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STATEMENT OF DR. ARCHIBALD PARK, EARTH SATELLITE CORP..

)r. PArRk. Thank you, Mr. chairman.

| appreciate the opportunity to appear here, Mr. Chairman.

Chairman HuwmpHREY. Would you tell us a little bit about the Earth
Satellite Corp.; it is private ?

l)r. PARK. Yes. It is a private consulting firm. The bulk of our busi-
ness is related to remote sensing and the application of it to resource
management. our clients run the gamut from agribusiness both in
this country and abroad to State and local governments here in this
country as well as foreign governments in a consulting capacity.

I have been given a rather enviable task of being able to sit back
and look at the research that has been conducted. And a friend of mine
posed the philosophical question extremely well.

He said we should look at the research from time to time to see if
we have already gone by the answer. In this case, | think there is suffi-
cient evidence in the program of the experiments that have been done
to date to point out that certain results that bear very much on opera-
tional go or no-go policy have in fact come to light.

M-y paper is quite long and covers the technology in some detail
based on a system design. That is, an information system design that
covers all aspects of data acquisition, data processing, data analysis,
the various models that are in use today and of course, the decision-
making process.

The staff asked me to comment on the technical and technological
opportunities and constraints that exist today in the research and
development programs and the opportunities for the future for the
employment of such a system for global agricultural information.

The acquisition covers the three satellite systems that have been
mentioned and | don’t think it is of any use to speak further on them.

The document covers Landsats, Metsats and Datasats. It also covers
collateral observations and measurements both by national govern-
ments and by international organizations as well as agribusiness.

It treats the Landsat satellite, | think, with the emphasis that it
deserves since it is a key to this system. In my opinion. the system
really cannot exist in a way that “is both unbiased and independent
without such satellites. And | will have some recommendations at the
end of my presentation that deal with what might go on from here.

There are various categories of data from Landsat. The following
observables are all essential to an agricultural information system:

GROUP 1

1. Agriculture versus nonagriculture.
2. Cereals versus other crops.
3. Wheat versus other cereals.

GROUP 2
1. Soils association maps.
2. Soils reconnaissance maps.
3. Soils survey maps.
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GROUP 3

1. Vegetation density.

2. Vegetation vigor.

3. Vegetation stress.

The groups are in order of technical difficulty.

My position with respect to the operational decision is based on the
premise that we already know how to make maps of agriculture versus
nonagriculture on a global basis. That is not a R. & D. activity;

Chairman HuwmpHREY. You mean agricultural and nonagricultural
lands?

Dr. Park. Yes, sir; | do.

As Mr. Mathews pointed out, this is going to improve with newer
sensors on future satellites. That is, the precision will improve.

It can detect soil color. It can detect plant stress. It cannot tell you *

what that stress is caused by, but conventionally it is caused by mois-
ture or insects or disease or a combination of those.

It can measure biomass, that is the mass of the vegetation and, of
course, it can say something qualitatively about plant vigor.

In addition to these observable, it is necessary to consider the inter-
pretation of these data by skilled agricultural professionals in the
appropriate scientific discipline. The following are the outputs of the
Landsat and Landsat combined sources of data:

1. Ecological partitioning of the agricultural land of the world.

2. Surface soil mapping.

3. Crop inventory and monitoring.

4. Agricultural land use change detection.

5. Global agricultural data base compilation and update.

The inputs that | see Landsat making to the global system deal only
with crop inventory and monitoring only in the later years. To start
with we need very badly to partition the world ecologically. If we are
going to sample the world statistically. we have to develop those data
on the basis of the productivity potential of the land. Landsat by
virtue of its existing capability can contribute to these right away.

I have a schedule on how long it would take us if we made a deci-
sion this spring to produce such data which will in fact support an
operational LACIE concept.

One of the most important attributes of a satellite is the fact
it can detect change and agricultural land use change is a very, very
important thing.

I know that you felt as keenly as anyone present at the World Food

that,

Conference about the importance of the agricultural lands of the .

world. I was distressed by the fact that not one word in the technical
documentation dealt with the issue of agricultural land use change.
The fact that thousands of acres of good agricultural lands are going
out of production everyday.

Chairman HumpHREY. For what reason?

Dr. PARK. Principally because of road construction and urban ex-
pansion. But anywhere that one can grow crops, it is often the cheapest
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land on which to build buildings and roads and that's an unfortunate
thing.

Finally, 1 would argue that there is no data base, no conceivable data
base as good as Landsat itself for the global agricultural information
system. For its revision, and its verification, the Landsat pictures
themselves are the ideal base for the system.

In meteorology, Dr. White has mentioned the importance of that
discipline to crop yield, plant growth models and I will not deal with
the specifics.

The models are fairly well in hand and it is appropriate to state
that we should start now. As the research develops better and better
precision, it will certainly be employed. But we have enough proof of
concept that we should decide to go ahead now.

Chairman HuwmpHREY. That's the Metsat contribution you are talk-
ing about there ?

Dr. PArRe. That's right; the meteorological satellite.

Chairman HumpHREY. Is there a phase-in of the traditional type
of information by the computerization of this data?

Dr. PaRrk. Yes, sir, and in the case of the crop yield, plant growth
models, what has been done is to quantify these observational data
in numerical form and fit them into numerical models. The level of
sophistication of that technology is quite surprising.

I will only use one of the models in the presentation because it per-
haps is the most interesting of all the models. It is the land use man-
agement model and represents one more reason for my position that
we can in fact make a decision to proceed.

Land use information is derived in this concept from a multidis-
ciplinary team of scientists who use Landsat data to derive an analyti-
cal product on land use. And, of course, in the case of agriculture it is a
product that either deals with agricultural capability which is the
capability of the land to sustain certain types of agriculture or land
use suitability which does take into account the political factors that
present the scientists with given alternatives with respect to the use
of the land and so must be accounted for in the analytical tasks.

The land use analysis to date, that we, as a corporation have found
to be salable in foreign countries is, of course, that which deals with
intensive agricultural development, or the improvement of the range
of that country, or the actual alternatives that they must consider
in the development of transportation systems.

I mentioned before that land use historically was not an issue in
roads. I feel it should have been. One can build a road anywhere. It
is no longer necessary to use agricultural land to build roads, since
engineering technology is no longer a limiting factor.

When | talk about the rational use of land I do it because the prin-
cipal interest of these countries and hopefully of our own is the pro-
tection of agricultural lands.

This is a chart from the body of my report and I will spend only
a moment or two on it.
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I have diagramed how products and information would flow into
a system that would produce these products in the order in which |
suggested they were able to be produced by Landsat now.

We would use Metsats, existing air photos, and Landsat data com-
bined with all the collateral information as you said yourself, the
conventional information that we can get our hands on to produce
Ecozone maps. Ecozone is a word which is apolitical in the sense that
there are lots of other terms around. If you use them you mean a
system that was developed by acertain country.

Landscape mapping is a Soviet term. Land system mapping is an
Australian term. And so Ecozone means all of those things so it is
equally clear to the Soviets and our own people that we are partition-
ing the world in terms of its biological productivity.

Now, given an Ecozone map, which is rather a scientific document
and given genetic distribution data, an experimental agronomist using
a practical approach to the analyses of these data can produce produc-
tion potential maps of the world.

The real question is: How long does it take to do that if you started
now ? And where are we in the R. & D. program so that that product
would meet with the current research program in NASA and Agri-
culture.
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Using World Meteorological Organization data daily, and satellite
data from the Metsats daily we can produce daily yield forecasts.
These are the numerical equations previously referenced in terms of
the World Food Conference we are addressing the early warning part
of that charge that was given to FAO.

Now, I have-I said that | would propose a timetable of events and
here it is. If the decision is made to implement such a program this
year, there are a variety of milestones. The soil maps of the world are
complete. They are not published by any means, but they are complete.
FAO is continuing this work in terms of soils limitations to agri-
culture.

Chairman HumpHrey. When you say “soil maps,” do you mean
just the topography, or are you talking about chemical analysis also?

Dr. Park. | am talking partially about chemical analysis, but more
accuracy the graphic description of soils and a legend system that has
been completed for the world. They are fairly small in scale but none-
theless they do exist.

And if you take Landsat data and interpret these soils as they must
be interpreted for the models, in my estimation it will be 2 years from
this spring before one is finished with the interpretive process for
wheat for the world.

If you add to that, rice. it will take another year. And if you add to
that, corn, still another year to complete the interpretations of the
soils data as required by the models now in use to produce plant growth
in yield numbers.

Chairman HUwmpPHREY. Then the information you obtain would be on
productivity, for example ?

Dr. PaRk. Yes. sir.

Chairman HumpHREY. Do you get data on the possibility of disease ?

Dr. PArk. Not yet. That's several years away. But the stress caused
by soil moisture is a part of it.

If you started this spring to ask, for example, the Department of
Agriculture to develop crop calendars, it would take them a year to
do wheat alone.

This calendar of the biological events descriptive of the growth of
wheat in my opinion would take at least a year.

Chairman HuMpHREY. There are also critical periods in production.
Information on a lack of moisture at one time of the year is more crit-
ical than at another time of the year.

Dr. Park. That's correct.

In the piant growth ancl yield models we literally grow the plant
daily and that's specifically why the yield data is a daily event. And
as | say. if you want to continue with this work for just the three
principal crops, it is not something that can be done just out. of hand
and in a hurry.

Chairman HUwmpPHREY. This is what you are saying is now possible
with the current technology?

Dr. ParK. Yes. sir: | am. If you decide to proceed with the Ecozome
mapping of the world and yon make the maps of iust wheat-prodneing
aveas of the world to etart with. that’s a 2-vear joh. And a further year
for rice and ona more for eorn to do thet.

Chatrman Hrarenirey., These are all very rompliested terms. When
vou speak of the Ecozone maps, what does that specifically represent?



310

Dr. Park. That is the culmination of an interdisciplinary analysis
of the land which deals with the drainage, surface materials of the
Earth, the geology  of the Earth, the soils, and the vegetation. Trans-
portation and cultural features mayor may not be a part of that map
but it gives you the information about the natural land system,

These Ecozone maps which are a result of this complex; analysis,
go together with additional information to produce production poten-
tial maps of the world.

Now, production of what? That's the question. As we have said the
first effort would be to produce maps for the potential, for wheat ~
growth. To do this would take 2 years for wheat, 3 years for wheat and
rice, or 4 years for all three.

As for the plant growth models, in my opinion, wheat can be im- .
proved, but | believe the models are adequate.

The models for corn are the most advanced but we decided not to
start with corn. The fact is that corn is not as important as wheat is
in food trade, nor in the food-for-peace program. Wheat is the most
important crop in international trade. And even though the models
are not as wel developed as they are for corn, we all agreed to start
with wheat first.

In the Landsat schedule we know that C is scheduled for the fall
of 1977 and D is not an approved program. Everyone has mentioned
the fact that their programs are hinged on the approval of future
missions and that's a key issue for the committee, in my opinion.

Finally, I believe that Earth observation satellites are the only de-
pendable, unbiased source of data, and that Landsat imagery is the
only consistent base of data. And one that | don't think can be stressed
too hard; and that is that the proposed system benefits by but is not
dependent on international cooperation.

That's another key issue; the system as described is one that can
be conducted with or without international cooperation. It will gen-
erate statistics of acceptable accuracy in either case.

Legislation can certainly strengthen USDA o,0ne could create an
independent entity with this single responsibility. Legislation, I be-
lieve, should recognize that orbiting resource satellites are the core of
the system.

Am-1 finally, legislation should recognize that no present agency of .
the Government has all of the necessary multidisciplinary skill mix.
I would point out that the Department of Agriculture could bring
to bear the proper skills but no individual agency of the Department
presently has the proper staff.

