Land Resources

Satellite data may be applied to land resources in
Inventory of agricultural land-use,
Surveys of land-use capability,
Soil productivity ratings (vegetative cover),
Scil mapping,
Identification of special soil problems {e.g., salinity),
Soil~erosion (wind and water) studies,
Soil-moisture measurements,
Identification and measurement of wetlands, and

Determination of landform characteristics,

10



With the increasing scarcity of new land available for agricultural pur-
poses, the world must use the land resources that are available much more effi-
ciently. An inventory of agricultural and wild land characteristics is needed to
ascertain what land resources are currently availsble in the world. This would
set the stage for land use capability surveys and productivity ratings., Many
areas (in particular remote wild land regions) lack soil mapping and this can be
done satisfactorily by satellite. Special soil problems resulting from irrigating
or cultivating lands can be studied. Soil erosion has a major impact on agricul-
ture as was experienced in the "Dustbowl" of the 1930's. Erosion also is experi-
enced when heavy rains occur. Soil moisture and temperature can have major
effects on crop yield. Inventory and characterization of agricultural wetlands
will prove beneficial as availsble lands decrease. Knowledge of landform and
soil characteristics will enable better management decisions to be made on wild
lands and on cultivated lands by providing accurate 1nfo*mat10n concerning site
potential for production and use.

Water Resources
Satellite data may be applied to water resources in

Inventories of surface and ground water, -
Predicting water available from snowpack and runoff,
Monitoring irrigation,
Identification of potential irrigable areas,
Identification of drainage patterns,
Evaluation of water-conservation practices, and
Monitoring water pollution.

These applications play a primary role in the management of areas that
depend on irrigation or in climatic regions that receive heavy amounts of rain-
fall and have drainage problems. Water pollution as it relates to soil erosion
and to agricultural operations requirves monitoring. Prediction of water rumoff
from mountainous snowpack zones would generate significant bemefits to both wild
land managers and the ultimate water user.

Forest Management
Potential applications of satellite data in forest management include

Inventories of forest types,

Inventories of timber volumes by species and by size,

11



Monitoring harvest activities,

Monitoring responses to silvicultural practices,
Inventories of logging residues,

Identification and monitoring of clear-cut areas,

Bvaluation of forest stresses from insects, diseases, air
pollution, and wind throw, and

Prediction and detection of forest-fire damage.

The forest information system currently operational within the United States
provides, from a number of sources, basic data pertinent to timber inventories
and forest site characteristics., These data are expensive to collect and, in
some cases, exhibit major deficiencies in accuracy. On a global basis these data
problems expand since many nations have few, if any, forest-related data banks.
The developing nations of Latin America, Africa, and Asia need this information
to begin efficient management of their forest resources to meet growing world
demands.

There are widespread opportunities for the application of satellite data
concerning forests in supplementing current information in the United States and
in initiating fundamental inventory programs in developing countries. The capa-
bility to use particular data is now the only major difference between forest
users in the United States and in other countries of the world.

In classifying wild lands, user needs begin with data requirements for major
type classifications such as forests, grasslands, marshlands, rocky barrens, etc.
These delineations are of major value currently in charting remote regions of
the United States and unmapped areas of foreign countries., Expanding these cate-
gories gives the next subdivision involving detailed categorizations based on
soil, landform, and species. This subclassification is of major importance to
forest-management planning. Accurate satellite data concerning these classifica~
tion attributes will provide criteria for the selection of forest resource
management units, These units furnish the basis for multi-resource management
including forest recreation and wild life habitat as well as timber production.

Although some of the data collected for wild land classification are use-
ful in ¢imber imventory, further satellite information will be required on a con-
tinuing basis to fulfill this forest-user need. Inventories by species and by
size will require annual to triennial data to determine timber volumes, growth,
removals, and mortality. These data are necessary for forecasting timber trends
and for developing sustained-yield long-range programs on a national, regional,
or local basis.