Thank you very much.

Chairman HuwmpHrey. Thank you very much.

[The following paper was requested from Dr. Park by OTA!]
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A GrLoeaL AGRICULTURAL INFORMATION SysTem

This report prepared for the Office of Technology Assessment deals with the
application of advanced technology in the fields of remote sensing of the ter-
restrial biosphere and the atmosphere to provide inputs to a dynamic analytical
system which produces quantitative estimates on the current status of agri-
cultural production of selected crops on a global basis. . .

The report will provide a narrative description of the system including an
overview of the design concept. For each element of the system an assessment of
the current state-of-the-art will be made. The contribution that each element
makes to the system will be covered in sufficient detail to provide both understand-
ing at the system level and to illustrate the tremendous value many of the indi-
vidual components have in the management of agricultural resources. A brief

description of the status of appropriate research and development will follow.
F?nal\f/), a review o? t%e gaps grﬁ)d%)r ef?c{enc?es wﬁpcomplet me technlcalI 8}’\3/
cussion. A section will then follow which will deal with the institutional issues.
These will include both national and international problems and suggested solu-

tions where appropriate.
INTRODUCTION

The agricultural objective of the United States and other countries is the
alleviation of the world food problem. The major increase in the world’s food
supply must come from increased production of farm crops. Historically, this
has largely been accomplished by bringing additional land under cultivation. More
recently increased food production has been met by increasing the yields on the
land already under cultivation in both the developed and the devplogmg countries.

A major essential for any agricultural management system is the availability
of information on agricultural conditions in a timely fashion, Qiqpor_tunltles for
increasing and sustaining the productivity of the land and facilitating product
flow in agriculture are identified by the availability of accurate, comprehensive,
and timely information on productivity, and on the current and potential use
of the land. The lack of such information can be a major obstacle to the further
economic development of developing countries and a subsequent obstacle to the
formulation of important policies in more fully developed regions. .

If one considers the broad base of data required to undertake any major review
of the agricultural potential of a large country, to say nothing of a continental
land mass, it becomes apparent that “on the ground” observations create man-
power and logistical problems of overwhelming proportions. .

Current earth observing satellites have demonstrated that with the proper
technical. scientific, and institutional support, they can be employed in an opera-
tional system designed to provide a continuous overview of agricultural produc-
tion and agricultural land use on a global basis with the inherent capability to
forecast production in advance of harvest.
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1.0 The Technology

Figure 1 is a block diagram of an information system concept which was de-
veloped by the writer several years ago and which was designed specifically for
use with remote sensing. It is a closed loop_ model and is centrally oriented in that
information flows to the management decision block and requirements for infor-
mation flow from that block. )

In many or%amzatlo_ns both in and out of the government sector data is col-
lected simply because it can be acquired. In the eveIoRment of remote sensing
devices there was an intensive effort to focus the research on meetlln(]:; the require-
ments of management decision makers in the natural resource fields. This was
done because of the high visibility and cost of the acquisition systems, namely
satellites and aircraft. )

In the DATA PROCESSING block both conventional photo products and more
sophisticated and quantitative digital products are prepared and delivered to
the analytical grou&. . . .

In the DATA ANALYSIS block there is a variety of methods available and
many of them are suitable for implementation in an operational system. They
include conventional photointerpretation with simple light tables, machine as-
sisted interpretation, and finally a fully automated approach using a variety
of current computers. The direct recognition of natural resource features based
on their shape alone is the exception rather than the rule. In this field the key
to the analysis of the feature is frequently color, although the literature more
often refers to its “multispectral signature”. In addition the interpretation team
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is invariably made up of natural resource scientists rather than a team of trained
technical level personnel. It is the professional background of the team that
makes the interpretation of the data possible.

The MODELS are parallel blocks, but the vertical line between them is meant
to imply that there is an interaction between the science, the economic, and the
management models. The most popular concept of modeling is that one can reduce
all parameters to numerical form for processing in computers. Many natural re-
source models are numerical in form; many others are not. The term “model” in
this document includes both the numerical form and the iterative form where
there is a prescribed sequence to the ordering of the data so that cause and effect
patterns are produced and conclusions are drawn from the analysis of these
patterns. It is in this way that such difficult abstractions as behavior can be
modeled. In the section dealing with models, an iterative model on the spread of
disease will be shown, ) )

As the figure illustrates, all three of the modeling Mocks ma)é be re_cllugre.d to
produce information for the MANAGEMENT ALTERNATIVES block. This is as
far as the natural resource scientist, in the context of this approach, goes in the
production of information for management decisions. In this concept these alter-
natives are given to the managers who represent a different entity than the
remote sensing resource scientist; and it is appropriate to consider for the pur-
poses of this paper that those decisions are Congressional management decisions.
The decisign process can result in a course of actions, but that is beyond the
scope of this document. However, that process can result in a requirement for
additional data for that or future decisions by the management group.

The DATA REQUIREMENTS block constitutes the feed-back loop of the
information system, and starts the process over again with the acquisition of
data to satisfy that requirement. o .

If there is a unifying theme to the system concept, it is expressed in the phrase
“the convergence of evidence.” These words describe both the method and the
philosophy of the approach. In merely stating the goal of the technology-to
Broyide a current assessment of the production of selected crops on a global

asis--it is necessary to realize that one is trying to monitor, and in some cases
predict, the behavior and the interaction between two of our most dynamic
environments, the atmosphere and the biosphere. Many scientists consider both
to be intractable; the atmosphere because of its enormity, and the rates at which
its processes occur, the biosphere because of its complexity and the interde-
pendence between living and non-living components. The convergence-of-evi-
dence approach is not, however, an admission that the science is inexact. Rather,
it is the recognition that it is both complex and dynamic, and that the sources
of input data vary in their precision and their reliability. The concept implies
that there are several input data sources, as indeed there are, and each is ex-
pressed in the following subsections.

1.1 Data Acquisition

In a system where one is going to acquire data on a global basis it is necessary
at the outset to consider the issue of national sovereignty and the sensitivity
of many countries concerning access to data about their natural resources. The
attitude of the majority of countries, including the United States, is that
anyone may conduct an inventory, sometimes after the issue of a permit (Aus-
tralia). The national will is imposed in the exploitation Ighas.e. Other coun-
tries have very strict laws prohibiting even the inventory (Brazil), while others
are principally concerned with their border areas (India). In any case, the use
of aircraft for"the purpose of an agricultural information system seems for the
present to be unacceptable, and because this is so, a concept has been developed
which does not use aircraft, even in the United States. )

There are two major sources of information, (a) satellites, and (b) collateral
data. These satellites include (12 LANDSATS, (2) METSATS, (3) DATASATS.

The collateral sources include. (1) national governments (Ministries of Agri-
cu tureS: &Sainternat%na? k'i'oc?les)(Food and g,&grlcu ure rganlzaptlon, a?nd
World Meteorological Organization of the United Nations) ; and (3) Agri-
business.

1.1.1 LANDSAT Data

Research conducted to date by a number of investigators has established the
utility of these data in agricultural information systems. There are various
categories of data from LANDSAT.
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a. The LANDSAT data is the only source of data.

b. The LANDSAT imagery is the primary source of data. .

¢. The LANDSAT imagery is supporting data to other satellites and other
data sources.

_The following list of observable are all essential to an agricultural informa-
tion system, and each group is structured in order of technical difficulty. Each
observable is followed by one of the letters (a), (b), or (c), as indicated above,
to denote the category of LANDSAT data.

GROUP |
1. Agriculture vs. non-agriculture: (a).

2. Cereals vs. other crops: (b).
3. Wheat vs. other cereals: (c).

o GROUP |5
1. Soils association maps: (a).
2. Soils reconnaissance maps: (b).
3. Soils survey maps: (c).
GROUP 111

1. Vegetation density—biomass—leaf area index: (a).
2. Vegetation vigor: (a), (), *.
3. Vegetation stress: (a), (), *.

In addition to these observable, it is necessary to consider the interpretation
of these data by skilled agricultural professionals in the appropriate scientific
discipline. The following are the outputs of the LANDSAT and LANDSAT-
combined sources of data. o . .

1. Ecological Partitioninfl.-Each partition, or geobotanical landscape unit,
represents a synthesis of certain key items of knowledge about the area. These
variables include the regional distribution of landforms, geology, meteorology
and climate, hydrology, and to some extent human activity. The interaction of
these phenomena produce a base to which specific living resources such as vege-
tation and animal life respond, and upon which natural and deposition, work.

The purpose of the analysis is to partition the region or country into meaningful
ecological units—meaningful in the sense that for a particular crop or group of
crops, for example cereals, the ecological units thus defined will permit samples
of yield data taken randomly from the unit to be truly representative of the entire
area of the unit. The stratification will greatly improve both the reliability and
cost-effectiveness of all kinds of statistics related to productivity, land use, and
natural resources. It also becomes a spatial data base. for the systematic organi-
zation of available information about both the natural resources and the depend-
ent society, and it represents a basis for organizing and presenting plans for agri-
cultural programs which are founded on the concept that opportunities and con-
straints to resource development are usually similar in like ecological regions.

Finally, it provides an_improved basis for the development of a total resource
policy for setting priorities and scheduling program implementation because it
gives decision makers at all levels, both administrative and operational, a
perspective of the country or region that simplifies what would otherwise be an
overwhelming body of complex detail about the resource and the area.

2. Soils Association Mapping. —Aside from the basic essential nutrient value of
soils, their most significant role in plant growth equations is the way in which
they handle water relative to the root systems of plants and the evaporation
demands of the atmosphere. For the purposes of the models, particle-size classes
are one of the important groupings. Salinity is also considered, as it is an obvious
factor in plant/water relationships. LANDSAT data_is valuable in the soils task
for two reasons: first, the analysis of the LANDSAT data is an agriculture vs.
non-agriculture map. That map is used to determine the soils that are important
to agriculture. Most soils maps have no companion overlay which indicates to
the analyst that he is looking at farmland.

One can infer that certain types of soil are arable, but from the point of view of
partitioning and the production of statistical strata the LANDSAT image pro-

*LANDSAT (ata s m?st often L{S d to.veri ‘hg 8ond|t|on§ of vepeta%ﬂon \Hglor an
sﬁress, ﬂnce €state. O the vegetation is calculated daily 1N plant on models, an
the satellite data 1s esed each 9 d )45 or eacl 83 axs, or eveﬂleé, req ntr¥, to confirm that
these vergl;gtatlon condition do infact exist. On t egther and, the (a) on both vigor and
?ﬁ{aeﬁgrgl icates that those two conditions can be detected directlyontheLANDSAT
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vides the precise boundaries of the arable land and information about surface soil
color patterns which are able to be keyed into the existing soil surve?;s where they
are available; and second, inferences can be drawn relative to the important
aspects of the soil in the plant growth models, directly from the LANDSAT data
where soil surveys are absent. .

3. Crop Inventory and Monitoring.-The repetitive coverage of the satellite
permits one to create, in a temporal sense, an inventory of the crops and an
assessment of crop conditions throughout the growing season. The reason that it
is necessary to conduct a temporal mventorP/ in agriculture is that at certain
times in the growing season it is very difficult to separate the species one from
another. This is true for remote sensing systems both aircraft and spacecraft and
for some crops (cereals) even true for surface observations. Then, at a specific
time during the growing season one crop will become very easy to identify, versus
all the others; a separate time a second crop, and at still a separate time, a third
crop, and so on, so that it requires the repetitive nature of the satellite to build
up a catalo? of Inventory data. It is expected that, even with the improvement in
both spatial and spectral resolution afforded by future satellite systems, this par-
]Eitlzlulardapproach to inventory would be the one that will always have to be
ollowed.