Applications other than basic inventory and classification may require more
frequent satellite. observation and data acquisition. For example, detection of
stresses on forest vegetation prior to the epidemic stage will be extremely
valuable in permitting remedial action to be initiated before major damage can
occur. Satellite identification of the extent of stress and damage will aid in
expediting appropriate ground operations.

Forecasting of weather conducive to fires and detection of fires offer a
significzut application of satellite information in a real-time mode,
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This includes prediction and detection of cloud-to-ground lightning contacts

and the recording of meteorclogical and surface data necessary to fire forecast-
ing and planning for fire suppression. When fires cccur, the extent of damage
can also be evaluated quickly.

Monitoring of activities such as harvesting progress (area logged and road
construction), responses to silvicultural practices (thinning and fertilization),
and veforestation success (numbers and vigor) can all be done through timely
satellite data on timber volumes, areas, and quality. This information is most
valuable for remote and relatively inaccessible forest areas so often found in
the western United States and in developing countries.

Inventories of locally available logging residues are becoming increasingly
important to the timber industry. Little information is available concerning
the amount, size, and quality of these residues now in the field. Satellite
data concerning this source of wood raw material will supplement other informa-
tion for increased utilization of the timber product.

Range Management
Potential applications of satellite data in range managment include

Vegetative mapping,
Identification of rangeland uses,
Estimation of forage production (carrying capacity),
Monitoring the effects of range fires,
Monitoring encroachment of undesirable vegetation, and
Monitoring livestock-water development.

Proper management of rangelands is needed to supply maximum forage produc-
tion for livestock and wildiife. Management planning is complicated, however,
because the users of the lands are varied and because much of the rangelands of
the world is extremely inaccessible. Ranges in some localities serve as recrea-
tional areas. Still others are located in regions which are rich in minerals
and energy resources such as coal, oil shale, oil and gas deposits, and
geothermal resources.

BEarth-oriented satellites can be utilized to monitor ranges and to study
conditions and vegetation characteristics. Using data from satellites, the
impact of disease and insect damage can be assessed and proper action taken.
The energy demands of the world must be weighed against other activities for

-which rangelsnds can be used. The response to warnings of fire conditions
can be observed and burnt areas studied for management decisions. Fire-
danger rating is currently obtained daily throughout the growing season using
ground-based observation methods. In the future this information may be
obtainable from a satellite system but the procedure will become operational
only if justified by cost and efficiency.
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Other Agriculturally Oriented Applications

Satellite data may be used in such other agriculturally oriented applications
as

General vegetative surveys,

Identification of locations for roads, railroads, navigable
streams, villages, etc., in developing nations, and

Surveys of population density in developing nations.

General vegetative surveys on a global basis will increase in importance
with the passage of time. Areas of the world which are developing but to which
access is still limited need to be surveyed and characterized,

Summary of Anticipated Applications

Table I (page 16) summarizes anticipated applications of satellite data to
agriculture, forestry, and range management in the two time frames of 1975-80
and from 1981 to the future. The resolution required to give the accuracy needed
and the required frequency of observation are shown in the table.

The information derived from satellite observations will be utilized on an
ascending scale from local (individual farm for cropland history or small area
for inventory of forest-livestock-water developments) to national and global
(vegetative inventory, crop stress, etc.). The need for global coverage can be
foreseen for all these potential applications. While a sophisticated ground-
based information collection system exists in the United States, ground-based
data collection systems are much less effective or even non-existent in other
countries. The urgent need, then, is for a global inventory system.

Information systems in the United States for forest and range resources are
not as complete as for cultivated crops and, therefore, preliminary efforts need
to be concentrated on surveys of the United States.

The required frequency of observation ranges from daily (fire-danger rating)
to weekly (soil erosion and crop stress} to once every five years (broad inven-
tory of forest types).

Most cultivated crops develop from planting to harvest within a period of
four months. During that four month period, weekly observations for stress are
needed. These observations must be made on a global scale. If we take corn as
a specific example, the development period in the United States is about from
May 15 to September 15, In Argentina the period is about £rom November 15 to
March 15. To determine when and where the satellite should observe crop stress,
an independent study for each crop is required. With global information on crop
stress, it would become possible to better assure a stable world food supply by
taking into consideration, in planting, the quantity and condition of crops in
vegions where they develop during different parts of the year.

For all applications which require frequent updating (1 to 3 weeks), delivery
of data to the user is desirable within 72 hours and mandatory within 5 days
after acquisition. Applications that require comparisons of data from different
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satellite passes over the same area also require radiometric and geometric cor-
rection so that a wporal overlay can be made, matching pixels® exactly, for
change detection.

*A pixel (picture element) is the smallest discernible element of information in
a satellite-derived image of the surface of the earth.

15



91

Resplution Required Frequency of

Time Frame / Status Type of Application (in metexrs] Observation Required
CULTIVATED CROPS
1975-80 Operational Cropland inventory (large scale) 80 Monthly
Crop stress (now identifiable) 80 Weekly
Crop disaster (mow identifiable) 80 Weekly
Crop progress (planting to harvest) 80 Weekly

1975-80 RED

1981 on  Operational

1981 on  R&D

Crop stress (not now identifiable)
Crop disaster (not now identifiable)
Crop-yield forecast

Cropland history record (small scale)

Cropland inventory (large scale)
Crop stress

Crop disaster

Crop progress (planting to harvest)
Crop-yield forecast

Cropland history record (small scale)

Continued increase in accuracy of crop-
yield forecasts and crop-stress factors

30

30
30
30

10

Monthly
(10 m desirable) Weeckly
(10 m desirable) Weekly

Weekly

Weekly

Annualily



L1

1975-80

1975-80

1981 on

LAND RESOURCES

Operational Agricultural land use inventory
Soil mapping
Soil erosion studies

Wetlands inventory

R&D Land use capability survey
So0il productivity rating
So0il moisture measurement
Soil temperature measurement
Identification of special soil problems

Determination of landform characteristics

Operational Agricultural land use inventory
Soil mapping
Soil erosion studies
Wetlands inventory
Land use capability survey

Soil productivity rating

80
80
80
80

30
30
30
30
30

30

(confinued)

Annually
Every 5 years
Weekly

Annually

Annually
Every 5 years
Weekly
Annually
Annually

Annually

TABLE. I  APPLICATION OF SATELLITE DATA TO AGRICULTURE, FOREST, AND RANGE MANAGEMENT
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Resolution Required - Ffequency-of

TimeﬂFrame / ‘Status  Type of Application (in meters). ' (Observation REquirEdQ 

LAND RESOURCES (continued)

1981 on - Operational Soil moisture measurement 30 - Weekly
Soil temperature measurement 30 'Weekly;
Identification of special soil problems 10 Annually

Determination of landform . . E
characteristics : 30 Every 5 years

1981 on  RED : Continued increase in accuracy of
operational applications

WATER RESOURCES

1975-80  Operational Inventories of surface and ground :
: water (over 2 acres) . 80 : Monthly

Availability of water (snowpack and

© yunoff) | 80 | Weekly
“Monitoring of irrigation 80 - D Weekly
jidentification:of drainage patterns | 80 . _ - Annually
Monitoring of water pollution | “ :.
(reservdjrs of over 10 acres) 30 | Monthly
1975-80  R&D | ‘Identification of potential irrigable

acres

Evaluation of water conservation practices



1981 on  Operational Inventories of surface and ground water ' Q-r . @
: (over 2 acres) 30 - Monthly ' G
Availability of water [snowpavk and . r
runoff) _ : - 30 > Weekly
Monitoring of irrigation ' -'50 | ) 3 Weekly
Identification of drainage patcerns 30 ‘ _ g Anﬁually R
Mbnitoiing'of water pollution =30 . R Monthly
-Identlflcatlon of potential 1rr1gable. ' e ‘ B
“acres . _ .30 (10 m desirable) Annually :
Evaluation of water conservation _ _
practices : 10 - ' Annually
{3 1981 on RﬁD _ _Continued increase in éccﬁracy'of

operational applications
FOREST MANAGEMENT

1975-80  Operational ‘Broad inventories of forest ‘types - _ _ _ :
' “(over 40 acres) : A 80 ‘Every 5 .years