4. Agriculture Land Use Change Detection.—The ability of LANDSAT to moni-
tor land use change, especially in agriculture, is an exceedingly important tool.
As new lands are opened up and as changes occur from dry land farming to irri-
gation farming, and as different crop types are introduced into the areas, the
repetitive coverage of the satellites permits one to assess change, to introduce that
change into the data base, and to correct the statistics essentially in real time.

5. Global Agricultural Data Base Compilation and Update—There is no sin-
gle or multiple source of data on agriculture that is comparable in any respect to
the LANDSAT image itself; and If it takes five or more years to compile the
LANDSAT data base of global agriculture, the task is well worth the effort. The
analysis of that data is quite simple from the point of view of the data base, that
is, agriculture versus non-agriculture, and the monitoring of the changes of
those boundaries. The data is in digital form; it is also in pictorial form. It
is able to be stored in computers. Because each picture element is in fact an
X, Y cogrdinate in latitude and longitude, it is easy to update the data base é)ic-
ture element by picture element 1f that is necessary. Critics of the LANDSAT
Frogram have historically criticized the spatial resolution capability of the satel-
ite system, stating that the 80mm Ground Resolved Distance is far too_coarse for
meaningful studies. Without debating that issue in this paper, the point should
be made that for use as an agricultural data base on a global basis, 80 meters
resolution represents far too much data. Proposals have been made to let the
complexity of the land itself determine the spatial character of the data base cell.
In actual ‘practice, most of these data bases in computer form have a 1 kilometer
to 10 kilometer cell size, and when maps are made from this computer base, it is
difficult indeed to tell at a glance that you are looking at data in digital form—
which is to say that the map is made up of a series of very tiny squares.

If LANDSAT is used to create this data base, and if this data base is to be in a
computer for its ready retrieval and storage capability, a decision will have to be
made on how and where LANDSAT data will be aggregated to provide a realistic
computer matrix cell size.

1.1.2 Present LANDSAT Deficiencies

In a discussion of deficiencies of the LANDSAT system, it is noted that
these deficiencies do not prohibit the use of the satellite in the accomplishment
of the task described. However, improvements can be made, and undoubtedly
will be made, and for that reason they are enumerated.

1. Spatial resolution.—The present Ground Resolved Distance (GRD) or
Instantaneous Field of View (IFOV) is 80 meters. It is convenient to think of
the resolution cell as a square patch on the surface of the earth 80 meters long
and 80 meters wide. It happens that this is very close to an acre. Because the
cell size is that large, it is difficult and_in some cases impossible, to see small
fields. Some of the important crop growing areas of the world are long, narrow
mountain valleys, and it is not possible to say with confidence that one can
differentiate anything other than riparian vegetation versus other classes. In
some cases even that is difficult. An improvement in the spatial resolution of
the satellite would permit a more accurate delineation of fields of small size and
more accurate measurement of fields of all sizes. The present measurement cap-
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ability of the satellite is a statistical relationship wherein an array of 3
pixels by 3 pixels is accepted as the smallest field that can be measured. This
takes into account the probability that a pixel can fall on the edge of a field and
thus be made up of partly that field and partly the adjacent field. Thus for area
measurement the data are acceptable only when field sizes are that large (approxi-
mately 10 acres) (4 hectares) or larger.

2. Spectral resolution.-LANDSAT operates in four bands, the green, red, and
two bands in the infrared portions of the spectrum. They are broad bands,
being 100 micrometers wide. The multispectral scanner (MSS) was designed to
the state-of-the-art, and because the satellite is operating at the altitude and
at the speed at which it does, it is essential that these bands be 100 micrometers
broad. That permits the detectors in the instrument to record enough energy,
i.e., count enough photons to measure the colors reasonably accurately. On the
other hand, this broad band color discriminant makes it difficult to separate some
plant species from one another. Research conducted over the past decade in
aircraft indicates that if these bands are on the order of 50 micrometers wide as
oppohsed to 100, it would be much easier to discriminate the plants, one from
another.

3, Temporal resolution.-The design of LANDSAT permits it to cover the
earth in 18 days. The swath width of the image is 185 kilometers, and if one
divides the equator into 185-kilometer pieces, one finds that it takes, 18 days to
cover the world at the equator. This is a compromise, and resulted from a
decision which was made during the design phase. The_trade-off involved the
question of whether or not to go for global covera%e including the equator, or give
up complete coverage in order to give more frequent coverage of just the
United States. The decision was made to go for a global system.

The success of the satellite in collecting data at the equator and 10 degrees
north and south of the equator, where cloud cover has been sufficiently severe
to have caused aircraft data collection missions to have failed has in the
opinion of the writer justified that decision made in the early days of the
program. A large percent of agricultural production grows in that 20-degree
equatorial belt around the world. On the other hand, cloud cover statistics suggest
that there is a 50% probability that any given area can be covered by clouds,
during the growing season: thus the 18-day coverage of the satellite causes

aps In the data resulting in some areas being covered barely adequately
during the growing season (two or three times), and others with data that
Is altogether unsuitable for analysis for agricultural purposes (less than twice).
At the present time there are two LANDSAT satellites in orbit; LANDSAT 2 was
launched so that coverage is every nine days. The experience to date in the
United States where there has been a regular collection of data on that nine-
day interval, indicates that this may be the ideal data collection cycle.

4. Format.-Approximately 10% of LANDSAT data is able to be processed
as computer-compatible digital tapes. For the analysis of vegetation there is a
requirement for the highest possible radiometric accuracy that is available from
the satellite data. This means that in the analysis of agricultural data it is neces-
sary to use the data in digital form. The decision made by NASA which
resulted in such a small capability has not proven to be supportive of agri-
cultural applications, and recommendations have been made to NASA to in-
crease this capability considerably. . o )

5. Thr_oughgut.--T e present minimum time from the acquisition of data in
the United States. of the United States, to the delivery of that data to an
investigator is about three weeks. The same minimum time, where the data is to
be purchased from the EROS Data Center in Sioux Falls rather than be shipped
to the investigator by NASA, is on the order of two months. If you ask for the
data to be delivered as a computer-compatible digital tape rather than a set of
multispectral photographs, that time period can be as long as four months. The
maximum allowable time for the analysis of vegetation, and especially in the
experimental phase where field investigations will result from observations
made in the data, is 48 hours. The desirable time from acquisition to delivery to
the analyst is 24 hours. The throughput is perhaps the most serious deficiency
in the present LANDSAT program, and _denies to the serious investigator the
ability to conduct an experiment in anything like real time. It is in every case an
after-the-fact analysis of the data. This has had a serious impact on the ex-
periment program in NASA, and has resulted in a lack of serious agricultural
investigations except in a very few cases.
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6. l)epcndability. AI_thoudqh_d_ependabiliéy is both a technical and administra-
tive matter, the_technological deficiencies in-dependability deal almost exclusively
with the failure of the tape recorders on LANDSAT 1 and 2. This technology has
had a history of failure in the NASA program, and one solution that NASA is
currently studying is the use of data relay satellites to dispense with the use
of tape recorders in future satellites. This’is certainly the only sure solution to
this technological problem.

The_administrative dependability for the issue results from the fact that
there is presently no approved operational program, and this too has a bad im-
pact on agricultural investigators since the start-up time and the cost associated
with a serious study of the application of the computer-compatible tapes to the
analysis of agricultural data is considerable. The result Is that even in the
U.S. Department of Agriculture there has been a minimal interest in the program
and a minimum investment on the part of the Department in this technology.
The current effort among NASA, NOAA, and USDA in what is referred to as
the Large Area Crop Inventory Experiment (L.ACIE) is the first intensive in-
vestigation by USDA into the value of this satellite for major agricultural
programs.

1.1.3 Current LANDSAT Research and Dcvelopment

In NASA there are two supporting R&D programs in the LANDSAT area.
The first is the Supporting Research and Technology program (SIR&T), and the
second is the Advanced Applications Flight Experiment program (AAFE). In
these programs there is an orderly progression of development from the theoreti-
cal or conceptual stage, throu?h laboratory studies, to a field program of measure-
ments, and finally to a test flight program in aircraft at a variety of altitudes,
prior to the decision that feasibility has been established and a space flight
program is requested for that technology whether it be a sensor or another ele-
ment of the satellite hardware.

Research and development is proceeding on a number of fronts that are appro-
priate to future LANDSAT vehicles.

1. Better Spatiul Resolution.—There is a Multispectral Scanner development
pno?ram which has as its goal the production of an instrument for space that
will have a 40-meter instantaneous field of view (IFOV). It is possible that
this research will lead to an instrument that will have even better resolution
than that; the number “30 meters” has been cited in the literature.

2. Better Spectral Resolution.—The advance in solid state detectors for air-
craft and satellite implementation leads to the capability of providing a_band
width for each spectral band of 60 micrometers, so that in this particular
respect it is reaching what should be considered to be an operational goal.

3. More Spectral Tnformation.—The multispectral scanner research referred
toin 1 and 2 is in addition Iookinghat the possibility of having one or two addi-
tional channels of data added to the LANDSAT C capability. LANDSAT C, or
the third satellite in the LANDSAT series, will have a five-channel multispectral
scanner as opposed to the four-channel scanner on LANDSAT 1 and 2. In
LANDSAT C, the thermal infrared band is to be added which’ will provide addi-
tional information important to agriculture and will include a night time capa-
bility for the satellite. The one or two additional channels to be added in the
future will be in the reflective infrared; and when added the instrument will
cover all of the infrared spectrum available to a satellite platform in which all
the infrared channels are in all the atmospheric windows. This seven channel
device will be close to meetm? the rtle\ﬂuwements of the operational system in the
visible and infrared portions of the E.M spectrum.

4. Better Temporal Resolution.—It has been stated before that there are two
vehicles in orbit now providing nine-day coverage. That is very likely to be the
operational requirement. There is evidence of course that additional coverage
would be desirable, but if that is to be the case, then it would not be -achieved
by adding another polar orbiter, but rather to going to a geosynchronous orbit
with a Synchronous Earth Observation Satellite ( SEOS ).” ]

If the design characteristics of SEOS do not change, it would provide the
capabili_tﬁ of viewing any place in the United States on a nearly continuous
bagls“wlt the same spatial resolution as presently available in LANDSAT |
and 11

5. Format.-NASA is upgrading its digital processing capability currently
and has plans to go to a full digital processing capability for LANDSAT C. If

6S-S77—76—21
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all of the other organizational and technical issues were solved, the planned
launch date of LANDSAT C could be selected as a good goal for the orderly
be%mnmg of a ?Iobal agricultural information system. . .

. Throughput.-The current NASA/U.S. Department of Interior plans in-
clude upgrading the capability of both NASA Goddard and the EROS Data Cen-
ter to provide LANDSAT telemetry from Fairbanks and Goldstone via com-
munications satellite to Goddard. This is in fact a more cost effective solution
to the central collection of conterminous United States coverage from the LAND-
SAT satellite rather than using the mails to send the tapes. The communications
satellite interface between NASA and the Department of Interior is a link be-
tween Goddard and Sioux Falls.

The EROS Data Center does plan to reformat the satellite telemetry to any .
user specification. This includes the packing density on the tape, the organization
of the data on the tape so that it is compatible with the current analytical soft-
ware in most computers and at the same time lends itself to the production of
imagery directly from the tape.