:Evaluatlon of forest stvess and

damage (over 40 acres): o 80 _ " Weekly | ' L
Inventory of forest—fire damage v o i
(over 40 acres) ' 80 _ Monthly :
Ideptification and monitoiring of . L
clear-cut acres 80 , © Annually . ;

(continued) y o : -55
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Resoluticn Required -

Tyvne of Application (in meters)

Fréquency of

Tims Frame / Status

1975-80

1981~

RGD

Operational

LY

FOREST MANAGEMENT (continued)

Evaluation and verification of spectral
signatures of various timber species
throughout the world, to permit future
qualitative and quantitative estimation
of timber volumes and growth

Study of site characterization to
determine site potential for all wild-
land products

Identification and monitoring of energy-
related and recreational activities

Identification and monitoring of energy-

related and recreational activities
Identification of spécies

Inventory and classification to include
timber volumes by species and by size

 Barly detection and quantitative esti-

mation of losses due to damage and

-disease

Monitoring of varicus timber-harvesting
practices, including selection of
logging sites

Predictionsﬂéf fire danger rating

30

-ib or less

10 to .20
10

10 to 20

30

- Observation Required

. Annually

 Every 5 yéars

Every 5 years
Anﬁuaiigy '

Annually

‘Daily

o
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1981 on

1981 on

1975-80

1975-80

Operational

RED

Operational

R&D

Monitoring of various silvi-
cultural practices 30

Inventory of logging residues 30

Estimation of site potential for
various wild land outputs 30

Development of interpretation
techniques and equipment to attain
95% accuracy in operational applications

RANGE MANAGEMENT

Vegetative mapping (over 40 acres) 80

Monitoring changes in uses of
rangelands 80

Mapping extent of range fires 80

Identification and monitoring of
range-improvement practices (point
facility or area over 2 acres) 80

Extensive evaluation of spectral
signatures associated with phenologic
progression of range vegetation to
permit future qualitative estimation
of forage production, range condition,
range readiness, and fire danger

Identificat:ion and monitoring of energy-
related and recrsational activities

{continued)

Every 5 years

Annualliy

Every 10 years

Every 5 years

Annually

Monthly

Annually

TABLE 1
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Resolution Required Frequency of
Time / Status Type of Application (in meters) Observation Required

RANGE MAMNAGEMENT (continued)

1975-80 R&D Identification and monitoring of range-
improvement practices

1981 on  Operational Estimation of forage production 20 to 30 Monthly
Evaluation of range conditions and
state of range readiness 20 to 30 Weekly
Prediction of fire-danger rating To be determined Daily

Inventory of livestock water
developments 10 Quarterly

Identification and monitoring of
major encroachments of undesirable
vegetative species 10 Monthly

Identification and monitoring of enerpgy-
related and recreational activities 30 Weekly

1981 on  R&D Improvement in analysis techniques and
equipment to attain 95% accuracy in
operational applications

TABLE I  APPLICATION OF SATELLITE DATA TO AGRICULTURE, FOREST AND RANGE MANAGEMENT



BENEFITS

Multipurpose Nature of Space Systems

Space systems are usually multipurpose in character. A single system has
the capacity to provide information which will be of value to a wide spectrum
of users. This is particularly true of earth-oriented satellites. The system
capabilities of ERTS, for example, have specific values in agriculture, forest
and range management and research as well as in other sectors concerned with
earth resources and problems related to their production, processing, and marketing.

This multi-user benefit aspect of the employment of space systems makes the
estimation of "aggregate benefits" very difficult. In most cases, however, major
and primary benefits can be identified and measured for most of the uses. If
the total value of these identified major benefits leads to a favorable cost-
benefit ratio for the space system being analyzed, then the system can be justi-
fied on the basis of these benefits alone. The knowledge that other beneficial
uses have been identified but not quantified provides additional support for the
justification of system operation.