1.1.4. Research and Development Deficiencies

The principal deficiency in the research and development program is one of
goals. The major thrust in the current program is the LACIE effort. The LACIE
effort, however, depends on the success of a very difficult technology task, that
is the identification and measurement of wheat. In my opinion, a tremendous
benefit is technologically possible in the implementation of an agricultural
information s?/stem without requiring the technologE\)/ to solve the species identi-
fication problems at the outset. It is clearly possible to provide, as has been
indicated, a global agricultural data base in pictorial form, and then to proceed
with a research program, namely the identification and measurement of the
important food crops. The implementation decision should not be based on
achieving that particular goal before going operational. There is much that can
be done in terms of moni _orln(};] the vigor of vegetation, and much that can_be
done in terms of partitioning the crops into plant communities without having
to determine the species composition within the community. The Department of
Agriculture and the Food and Agricultural Organization of the United Nations
has for years worked with statistical probability and accepted the errors
associated with it. In my opinion, the contribution that LANDSAT data can make
to the existing statistical methods is sufficiently important and cost effective to
justify its employment immediately.
1.2 METSATS

The evaluation of this technology differs from the previous section on LAND-
SAT in that the satellites that have been used thus far in the agricultural
research program have been the operational satellites. They are the NOAA 3
and 4 satellites of the Department of Commerce and the DAPP satellites of
the Department of Defense. Both systems provide visible and thermal infrared
Blctures every twelve hours, thus providing data day and night. However, the

APP satellite system has two vehicles in orbit thus giving the data each six
hours. The analysis of the photography is used in the agricultural research
program for ﬁreupltatlon mapping as an input to the agrometeorological models -
that deal with plant growth and yield. The precipitation analysis is based on
the identification of cloud type and cloud brightness and the cloud field analysis
is used to draw a map of the spatial distribution of rain. In some cases where
ground observing stations are not available to the analyst, he must in addition
to drawing a rainfall map, add to that map the amount of precipitation that he
estimates Is fallln? from that cloud system, The meteorological data which are
applicable to grqg orecasting are:
a

1. Precipitation,
%. Maximum and minimum temperatures,
. Wi

ind, .
4. Relative humidity,
5. Cloud cover. .
These data are used to develop transformations that relate to plant growth
and yield, these parameter are:
1. net radiation,
2. potential evapotranspiration (ETP),
3. precipitation,
4. degree days,
5. day length.
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Evapotranspiration (ETP) and precipitation are used together with soil and
vegetation data to calculate soil moisture. The soil moisture data can be used
to assess moisture stress in the plant. Degree days assist in determining the
phonological age of the plant. The two together (moisture stress and age) permit
the assessment of the significance of the moisture stress in terms of yield.

Net radiation (RNET) is the net energy gained by the ground through the
processes of insulation find terrestrial radiation losses to space. RNET is a
measure of how energy is available for photosynthesis for heating the ground
and most mﬁortantly, for evaporation. RNET shows a pronounced annual cycle
with the highest values in the summer when the daﬁs are longest and the sun
is highest above the horizon, and lowest values in the winter when the sun is
lowest. Cloudiness also has an effect on RNET since it depletes both the
incoming solar radiation and the outgoing terrestrial radiation. In addition,
there are in the calculations coefficients which account for atmospheric trans-
mission, latitude, longitude and time of day. An important parameter is cloud type
which affects that portion of the long wave radiation that is lost to space.
Frequently the climatological records do not contain the information necessary
to determine the effects of clouds not only on the long wave terrestrial radiation,
but also the incoming solar radiation. A method has been developed which uses
satellite cloud information and is considered a major innovation in the models.

The form of the precipitation equation is:

Piar=ko+k:CO+kCe+ ]{,.\’3+k.St+k;B1+k;B2

where P., tisthe satellite rainfall estimate; Ch, Cc, Ns, St are the percentages
of cumulonimbus, cumuluscongestus, nimbostratus, and stratus cloud types
measured from the visible satellite images; Bl and B2 are percentages of
brightest and bright cloud cover occurrences in the infrared images, k. , . . . k6,
are. reFressmn. constants. For the agromet cells that do not have surface meteoro-
logical observing station precipitation reports, the final estimate of precipitation
is calculated by a combination of the satellite estimate P_and the ground
estimate Pg. The ground estimate is obtained from the precipitation measured
at the surface synoptic station assigned to_that cell. The “cell” refers to our
data base which'is a map of the crop producing areas of the world divided into
50 or 25 or 12.5 nautical miles squares, depending on the precision desired in the
production statistics.

1,2.1 Metsat Deficiencies

In considering deficiencies in the Metsat data, it is important to note that
we are dealing with operational systems designed to acquire operational dat a
t 0 _meet the needs of the organizational entities that are responsible for their
design and their employment. So to he critical of the deficiencies of that system
when used for an entirely different purpose from which it was designed is
somewhat unfair. Nonetheless, the use of the data for agricultural informa-
tion ﬂurposes would be better served if there was a storage and retrieval system
which would store and from which could be retrieved full resolution data and
similarly if the data was in digital form, that would he preferable.

The problem is not that the data is not currently available in digital form
and_%} full resplution in terms of its use in day to day modeling. .411 of that is
possible providing an approved interface is established between NOAA, NESS in
Suitland and the user. However, an important_element in the preparation of the’
agricultural information data is the historical analysis of climate and the
value that can be derived in terms of establishing agricultural production
trends in the context of climatological trends. It is exceedingly difficult to
perform a rigorous analysis of the climatology of an area on the basis of the
records, if any, that are kegt currently by many national governments. .4
much more useful study can be made by using the satellite data in conjunction
with whatever national data is available.

1.2.2 Metsat Research and Developement

In the field of the development of new meteorological satellites. the advent of
global synchronous meteorological satellites similar to the United States Geosyn-
chronous Orbiting Evironmental Satellite (GOES) will provide synoptic data
over the whole world of agriculture with the possibility of monitoring cloud cover
from pictures sent each 20 minutes, 24 nousaday from such satellites. The
analysis of the contribution of the synchronous satellite to the crop produc-
tion models is currently under study. The polar orbiting satellites, DAPP, and
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the NOAA 8 and 4 vehicles have provided the information that has been
pr|n0|¥)ally used in the work that has been done to date. The next genera-
tion of operational weather satellites, the TIROS series, will provide both
better sBatlaI resolution but equally important, the data will be fully digital
and calibrated so that the utility to precipitation mapping and radiation mapping
will be enhanced.

In the field of instrument development there is in the NIMBUS program a
microwave sensor development program. This affords direct information on
precipitation from clouds, however Tor the present these analyses are only
successful over the oceans and not over the land. Some success has been noted
where the topographic influence on the microwave return is minimal. On gently
rolling plains the data are more interpretable than where the topography is
rough. The most important single microwave measurement that can be made
which will contribute to an agricultural information system is that of soil
moisture.

There is, in the supporting research and technology program in NASA, a
vigorous effort underway at this time to develop a microwave system that will .
provide direct soil moisture measurements at a varletg of depths. At this point
and time, it seems feasible to expect that we will be able to make soil moisture
measurements to depths of about 5 centimeters. Additional research will be neces-
sary to %o below this depth but 5 cms is a very important achievement. The cur-
rent soil moisture models do project soil moisture estimates to various depths
which in theory match the root zones of plants at various ages. On the other hand,
the rooting systems of plants are not well known in all types of soils and under
all kinds of conditions at various ages. If the research is successful in produc-
ing an instrument which can measure soil moisture accurately and directly to a
depth of 5 centimeters, we will have a measurement that is more accurate than
much of the data in the rest of the model and would certainly support the
crop growth and yield models in an early operational agricultural information
system.

1.3 DATASATS

This particular technology although not really an R&D activity on the part
of the Federal Government does have elements in it that have significance to an
operational agricultural information system and which essentially have not been
tested. There are three principal systems involved that can be grouped under
the term DATASATS. The most common, in terms of awareness by the general
public, are the COMSAT/INTELSAT Communication Satellites which are in
use and have been in use for a number of years. A more current and important
from the point of the view of United States agriculture system is the DOMSAT
series which provide the United States with a domestic communication system
with sufficiently wide bandwidth to transmit television pictures in color. The
principal use, aside from watching international events such as the Olympics
on a nearly worldwide basis, for the INTELSAT/COMSAT type of communica-
tion system, has been in international telephone traffic Iargel?fI replacing the
transatlantic cables. The status of communication satellites is that the admin-
istration has determined that they are operational and NASA is no longer -
conducting research and development on these particular systems, There, is,
however, a development activity which will produce a communication system
that is important for the future of the information system we are discussing.
This is a wideband satellite to satellite telemetry system. For example, LANDSAT
imagery acquired over Europe could be transmitted directly via communica- -
tion satellites of this type to any receiving station in the United States that was
equipped to handle that particular communication link.

The most significant point in discussing the data relay satellite is that a
country, for example _Germar(ljy could build a ground receiving station for
LANDSAT. The satellite could be transmitting pictures to the station of the
entire area under the range of that ground receiving station (approximately a
3000 km radiug) and at the same time be transmitting that very same data back
to the United States or to an international station which might be given the
responsibility and authority for the operation of the global agricultural in-
formation system. It does away with the single most perplexing technological
problem in current satellites, that being the tape recorders with their attendant
failures. It should be noted that applying the same scenario to the INTELSAT
network, that German ground recelving station could receive the satellite telem-
etry from a LANDSAT satellite and via a colocated INTELSAT station re-
transmit that data anywhere in the world that has an INTELSAT receiving
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station. This scenario however requires cooperation on the part of all ground
receiving stations in the world so_that the global data is available to either
the United States or to an international body that will conduct the agricultural
information system. . . .

Almost unknown to the general public is the capability of the earth observing
satellites such as LANDSAT and METSATS including GOES to provide a telem-
etry channel for the transmission of data. This particular capability is not
conventional in the sense that people use it for a voice grade lines, rather ground
base instruments such as stream gauges, rain gauges, thermometers, thermistors,
micrometeorological stations including anemometers and barometers, wet bulb
thermometers, etc., have been instrumented in a way that permits the data to
be recorded in electrical form, digitized and multiplexed and then sent from
that particular platform location to LANDSAT or GOES and then from the
vehicle, which merely acts as a repeater, the data is retransmitted back to a
central location in the United States. The Suitland facility of NOAA is the
receiver of the GOES data and in the case of LANDSAT the Goddard station is
the receiver. Currently other stations in the world including some of the unified
S-band NasCom stations are able to read out the LANDSAT system which is
referred to as the Data Collection System (DCS). The bandwidth is relatively
modest, about the same order as the housekeeping telemetry. The information
that is transmitted over this net is exceedingly important from the point of view
of its compatlbllltP/ with a potential operational agricultural system. It is
possible for example to equip all of the synoptic weather stations of the world
with the kind of telemetry that is now available to the LANDSAT satellites,
which incidentally is itself compatible with the telemetry systems on GOES. A
single platform can either transmit to LANDSAT or to GOES. It is possible to
take all these measurements from everywhere in the agricultural world using
LA4NDSAT and retransmit these data to a sufficient number of ground stations
so that global acquisition of surface meteorological data is possible. It is a
rather unwieldy system at present, S|mp3/ because so many ground stations are
involved and so much repeating of the data would have to occur to assemble
it in one place. In the near future when the European, Japanese and Russian
versions of the GOES satellite are placed into their respective orbits, we will
have a ?Iobal capability with just four satellites and four centers. However, it
will still be necessary to retransmit this data to a central location for processing,

One conceivable organizational entity which might evolve is that regiona
agricultural data processing centers would be located in association with the
U. S., European, Japanese and Soviet satellites. It is not necessary that the station
be located in any one of those sponsoring nations but merely within line of
sight of the satellite. In the case of geosynchronous satellite this is a very large
footprint indeed. . ]

In summary then, there has been_a good deal of work particularly in the
LANDSAT experiments on the transmission of data that is important in support
of agricultural information system models. None of these data have been trans-
mitted in anything like an operational mode, but the experiments have been
successful. In conjunction with that is the current availability of INTELSAT
facilities which have an extensive worldwide capability. In addition a global
geosynchronous capability will exist sometime between now and 1980. This
will afford a complete capability for the global acquisition and transmission of
data that is supportive and important to the agricultural information system.
. In my opinion, no additional technological development is required. The most
important single event will occur when data relay satellites are launched and
placed in orbit so that the imaging satellites can dispense with tape recorders.
It will be possible to go from the surface to satellites to satellite to a single loca-
tion on the ground where a global agricultural information system can operate.