As an alternative to justifying the use of space systems by aggregating
benefits, efforts can be made to allocate total program costs among potential
users. However, such efforts are almost prohibitively complex, especially since
most of the programs involved are still primarily in a research and development
stage. Under these circumstances, neither the total user population nor the

relative employment of space systems by specific users can be determined at this
time.

General Benefits

In general, acquiring and using data from space systems can benefit users
in three ways

Improvements in reliability, detail, end frequency of the
information required by specified users,

Reduction in costs associated with providing information
currently available from other sources, and

Increased capabilities to provide information which is needed
but currently unavailable from existing sources.

The me-surement of these benefits poses many complex and abstract problems.
Informaiisn is not a "hard" product and its value is often dependent on the user's
ability to interpret and use the data available to him. It becomes a decision
tool which, if rightly interpreted, can produce a return but, if misused, can
result in a loss. However, it generally can be assumed that better decisions

can be made with more complete information.
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General benefits, furthermore, may be either economic or social, If
a monetary value can be assigned to a social benefit, it becomes, in effect,
an economic benefit, Even where a monetary value cannot be assigned, it is
possible to identify social benefits, to rank them in relation to their
social importance, and to develop subjective rating schedules from which
they can be assigned quantitative 'rank-order'" scores, Combinations of
gocial benefits can then be scored and used as supplements to quantitative
estimates in order to determine economic-social priorities as inputs to
decision making.

Users and Specific Benefits

Benefits derived from the application of space systems to the problems of
agriculture, forest, and range management are specifically related in th:2 pre-
sent study to information derived from satellite data. Such benefits are based
on the capability of the satellite system to serve the needs of specific segments
of the user communities. The benefit stream extends all the way from the basic
source of the raw material to the ultimate consumer. Benefits may accrue in
supply, marketing, storage, transportation, service, and processing operations,
all vitally affected by changes in production and distribution. Because of the
competitive nature of the industries involved, however, the major ultimate bene-
ficiary will be the consumer.

There is a growing complex of local, state, regional, national, and inter-
national governmental and quasi-governmental organizations involved in servicing,
regulating, financing, and monitoring agricultural, forest and range resources.
Satellite data can be of major value to agricultural research and extension
services throughout the world. Renewed and increasing concerns relative to
global food and fiber needs bring in other national and international interests
who can use the data to identify and predict emerging famine or shortage situa-
tions and thus design and operate relief programs.

The United States has a relatively sophisticated system for collecting,
analyzing, and disseminating agricultural, forest and range management informa-
tion. These activities fall within the responsibilities of a variety of
federal and state agencies which would be major potential users of information
derived from satellite data. At the federal level the principal user agencies
will include the USDA, the USDI, and the Army Corps of Engineers, In addition,
information derived from the satellite data may be expected to be of benefit to
other agencies such as the Environmental Protection Agency, the National
Commission on Water Quality, the Tennessee Valley Authority, the Federal Energy
Administration, the Agency for International Development, the Bureau of the
Census, and others. At the state level, primary users will include departments
of agriculture and natural resources, federal and state crop and livestock
reporting services, land-use planning agencies, universities, and agricultural
experiment stations and extemnsion services.

These federal and state agencies have an interest in the various types of
information on agricultural, forest, and range resources which can be obtained
from satellite data. However, use of such information will depend on their
acceptance of the ability of the satellites to provide required data at a lower
cost, in a shorter time, and with a higher degree of accuracy than is possible
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through data-collecting methods now in use, Imitially, the agencies will become
involved on an experimental basis. It is important to recognize that they will
be reluctant to abandon current data-collection systems until they can be assured
that the satellites are established on an operational basis and can supply data
with guaranteed continuity at acceptable levels of resolution, accuracy, and
frequency. However, major benefits can result from use of the satellites on an
experimental basis and, where applicable, as a means of providing objective
checks on datz developed by other means.