1.4 Surface Observations and Measurements

There are a number of collateral data sources that are important to the
operation of a system which is interested in agricultural production on a realtime
basis. These are somewhat non-numerical in nature in that they deal with the
collection of data from current agricultural research reports, the publication
of agricultural statistics by national governments, the summation and pub-
lication of similar statistics by international organizations like the Food and
Agriculture Organization of the United Nations and finally the contributions that
can come in from agribusiness if they choose to cooperate in the operation of
such a system.
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‘The problem that has been cited by both the Department of Agriculture and
by FAQ is that with the exception of a very, very small number of countries, the
‘ data are either inaccurate or incomplete or not received in time. At least two

out of the three problem areas are associated with almost all of the countries in
the world. Timeliness is an issue everywhere and in fact timeliness is one of
the strong motivating factors behind the current LACIE research and develop-
ment program of the NASA/NOAA/USDA team. We need_more timely data
and we need it almost on a continuum throughout the growing season in order
to have the information necessary to make policy decisions. International statis-
tical organizations are really victims of nationaldgovemments in that all they
can really do is publish whatever is provided for them by the national
governments.

If no information is provided by anyfpar_ticular national government, very
rudimentary estimates are made by professionals on the staff of that organiza-
tion. Agribusiness finds the current accuracy and availability of statistical data
on agriculture so wanting that they have had to create a staff of employ-
in the important countries where they do business; there to provide them with
their own estimates of production so that they can manage their own trans-
gortatlon,.warehousmg, sales, etc. In the past three %/_ears,, our dealings with the

oviet Union have forced us to look at the accuracy, timeliness and completeness

of Agricultural statistics with the same degree of urgency and need that has
always been the case in the industrial side of agriculture.

2.0 Data Processing

Data processing is set out separatela/ because of the impact that this particular
technology has, not only on cost and schedule, but also because of its impact
on the user, It covers that part of the technology that deals with manipulation
of the satellite data in preparation for delivery of a product to the user whether
that be a government agency like the Department of Agriculture or an individual
experiment investigator. The two principal products out of the processing line are
pictures and computer compatible tapes. The scheme that has been developed by
NASA for preparing the data, that is converting the satellite telemetr_% from a
high density digital telemetry tape to a picture or to a computer compatible tape.
involves a number of steps. In the case of the picture, the digital data goes through
a computer where it is corrected for geometry distortions, referred to as system
corrections, in which the effect of the rotation of the earth under the satellite
is corrected. There is an additional correction possible using the attitude sensor
on the satellite. The attitude of the satellite relative to true vertical is calculated
and those corrections can also be made in the scene. In addition to geometry there
Is a radiometric correction made. This is necessitated by the fact that the detec-
tors in the sensor do degrade with time. One or more can fail, thus it is necessary
to checdk the calibration frequently and make the radiometric corrections as
required.

he computer compatible tape on the other hand is neither geometrically nor

radiometrically corrected. The data is merely reformatted from high density
digital tape (20,000 bits per inch) to computer com#)atlble_ tape .(conventlonalla
800 bits per inch. ) It is the responsibility of the investigator to make the -
geometric and radiometric corrections necessary in the tape.

2.1 Deficiencies
The principal complaint on the part of the users of LANDSAT-1 data was the
selected scale of the imagery. The high density digital tape was used to drive
an instrument called an electron beam recorder which wrote an image line b
line at a scale of approximately 1:3,000,000. That particular scale is so small
that essentially none of the users of the data had experience at working at that
scale. The ground data processing facility also produced an image at a scale
of 1:1,000,000 which was derived from a photographic enlargement of the origi-
nal 7o mm scene written on 230 mm (9 inch) format, This product was ac-
ceptable for a few applications, principally studies that involved regional
?eology or studies that involved the mosaicking of a large number of LANDSAT
rames. Where ver% large regional 80|08IC structures were the subject of in-
vestigation, then the scale of 1:1,000,000 and the mosaicking of that format
proved to be a very appropriate tool. However in almost no other case was the
1 :1,000,000 scale u?]eful The ori mall BO mm mat%flal was meéely tr%ated asha
file copy'for use in the photographic laboratory and either NASA produced the
imagery at 1:1,000.000 Or the user did with his own enlarger. However, where
the user required larger scales, including scales of 1:250,000 or greater, the
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investigators that were most successful were those who made the 1:250,000
scale enlargements from the NASA product which reached them at a scale of
1:1,000,000. This is a simple 4X enlargement and does not require an expensive
($5,000) enlarger lens. The 4X enlargement was made from nine inch film which
is standard aerial photographic format. There were fortunately many users that
were able to bring this rather simple technology to bear on the problem of
processing the data into a format useful for analysis.

The other problem in the pictures proved to be that of contrast. The photo-
graphic rendition in every case contained 100% of the grey scale information
that was available on the satellite telemetry tape. On the other hand, that in-
formation was frequently biased at one end of the grey scale spectrum or the
other and the material sent to the field was practically unusable. A good example
is to consider the reflectance that one would expect to get from the desert
during mid-summer where sun angle is highest. The return is very, very bright.
This produces a very, very dark negative and indeed the “dark negatives” from
the NASA ground data handling system created a very difficult problem for
many investigators during the first summer of the data gathering mission of
LANDSAT-1.

In the case of the computer compatible tapes, the principal deficiency is
that of format. Prior to a recent decision by NASA to change the format, a
LANDSAT scene covering an area on the surface of 185 X 185 kilometers was
sent on four tapes. The format was a 25 mile strip of band 1, 25 mile strip of
band 2, a 25 mile strip of band 3, and a 25 mile strip of band 4 each on a separate
tape. The 25 mile strips put together made a 100 nautical miles which is the
equivalent of 185 kilometers. That kind of format is useful for a certain analyti-
cal procedure and perhaps those people who are interested in a small portion
of the scene who defend the decision to go with 25 mile strips, but Murphy’s
law would almost guarantee that the area of interest would be on the extreme
edge of two tapes rather than being in the center of one 25 mile swath. Tape
density was principally 800 bits per inch whereas 1600 bits per inch is a more
cost effective format. The current decision of NASA will change to 1600 bits

er inch. The decision also affects format and the combination of chan%igﬁ
0 1600 bits per inch and changing the format will permit NASA to recor
of a LANDSAT scene on one computer compatible tape.
2.2 Rcscarch and Development
. There are some important R&D tasks underway that have exceedingI%/ useful
implications for the subject of an operational agricultural system. In the first
place, from the point of view of pictures, NASA is planning to go from the
electron beam recorder to the laser beam recorder. That will mean that the
recording device can have the caﬁablllty of accepting data from the next genera-
tion of multispectral scanners. These have 30 to 40 meter spatial resolution and
seven channels of data as opposed to LANDSAT with 80 meter resolution with
just four channels. In addition the device can be implemented to record in color
as opposed to black and white which is all that is presently available.
_ However, the most important attribute of the Laser Beam Recorder is that
it has been implemented to write on the large format, that is the 1:1,000,000 scale
format. In analysis done of the information content of LANDSAT 1 indicates
that if the original image is written at a scale of 1:1,000,000, and if further
enlargement is done photographically with reasonably high quality photographic
leases, with careful processing of the data, that all of the resolution of LANDSAT
will be equally available to the photographic interpreter as is now only available
to the analyst who uses computers to aid him in the presentation of the data.
This means that the princ_iloal Complaint of the users, that being the very
small scale of the image, will be solved in the very near future. In the digital
field, the research and development is equally encouraging. NASA is acquiring
a facility which will employ the very latest hardware and software as sort of a
model for the users and available to the users for the interpretation of data.
Although this facility is in fact an analytical facility, there will be an op-
portunity to employ the best and latest software and hardware in the processing
sﬁ e a]ls v.vlt_e{I as the analytic stage. Both NASA and the users can take advantage
of the facility.

2.7 Issues

The principal issue facing the community of LANDSAT users between now and
the time when an operational decision will be made is the one of the definition
of the role of the satellite. Is it proper to perform quasi-operational or even
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operational tasks with a so-called experimental vehicle? For many of us, the
experiment phase of the program was finished when NASA demonstrated that
LANDSAT 1 worked successfully in orbit. The satellite provided color-in-
frared imagery of the earth. The supporting research and technology program
had for the previous five years demonstrated the value of color-infrared imagery
of the earth, and the experiments performed during that phase concerned them-
selves principally with operational activities of the Federal Government in the
three departments that were the principal interface with NASA, the Department
of the Interior, the Department of Agriculture, and the Department of Commerce.
Thus the issue of format and through-put is a very real issue and always has
been. It may on the one hand be correct to avoid spending the money necessary
to achieve what amounts to an operational interface between NASA and the
users during an “experimental” program. The impact of that decision, how-
ever, was very negative on a whole body of investigators whose application, by
the very nature of it, required a very fast turnaround time between acquisition
and delivery of data in an immediately useable form. . o

A second question is related to how far NASA should go in providing rather
sophisticated processing of the data for the group of users that are the genera
interface in this program. For example, any data that is going to be delivered
to users in pictorial form can go through a number of preprocessing steps. Each
of these has an impact on the quality of the data, and each of them is character-
ized by the fact that the more sophisticated the processing step the less sophisti-
cated the user needs to be in the analysis phase. It is very nearly axiomatic
that there is an inverse relationship between the skill of the user and the degree
of complexity required on the part of NASA in the processing stage.

A few examﬂles can illustrate the problem. In addition to the geometry
correction for the earth’s rotation which is called a deskew algorithm, and the
s%/ste_m correction of the radiometry, the |maﬁe could very well be squared so
that it approaches a map-like quality before that data is delivered to the user.
He then can fit this image to a map of some specified scale without having to
go through any further steps. ) ) ) )

Secondly, there is the issue of black negatives discussed prewousg/. The images
can be equalized so that there is a balance between the two ends of the gray
scale spectrum and instead of having a black negative the investigator gets a
negative with very high contrast. In cases where the gray scale content of the
scene is less than the dynamic range of the film, the scene can be stretched
$otthat teven very subtle shades of gray are discernible to the photographic
interpreter.

Third, certain image enhancement algorithms can be performed on the data.
One such algorithm enhances edges and is very useful from the point of view
of the agricultural scientist because linear features, such as field boundaries,
roads, etc., are enhanced, and this increases the interpretability of the data
considerably. ) ) )

Fourth, it is possible to enlarge the data in the computer so that the delivered
image can be played on an image recorder having been enlarged digitally.
There is no Fhotographlc step between the acquisition of the data on high-
density digital telemetry tape, and delivery to the user of a scene as large as
1:100,000. The resulting picture made from such a tape is extremely useable
to any investigator, since there is no loss in image quality when the processing
is done in the computer. ] ]

If desirable and necessary, a team could be made up of agriculturalists, hy- .
drologists, geologists, soil scientists, and the like, each of whom would speci
from among the library of programs what the final format should be for eac
scene that Is going to be analyzed by one of his fellow disciplinarians. Agroc-
essing recipe book could be prepared Tor pictorial presentations of the LANDSAT
data for each of the resource areas. o .