One of the major improvements to be expected from use of ERTS data by
federal and state agencies is the ''common data base' characteristic it provides.
Currently the factual data exchanged between agencies frequently requires many
man-days -- or even man-weeks -- to extract the information needed because of the
diversity among agencies in how they classify and measure similar or identical
land resources. The saving in man-hours to be gained from this common use of
classified ERTS picture elements by all agencies will likely be sufficient to
assure cost effectiveness of the ERTS system at the state level.

Bconomic benefits from the applications of satellite data can be either
direct or indirect., Direct benefits result where documented reductions in costs
can be shown for satellite information equal in quality to similar information
obtained from ground observations or from conventional aircraft. A potential
saving in the survey of range resources by satellite rather than by conventional
methods represents a good example. In some situations, more timely or more com-
plete information regarding production and harvesting of grains will permit more
effective planning of merchandising, storage, and transportation and should lead
to an attendant reduction in the cost of performing these functions. Timely
information on projected weather conditions, soil moisture, or the spread of
plant diseases and insect infestations can enable producers to take corrective
actions to increase yields of affected crops. These yield increases can be trans-
lated into increased earnings, provided that simplifying assumptions are made
about the proportion of all producers who receive and act on the informatiom.
Indirect benefits pose more complex measurement problems. Examples of indirect
benefits which may be real but difficult to measure are

Effects on consumer prices of applications that reduce production
and/or marketing costs,

Secondary multiplier effects resulting from increased agricultural
incomes,

Savings to user agencies which could result from the adoption of a
common data base, and

Reduction of marketing and processing margins as a result of
reductions in risk and uncertainty, made possible through better
or more timely information.

Although quantification of indivect benefits is difficult, examples of success
do exist in agriculture as the results of studies made on price elasticity,

income multiplier effects, and the costs of risk and uncertainty in production
and marketing.
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A few examples of social benefits that may result from applications of
satellite data to agriculturally related problems include

Opportunities for increasing general and technical educational
levels in rural areas; this social benefit could be quantified by
cost comparisons with requirements of providing such services
through conventional systems,

Increasing consumer awareness of emerging agriculture developments
that affect potential supplies and prices of foods throughout the
world,

Monitoring actual and potential development of agricultural areas
as related to population distribution or rural-urban migration
patterns,

Determining impacts of agricultural developments, particularly
in developing nations, as they may relate to political-military
situations in these nations, and

Relating agricultural developments to nutritional and health
status of population,

Existing and potential benefits of applying satellite data to agriculture,
forest, and range management are shown in Table II (page 28). Principal benefits
are classified in terms of the type of technical benefit (increased geographic
coverage, detail, reliability, or frequency) and in terms of the type of economic
benefit (cost-reduction or income-increasing opportunity) which each application
permits. A rough estimate is made of the potential relative dollar value benefits
which may result. The dollar values shown are relative only and are intended to
pPlace the potential benefits in perspective according to how widespread their
applicability, that is, in terms of local, regional, and national or international
scope of applicstion. As may be noted in Table II, most of the economic benefits
are related to cost reductions. These reductions would result from the use of
satellite data to develop information that would otherwise be obtained from
ground observations or from conventional aircraft. Ultimate benefits from more
effective or efficient production, marketing, distribution, etec., that may have
resulted from use of satellite data have not been quantified. A logical claim
for additional benefits can be made in instances where satellites represent the
only available means of acquiring information which will permit better management
or production.

Specific benefits that are particularly significant may be summarized as

Increased reliability of acreage and yield estimates of major
crops (e.g., wheat); increased detail on extent of soil erosion
in specified areas; and increased frequency of monitoring range-
land conditions (e.g., forage production},

Reductions in costs associated with obtaining information on
planted acreage of crops throughout the world, in performing
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inventories of agricultural land use, and in monitoring progress
of crop diseases (e.g., corn-blight watch) and of insec