Finally is the issue of budgets. Perhaps the most serious issue with respect
to responsibilities and where those responsibilities cease, is related to the budget.
If for example the Department of Interior budget is the source of let's say
analﬁ/tlcal hardware for the program and that budget is cut, then the entire
earth resources survey program suffers. and not just the Department of Interior
program. Similarly, if the Department of Agriculture budget is cut. it affects
not just the Department of Agriculture, but practically all vegetation-related
studies. NASA has been fortunate in that the designation of the program as
“experimental” has had the advantage of permitting NASA a very wide flexi-
bility in terms of devoting resources to the further development of applications
which might on the face of it be purely the province of the Department of



325

Agriculture, or purel¥ the Rrovmce of the Department of the Interior. For a
number of years now there has been a mechanism for the previous review and
submission’ of ‘a joint budget. The Administration formed a committee which
coordinated the entire R&D program; they follow the conduct of the research
and devell&oment; they approve program content and they approve budgets. The
Office of Management and Budget has cooperated to the‘extent that the agency
examiners have worked together on the program as an entity. The General
Accounting Office has in fact stated that the Earth Resources Survey Program
was a model of_how an inter-agency research and development program should
be conducted, The pr_muﬁalcproblem related to the project has_resided in the
fate of those budgets in the Congress. It is not the purpose_ of this paper to dis-
cuss the legislative history of this program, but it is possible for the Office of
Technology "Assessment to review the inter-agency documentation including the
budﬁﬁ;t material since the inception of the inter-agency committee responsible
for the program, and then to com{)are that with the fate of the budget, depart-
ment by department, over the past several )t/ears. The impact of these budgetary
roblems has been diffcult and it is in fact a credit to the program managers
hat the program enjoys the maturity that it does today.

3.0 Data Analysis

This section can be thought of as being in three parts. First there are the
analytical methods, using only man. These are classical photointerpretation tech-
niques, somewhat modified bécause of the synoptic view of the data. The conven-
tional aerial photograph is usually acquired at a contact scale of 1:200,000,
although there are lots of newer materials at scales of 1:100,000 and smaller
from high altitude aircraft. The scale of the original LANDSAT material pro-
vided by NASA is as stated before, 1:3 million, and much of it provided at a
scale of 1:1 million. One of the most important findings of the extensive experi-
ments that were done with LANDSAT concerning the productivity of the photo-
interpreters to get a job done is that for agricultural analysis. It was not unusual
to find that the interpretation was able to be done 20 times faster on the
LANDSAT imagery. This is not due_to any other intrinsic value of LANDSAT
beyond the fact that it provides a single image on which to work as opposed
to the hundreds of images which would be recujlred to make up a scene as large
as the LANDSAT scenes strictly from aerial photography at almost any acquisi-
tion scale. For example, at a contact scale of 1:20,000, it takes more than 6,500
conventional air photos to make a single LANDSAT scene.

The second analysis method is completely automatic. There are a number of
com?uters that have had LANDSAT analysis performed on them. Among them
are IBM, UNIVAC, CDC, HONEYWELL, Digital Equipment Com&any, ewlett-
Packard, XEROX, and.fmallal one of the largest computers the United States
government has ever built, ILLIAC--1V. This machine is in the custody of NASA,
and is at the Ames Research Center in Mountain View, California where it is
shared with the Lawrence Radiation Laboratory as a national facility. Some
rather interesting capability studies have been done concerning the ability of
ILLIAC-1V to provide the operational support for an operational LANDSAT
system. Because ILLIAC-IV has a storage capacity of 1 trillion bits, it is possible
to store the United States in multispectral form, at full resolution, in the
machine, and to perform analytical tasks on the country as a whole. Thus a
national data base would be able to be updated, used, analyzed, measured, etc.
in essentially real time. . o ) )

The third and last method is the combination of the first two: a man/machine
mode, The concept behind this technique is that one should really let man do
what man does best, and let the machines do what they do best. After some 10
years of working this problem, it is possible now to state what those parameters
are. Man recognizes shape and integrates a scene, coming to a spatial conclusion
about that scene almost infinitely faster than a computer. On the other hand,
man is a very poor judge of color. Man% eyes are logarithmic sensors, which means
that it takes a 10% change in reflectance before man notices that color has
changed. Consider the accuracy of the radiometer that is on the very first
LANDSAT vehicle. The sensitivity of the multispectral scanner is 3%. Expressed
another way, the MSS is 3 times better ‘than man’s eyes and with the potential
to é;row much more sensitive than that. The machine does the color analysis,
and separates things on the basis of color, man does the spatial analysis and
separates things on the basis of shape. . . . .

n terms of available equipment some of the universities haye participated in
the development of this man/machine interface concept. A principal university
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charged with this responsibility from the point, of view of hardware develop-
ment was the University of Michigan, specifically the Environmental Research
Institute of Michigan, formerl illow Run Laboratories of the University, of
Michigan. There has been industry support; the Bendix Corporation and the
General Electric Corporation have produced off-the-shelf analytical man
machine hardware devices. These are starting to be used. There have been sales,
in this country for sales in Europe, and they are extremely useful machines, most.
of them built on. the same principle, slightly different in terms of complexity and
what each machine can do. Nonetheless, both are candidates for any operational
decision for the analysis of LANDSAT data in an agricultural ‘information
system.

3.1 Data Analysis Deficiencies

The deficiencies in data analysis stem Iar%e'l}/ from the small’ support that has
been able to be afforded in thé program. LANDSAT is a digital data gathering
machine. It follows that most of the serious investigations should have been
at least man/machine-oriented, or even totally machine-oriented. However, a
review of the some 300 experiments on LANDSAT indicates that relatively few
were supported by proper digital equipment. The supporting research and tech-
nolodgy program, however, has created a few university centers of excellence.
Purdue Umversntg and the University of l\./llchcligan are’two of those, and most
of the work that has been done in the digital data analysis has been done by
those two organizations, The work that has been done gives us confidence that
given the proper technical approach to the problem it is feasible to set up a
system which employs both men and machines to perform an agricultural task
on a global basis,

3.2 Research and Development

The principal R&D in the field of data analysis today is in the further ex-
ploitation of the man/machine concept and as a refinement, a serious look at
the issue of analog versus digital analytical techniques, Some investigators feel
that the state of research and development in the digital computer Tield is so
dynamic that it is not wise to spend a great deal of money on analog techniques
in the Earth Resources Survey field. In principle, the analog device is exceedingly
fast, but it is fairly inflexible, and it is somewhat destructive of data. This'is
exemplified by the fact that playing an analo%tape over and over again does
indeed destroy some of the voltage records on that tape; whereas the repetitive
playing of a d(ijgital tape does not destroy the numbers, although there is an error
rate associated with all digital tapes and tape recorders. On the other hand, there
is the issue of a tremendous data volume generated by a multispectral instrument
in space, especially on the global scale, and a desire on almost everyone’s part
to perform the analytical function as fast as possible. Aside from the magnitude
of the data, there isthe realization that the satellite is going to repeat its orbit in
18 days and that is a very short time indeed, to complete the analysis of that data.
This is further complicated by the fact that if there are two satellites then we
have twice as much work to do. Therefore, there is a serious look at what is known
as a hybrid device where certain tasks are done in analog fashion and certain
done in digital fashion. The other school of thought holds that digital devices .
gre_becomlng so fast and so cheap that one should not invest in hardwired analog

evices.

The Italian ground station for LANDSAT has two programmable digital micro-
processors which can reformat the satellite telemetry in real time and can present
the data in a format that permits the ground station to either go to a photographic
line for reproduction or go right into their analytical line for analysis. It is not
necessary there to create computer-compatible tapes although the station is
designedto do that for other users. This digital device, the programmable micro-
processor, is sufficiently fast that the high-density digital tape is subjected to a
series of complicated arithmetic steps in real time.
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These devices permitted the Zaire ground station design to employ a two-shift
mode of operation wherein the first shift uses the system to produce photography
and computer-compatible tapes for the customers within the footprint of that
ground station, and the second shift uses the identical equipment to produce
analytical tyPe products including the analysis of data in digital form, and the
production of analyzed photographs in which objects in the scene can be color
coded. This concept is most cost-effective for a country like Zaire or any similar
regional ground station.

These new concepts are solely the result of this new very fast, very flexible,
programmable digital device.

3.3 Issues

The principal issue in data analysis is organizational, and this is related to
cost. It is possible, for example, to'design acentral data processing facility; if
you will, another Sioux Falls EROS Data Center, this one, however, being de.
signed specifically for the analysis of agricultural data. It is equally possible to
design a central processing station with regional analytical centers. These analyt-
ical centers can be of two types. One type could be where the orientation is
geographic, and the center would be located in the geographic area for which
it was responsible. The second orientation could bé subject matter, wherein
all of the crops would be clone at one regional center, all of the range and forestry
studies done at another center, and all of the maps made in still a third center.
It is true that cost savings can be accrued by centralization, especially with
systems like LANDSAT and METSAT. One has to determine whether or not
the input to a regional analysis center is in fact repetitious for the data processin
center or whether each is different in nature. Put another way, do the specialize
thematic analyses reciuwe the very same data regardless of their task? If they do
then that argues well for centralized data processingand analysis centers where
you have one machine doing processing and feeding a number of stations wherein
the %pecial ?tudies ar(i(conducted. .

The analysis work done to date tends to further support the centralized
facility. The activity at Purdue University is typical of the success of putting
together a complex, multi-disciplinary group of people who came from a variety
of "backgrounds; from mathematics, statistics, physics, computer sciences,
agronomy, soils, forestry, range, meteorology, hydrology, etc.

These scientists came together under one roof. The organizational entity was
not merely a paper chart, but a real physical plant where they were separated
from their otherwise parent institutions and where they learned over a period
of time to work together. The synergism that resulted from that decision was
real and mensurable. The programs achieved in a very short time by the Laboratory
for the Application of Remote Sensing at Purdue was sufficiently important that
NASA recognized Purdue as a center of excellence in the field of digital data
processing. ) )

_If the 8ongress undertakes, or if the Congress directs the Department of Ag-
riculture to undertake, this global food information system, I recommend strong
that a centralized data processing and analysis facility be created for the staff
that will operate it. The author undertook to do an analysis of a similar situa-
tion for the Food and Agricultural Organization of the United Nations. It was
recommended that the data processing and analysis group become a self-con-
tained, separate entity in FAO. In an operational unit, such as the one designed,
that cuts across organization lines, it is useful and certainly desirable for the
unit to have autonomy for at least two reasons: First, the contributing parent
organizations can and will make demands on the time of their personnel assigned
to such a job; and secondly, the value of some of the by-products, such as the
ecozone maps, may create a demand for that product which will interfere with
the larger task which is the creation of an agricultural information system. A
functional organization chart of the data processing and analysis unit is included
as Figure 2.
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4.0 Models

There are three types of models currently employed in the development phases
of the earth resources survey program that are applicable to agricultural infor-
mation. These are 1) science modeis, 2) management modeis, and 3) economic
models. It is correct to consider that 1 and 2 together constitute the basis of
an economic model, except that the science and management models need not have
the economic multipliers. For the purpose of this paper, two science models re-
lated to agriculture and one management wmodel related to agriculture will be
used.

4.1 Crop Production

The classical approach to the statistical reporting of crop production in-
volves the design of a sampling system which considers the total population of
the crop or crops involved, and draws statistically valid samples on a geographic
basis with a frequency that is appropriate to the phenology of these crops. In
countries where the agricultural statistical services are considered to be well con-
ceived and operated, the selection of the location of the sample areas is done
on a random basis within an ecologically defined “crop reporting district,” as is
the case in the United States. However, the classical statistical approach does
not make any use of agro-meteorological data except as the sample data manifests
the plant environment into actions expressed as changes in estimates of yield

fram ana gamnla narind +t0 tha nayt Tha hagip limitatinn af thig gfatiqtienl an
LIV VLT Salupic PeiivQ LU e Ui, LUC Dasit uiliitativi oL tiiis Sravisufar ap-

proach is in the inherent impossibility of timely predictions, particularly early
in the growing season.

The sample only provides estimates that reflect what has occurred in the
plant from planting to sample time. If the plant moisture and heat conditions
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remain optimum until harvest, good estimates are possible. It is important to
point out that the “excellent” accuracies attributed to currently accepted methods
are all based on sample data collected during the period just prior to harvest. In
the case of the agro-meteorological approach, the primary advantage = is time-
liness. The diagnosis of the plant environment interaction provides daily esti-
mates of yield cthanges. The application of reasonable skills in short-range fore-
casts (seasonal or yearly) permit the projection of the evaluated data on
daily yield changes to the end of the growing season. One’s confidence in the
projection grows each day, and one can project that confidence with the same
rational expectancy without mounting the vast manpower that would be re-
quired for daily ground sampling. The agro-meteorological approach to crop
forecasting has been used in limited regions of the world for many years. In
recent years the Canadians have applied agro-meteorological approaches to wheat
forecasting with_excellent results. These results reflect the fact that given ac-
curate meteorological data and plant stress, wheat is well enough understood
Ph?/siolo ically to permit ¥|eld predictions for large areas in spite of the within-
ield and field-to-field yield variability that is inherent in ground sampling. A
block diagram of the production model is Figure 3. The model s based on the
simple equation Yield X Hectares= Production. The yield modifiers, including
water, soils, thermal units, and photoperiod, are all numerical inputs from the
LANDSAT and METSAT data in combination with data from the World Meteor-
ological Organization synoptic weather stations. .

Hectares are modified by water and physiography, both derivable from
LANDSAT data. All of the other modifiers, both to Yield and to Hectares at
this point in time, are derived from thed'udgment of professionals in the various
fields. Principally, these inputs are used to weight production, and are provided
by the expert opinion of scientists which must determine, in their best profes-
sional judgment, the influence of plant pests and genetics as modified by agri-
cultural practices, and the amount of agricultural technology that is in use and
its effect, and finally the policy of the national government and the impact of
that policy on production.

CROP_PRODUCTION MODEL

FIGURE 3

Some technological innovations can have results on both sides of the equation.
Irrigation is a good case in point. New land brought into production because of
irrigation adds to the Hectares side of the equation, whereas there is expected
increase in Yield when irrigation is applied to presently cultivated land. When
all agricultural land is brought under irrigation, any new dry farmland is usually
located on the poorer soils remaining, particularly in those countries where good
agricultural land is scarce. It is recognized that basic data on this subject is ex-
tremely poor in nearly every country where it isobvious that irrigation is im-
portant. It is another instance best where it is fairly easy to make parametric
statements about technology whereas it is frequently difficult to get accurate
cause and effect statistics.
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4.2 Plant Pests

There are several aspects of the approach to plant ﬁests (insects and disease)
control and eradication that lend themselves to the use of modern remote
sensing and surface observation and measurement. While it is not possible to
inventory the pests themselves, i.e., insects, bacteria, viruses, fungi; .it is possi-
ble to inventpr?/ the host plants using remote sensing, and in addition, it is t're-

‘ quently possible to detect the effect of the pest on the plant using this new tech-

nology. Similarly, while it is not possible to remotely detect the emergence of an
insect or the onset of the spread of disease, for example a spore shower, it is pos-
sible to monitor the environment and in particular those factors that control these
ﬁhenomena; temperature, moisture, number of daylight hours, etc. Algorithms .

ave been developed which can merge these alphanumeric environmental
parameters, with satellite information, with a spatial precision equal to the
resolution of the imagery itself. This permits surface point measurements from
in situ sensors, for example, hygrometers, thermistors, etc., to be generalized
over very large areas of the ima%e. The conventional approach to the generaliza-
tion of a point measurement between collecting stations, for example soil
moisture, is to treat it as a continuum between stations, or as a gradient between
stations depending on whether the values at the stations are the same or dif-
ferent. Neither is necessarily correct. The acquisition of full resolution meteor-
ological satellite digital tapes permits one to map rainfall distribution accuratel,
using the surface meteorological station reports as control. Even in the absence
of ground stations, qualitative maps can be made. )

In addition to image processing and image correlation algorithms, software
has been developed to combine plant growth (phenology) models with predic-
tive climatological, equations into an agro-clima_tolog,\% model, admirably suited
to plant insect and, disease modeling and forecasting. Modeling implies numerical

: equations expressing the reaction of the vegetation to energy as either direct

(solar) or converted nutrhentg. It is. necessary to ccinsdder tlae total plant
environment. Plant growth models are reasonably well advanced and for some
species have progressed to the point where simulation algorithms are very
accurate, reacting precisely to a variety of environmental pressures both suP-
porti\(eland subtractive towards plant growth and the yield of harvestable
material.

Figure 4 represents the structural diagram of the plant pest model and is a
classical epidemiological model used for disease processes in plants and animals
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as well as man, Note that. there are two groups of factors acting on the host
plant; those called Intrinsic factors which are internal to the plant and over
which there is relatively little or no control, and those that are Extrinsic, or
external to the Plant, which are somewhat more variable and in some cases con-
trollable. All of these factors can act in a positive or negative way to either
assist the plant in throwing off the attack of the invading organism or acting in
a negative sense in creating an environment which is very favorable for the
success of the disease organism.

4.3 Management Model
LAND USE

The land use model falls into the category of models which are more descriptive
and narrative than they are numerical. Figure 5 shows the orderly conduct of
an analysis function by a multidisciplinary team of earth resource scientists to
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create any one or all of the five products that can come from this kind of a land
use analysis. As indicated in the _dlaﬂram the first task performed is an analysis
pry a hydrologist of the drainage, in the form of an overlay to a LANDSAT image.
The overlay 1s then passed to a geologist who uses this analysis to produce two
independent overlays; first the surficial materials, and second the geology over-
lay. These three products then go to the soil scientist who now has a benefit of
the drainage patterns which show him the transport media for the soils, and
the geologic materials which assist him in the analysis of the parent material of
the soils. These two documents assist him in the preparation of soils maps. All
four of those documents now go to the vegetation analyst. It is at this point in
the analysis that there is a good deal of interplay between the four scientists
who have participated thus far, and the vegetation analyst interacting with the
soil scientist can improve the soil survey. Similarly, the vegetation analyst inter-
acting with the geologist can improve the geological overlay. The inverse is also
true, that the geologist, hydrologist, and soil scientist participating with the
vegetation analysts can improve the vegetation overlay.
he transportation and cultural features overlays can for the most part pro-

ceed independently from the first five tasks. Although if the %ob at hand is the
design of a transgortatlon net or the design of the location of a new town or a
new urban area then the engineers who would be doing the transportation over-
lay and cultural features overlay in fact need the inputs from the other four
scientists. If, however, it is a case of straightforward production of a national
map series then the job can be done independently.
_ The team, when finally finished with their independent tasks and with their
joint tasks come together, usually under the leadership of a geographer, and
perform a land use analysis. This analysis is s euflcallal focused. 1t may be an
intensive agriculture development task or the job at hand may be to improve the
range, or to develop a new transportation system, or an urbanized area, or an in-
dustrial site selection. .
_ In the Mock diagram note that there are arrows at right angles to each of the
integrated tasks which are arrayed vertically. This is meant to imply that there
is independent value for each of these overlays.

) 1I.dThe drainage map combined with topography can be used to create a water
yield map.

2. Surficial materials maps showing sands and gravels by themselves are use-
ful en%meermg data.
3. The geology map is a useful document for a mineral and petroleum explora-
tion.

4. The soils map, although it has a variety of possible uses, has principally been
used in agriculture to indicate the limitations to agriculture development.

5. In actual practice most ecology maps are in fact vegetation maps. They may
be either natural or man-made ecosystems; nonetheless the principal use for vege-
tation maps beyond agricultural inventory and development is in the field of

ecology.
6. 1% national maps, and in fact most maps available to the average car
driver, contain information on transportation and cultural features.
The reason that this iterative approach is considered a management model is
that in practice the use of this type of analysis has been princiﬁally a manage-
ment decision tool to assist in the prioritizing of development schemes.

4.4 Economic Models

This paper does not deal specifically with economic models. There have been a
number of cost-benefit studies performed relative to the use of remote sensing and
principally LANDSAT data in the natural resource field. One of the more valid
criticisms ‘of these efforts has been that cost-benefit studies were undertaken be-
fore all the answers were in. This is a_?erfectly legitimate criticism, and in fact
it is quite correct to say that we are still learning what can be done with LAND-
SAT data. A review of the section on METSATSs will show that there are appli-
cat(ijons cited for METSATSs which are not at all what the satellite was designed
to do.

5.0 Management Alternatives

This block is really the end of the function that has been served by the data
processing and analysis group. They have taken the data from the satellite and
from the field and have processed it and analyzed it; they have run it through
numerical models of a variety of types, and the final product is a series of alter-
native decisions. It is not the purpose of the staff to make those decisions. That is
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left to another group, and as is seen in Figure 1, they are the central figure of the
block diagram around which the whole system revolves. They take these manage-
ment alternatives and make a decision. In the field of natural resources the
decisions are usually associated with the exploitation of the resource or its con-
servation. From that decision process can also flow a request for additional
information. That takes us through the information requirement block, which is
referred to as the management feedback loop starting the data acquisition system
working, and the entire process repeats itself. . . .

Conceptually this is the final point in the design of an information system.
There is a very large body of technology available. There is much more to learn,
but it is not correct to presume that the decision to go ahead is necessarily de-

endent on the results of the current efforts, especially in the LACIE pro?ram.

here have been enough positive results that are sufficiently important for an
operational system to be designed around the established capability of the LAND-
SATs and METSATS and the learning process could go on. There is no reason to
delay the decision simply because there is more to learn. There will always be
more to learn, and that process will be enhanced by the fact that there is an oper-
ational base to the program.

6.0 Ingtitutional Questions

There is a very real concern on the part of many countries about the legal and
institutional issues raised by a food information System. Even if national sover-
eignty were not an issue, the protection of the data would still need to be consid-
ered because of the opportunity for unscrupulous speculation in the market place.
There are at least two precedénts which are instructive concerning the handling
of natural resource data. There are really five issues involved: .

d 1. Giving the owner (the country) the first opportunity to benefit from the
ata.

2. Giving everyone in the market place an equal opportunity for fair trade.

3. Providing for the security of the raw data.

4. Providing for the security of national aggregated data. )

5. Providing the information necessary for the food information system to
function effectlveI%/. . ) )

The precedent for (1) is found in a method employed by the U.S. Geological
Survey in conducting gep(;)r&ys!cal surveys of very large areas. In this case the
owner of the land is provided his copy of the data, derived from his property prior
to the publication of the results. A similar convention for the food information
system can easily be employed. The precedent for (2) Is found in the present
system for handling agricultural statistics by the Statistical Reporting Service
of the U.S. Department of Agriculture. The results are released to the public in-
formation media at a prescribed time and in a prescribed format in order that
no one in the market place has an advantage over anyone else. . .

A similar global system can be set up on a north-south hemispherical basis,
crop-by-crop, for the species selected for inclusion in the system. The best security
approach to issues 3 and 4 is to assign the responsibility to an acceptable body
and to permit it to establish criteria and procedures to be approved by the coun-
tries concerned. Fmall?/, in order to meet the stipulation of issue5, the responsible
authority would regularly report regional aggregations of these data which would
serve to implement the intent of the early warning Fart of the system and would
semi-annually report on a north-south hemispherical basis the data which would
implement the food information system as a whole. N

t may be undesirable to handle the situation of the secure facility by the usual
method of employee security clearance and by the physical security of the plant
concerned. There are, however, ways of handling the data so as to protect it. It
would be advisable in any case to take measures to provide for the security of
the data base. Since it would be in computer form, it would be necessary to pro-
tect it from inadvertent modification and/or erasure. It is an additional step to
provide for complete inaccessibility of the data base via security algorithms.
Thus, changes, updates, etc. become procedures which assure major importance
requiring_the assistance and supervision of a security officer. )

These issues may at first appear to be somewhat melodramatic. But they are
very real issues which may be the key to coofperatlon on the part of many coun-
tries. Those who remember the first world food conference will recall that the
issue of national soverelgntal proved to be the principal cause of its failure.

The recent World Food Conference recommended that Food and Agricultural
Organization and World Meteorological Organizations take the necessary steps to
implement first a global early warning system wherein there would be advance
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warning of serious adverse agricultural conditions in countries, and would
Ig_rovnde. sufficient warning that the necessary steps can be taken through the
Food Aid Program to provide assistance. Secondly, that FAO improve its exist-
ing food information system. The World Food Conference even went so far as to
recommend certain technological steps to achieve these ends, particularly some
of the steps that have been recommended in this paper dealing with crop modeling
and agrometeorology. )

It is appropriate that the Office of Technology Assessment consider the char%e
given to FAO and WMO in the light of the realization that much of the tech-
nology that could be brought to bear on this problem exists only in the United
States; that is, the technological wherewithal is here. There is sufficient scientific
talent and sufficient support staff in WMO and FAO in their international offices to
provide the manpower required. But the hardware and much of the software
exists only here, and certainl(}/ the state of learning on the part of these very
well-qualified agricultural and meteorological scientists with respect to the re-
mote sensing satellite portion of the technology is not comparable to what is
available here in the United States with U.S. scientists.

. There is a precedent in part. The World Oceanographic Library is organiza-
tionally located in NOAA. It is only partially a precedent because the library itself
has no holdings. That is to say, the actual data is resident in many different lo-
cations all over the world, and the library is merely a reference center which
collates and keeps track of and publishes listings of all of this data. The difference
here would be that in addition to an international facility being located in the
United States, it would be a functional facility which would have holdings. It
would keep raw data, and there are therefore a whole variety of new sensitivities
which have to be considered, Finally, however, it should be pointed out that in
debates in the United Nations concerninﬂ this program it has been stated that
if the institutional problems are solved, the national sovereignty issues are very
likely to abate.

The principal fear that many of these countries have is that there will be
exploitation of their natural resources by multi-national corporations or extra-
national organizations who have more information about the resources of the
country than the country has of itself. The fact that this may have always been
true is a non sequitur. The presence of the LANDSAT satellite photography and
the'gollcg that NASA has adopted relative to the open skies and free acquisition
of LANDSAT photography everywhere in the world has raised the issue afresh.
If some method could be evolved wherein these countries would feel that they are
%ettmg as much information about their country as anyone else can get, and that
they are getting it in the same time frame, then the issue of national sovereignty
would become small indeed since the opportunity to exert their national will more
logically comes during the licensing and exploration phase rather than in the satel-
lite inventory phase. = =

In addition to the institutional questions which are related to the international
acceptance of the program, there are those which concern the missions and roles
of agﬁnues both national and international. Perhaps the most important deficiency
in the system is the current state of surface meteorological observing stations.
They are for the m@ part designed to serve the needs of civilian aviation. It is
difficult in many cases to use the information because of the location of the
station. In all casés it is necessary to do a careful analysis of the terrain around
the station before attempting to extrapolate the measurements made at that
point to the general area. This task Is part of the ecozone mapping function. The .
interesting part of this problem is that while it is fairly easy to use an observing
station designed for agriculture to meet the needs of civilian aviation, the reverse
is not necessarily true. WMO has recognized this problem and has assured FAO
that in the future they will recommend to their member governments that the
needs of agriculture be given prime consideration.

The fact that WMO can only recommend, is in itself a problem. The WMO is not
an action agency and does not design and build observing stations. Agricultural
weather forecasting requires many more stations than are presently in the
Synoptic Network. It addition, if the existing climatic stations are going to con-
tribute to agriculture they will have to report at the very minimum each 10 days
instead of each 30 days as they do now. Here again, WMO can only recommend.

United States agencies are for the most part properly structured, staffed and
funded to ﬁartlmpate in the system. Agrometeorology“is perhaps the most ne-
glected of the contributing sciences. This deficiency is In part related to the lack of
aclearly expressed need at the State and local level, as well as the Federal level,
but also in part because our educational system produces less than 100 agro-
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meteorologists fit the Ph. D. level per year. It is interesting to note that the USSR
produces 500 such scientists each year. Before one dismisses this as an irrelevant
observation, consider the fact that the USSR has consistently entered the world
marketplace, buying wheat well in advance of their own harvest.

The importance of the program to the developing world, to national govern-
ments in the developed world; to the United States Government, in its concern
over its national agricultural programs as well as its foreign aid programs in
agriculture~ are best illustrated by a final review of benefits of the pro]gram. These
benefits flow from the successful implementation of a capability to forecast the
production of the important food crops. The expected order_in which this could
occur would be Wheat in year 2; Corn (Maize) in year 3; Soybeans in year 3:
Rice in year 4; other major crops in the ensuing years as the physiological
mogtlals are developed. This information is vital to the following management
problems:

1. Import/Export policy. . .

2. Allocation policy for: Seed, Fertilizer, Pesticides, Fuel, Storage, Transporta-
tion, and Port Facilities. . .

3. Rational land use policies for: Intensive agricultural development. Pro-
tective agricultural zoning, Regional development, Industrial site selection, and
Urban expansion. . . .

No other source of data so widely serves the management decisionmakin
process necessary for the wise conservation and use of our renewable an
nonrenewable resources.

SUMMARY

A very brief review has been made of the current state of technology that
could be apfplled to the creation of a Global Agricultural Information System.
Because of the complexity of such a System, only the highlights have been
documented. . . .

It is the opinion of the writer that such a system is feasible, that both the
requisite hardware and software exist, and that the creation of such an opera-
tional s%/stem would provide the most appropriate base for the orderly develop-
ment of foreseeable technological improvement. The creed of such an under-
taking might be “It is no handicap to good research to have a purpose in mind.”

[The following questions were submitted by Senator Humphrey to
Dr. Park and his answers thereto:]

questlon 1. What is the relationship of the Earth Satellite Corporation to
NASA and to other Government agencies? . . . .

Answer 1. Earth Satellite Corporation is a private consulting firm that has
performed a number of studies for NASA in the role “of a principal investigator
in the LANDSAT program. In addition, the corporation has performed a major
cost benefit study under contract to the Department of Interior concerning the
costs and benefits Fefated to the LANDSAT program. All of these procurements
were competitive and Earth Satellite Corporation enjoys no special relationship
with either NASA or other Government agencies. .

Question 2. Yourecommend thata LANDSAT program be made operational.
How would an operational program differ from a continuation of the current
experimental programs ? .

Answer 2. The LANDSAT program poses a special problem for the Government.
There is no Single operatinlg agency of the Government that has a _clear mandate
to become the operational agency. There are equally important applications of this
particular satellite sstem to be found in the Department of Interior, the Depart-
ment of Ariculture, the Department of Commerce, and the Corp of Engineers.
The term operational, from the point of view of the user agencies, is defined as a
commitment on the part of the Government to provide a continuum of data from
the LANDSAT family of satellites. If the current experimental program, which
is the responsibility of NASA. is supported by that commitment on the part of the
Government, it is not only likely that this would satisfy the rest of the operational
agencies, it may in fact be the preferred mode of operation. The program is
characterized by extre_meIP/ close interagency coordination which NASA has
sponsored. NASA has implemented engineering studies which emphasized the
in][])_l;_l of engineering alternatives on the several applications that are the respon-

sibility of the user agency.

The experiment program is sufficiently clearly defined in advance of the flight
of any particular satellite that the operational agencies are able to use the data
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in their regular program. The documentation provided by the writer for the OTA
Board discusses the difficulties that have arisen in the field of data processing
and data analysis that have occurred in the conduct of the program to date. In
my opinion, the only important function that really should be cha_rcljged in terms of
the existing program is a commitment b){ the user agencies to provide an analytical
opertatlona capability that is presently missing ‘in some agencies of the Govern-

ment.

Question 3. What major U.S. Government management programs would be

served by an operational LANDSAT program? o .

. Answer 3. LANDSAT data, properly interpreted, can provide information
important for decisions made in the management of our water resources, forest

and range resources, our agricultural crop resources, our mineral and petroleum
resources and in part, our marine resources. Perhaps the most important applica-

tion for LANDSAT is its utility in the rational use of our land resources. It is
correct to say that our concern for the environment can be directly traced in all
respects, whether we are talking about air pollution, water pollution, or land
pollution, to our use of the land. The capability of LANDSAT to first of all inven-

tory this land use and secondly to monitor it over time represents perhaps the

single most important use of the data..

(guestlon 4. What types of information from LANDSAT would they use?

Answer 4. The t¥1pe of information varies with the application. For example, in
the case of water, the data are directly interpretable from imagery since the multi-
spectral nature of the imaging system provides a very sharp interface between
water and other surface features, thus permitting direct measurements to be
made. In the case of mineral and petroleum resources, the interpreters conven-
tionally look for linear features in the data. It has been found that the satellite
platform affords a vantage point actually unattainable in any other fashion from
which to see structures on the surface that are not just tens of miles long but in
fact hundreds of miles long. From these linear features the geologists have made
interpretation which has proven to be important to the extractive industries. In
other cases, the linears that are noted are circular rather than straight or broken.
Generically the data yields information on structures. In the case of agriculture,
forestry, and range, the LANDSAT data is used directly since one of the principal
scene components is the vegetation itself. The document provided by the writer
to the OTA Board discusses the vegetation resource in some detail, and notes
that for this purpose the digital data is requisite because of the importance of
being able to discriminate between the various species of vegetation on the sur-
face. In the case of the marine resource, the nature of the information is related
to conditions in the nursery habitat of the ocean fauna. The satellite has demon-
strated its ability to monitor estuarian circulation patterns and to map vegetation
in the shore area. In the case of land use, there is a discussion of the nature of’
the multidisciplinary analysis that is necessary to extract this data from.
LANDSAT and it does indeed require the compex staffing pattern as described in
the OTA report. ) ) )

_Question 5. Would it be possible to make better estimates of the cropProduc- .
_tlonI |rgjl g)ther parts of the world without a cooperative agreement of the countries
involved ?

_Answer 5. Unequivocally, yes. The estimates could be even better with coopera-
tion but the lack of such agreement does not prohibit better estimates than are
currently available for many countries of the world. = .

Question 6. In your report to FAO, what specific information on crop produc- .
tion did you promise_in the first year of operation ? . ) )

Answer 6. Specifically, we promised to provide the capability to monitor soil
moisture in the monsoon area of India, and the Sahelian zone in Africa. While.
those two areas of the world were stated, it was implied that we would be able to
monitor this %rameter on a global basis during the first year. )

Question 7. Which_countries have indicated their willingness to cooperate in the
global agricultural information project ? ) . )

Answer 7. | do not have the answer to this question. I am informed by FAO
that thus far 45 countries had signed the agreement which was a product of the.
World Food Conference. )

Question 8. In your opinion, how could U.S. Government be of greater assistance
to FAO in the establishment of a more effective early warning system?

Answer 8. The U.S. Government has the resources in terms of hardware. soft-
ware and scientific staff to actually do the early warning system for the FAO. If”
this function could be a part of the U.S. Government obligation to the United
Nations in my opinion it would be one of the very best investments we could make.
in helping to alleviate the world food problem.



