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FOREWORD

The objective of Contract NAS8-32408 was to assess the characteris-
tics required by the Data Systems of future OSTA Earth-Observation systems

of the next decade.

It specified investigations in the six application areas Agriculture,
Water Resources, Land Use, Global Weather, Severe Storms and Marine
Weather. Reported here are the results of the analysis of Agricultural
Data Systems. The authors wish to express particular thanks to Mr. Harvey
Golden and Dr. George McDonough of Marshall Space Flight Center for their
enlightened leadership: and to Dr. Charles T. Paludan, Dr. Sanford W.
Downs, Jr. and Dr. Robert Jethro of Marshall for their many valuable sug-

gestions.

Significant portions of this work were developed in prior efforts
under the leadership of Dr. Louis Walter and Mr. William Stroud of
Goddard Space Flight Center, and Mr. Leonard Jaffe of NASA Headquarters.

The author's thanks extend to them also.

Dr, James C. Harlan provided unstinting cooperation in the difficult
task of analysis of the spectral data bank gathered by his organization

in Bushland, Texas.
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1.0 SUMMARY, RESULTS AND CONCLUSIONS

The theme for the Data System task in Agriculture, chosen in concert
with the Marshall Space Flight Center, was ''Global Crop Production Fore-
casting.”" Selection of a specific theme within the broad area of Agri-
culture was motivated by the desire to lend focus to the task; simul-
taneously, Marshall's directives were to provide results sufficiently
general as to be applicable to other agricultural uses of remotely sensed

data.

The analysis herein reported applies to a generic agricultural ob-
servation system: LANDSAT D was used as a benchmark against which to

compare quantitative results.

Two principal scenarios motivate Global Crop Forecasting: '"Promotion
of the US Balance of Trade" and "Promotion of Global Freedom from Want."

The former was chosen as the more realistic motivator of US efforts.

The crops to be surveyed were the major US export staples. They
were selected from the cumulative ten-year export history of the US.
The raiionale for selecting countries candidate for survey excluded non~
producers of specific target crops: it included overproducers, i.e. com-
petitors to the US for exports, and marginal producers which steadily or

periodically import US agriproducts.

The selection methodology yielded the staple crops wheat, soybeans,
corn, cotton, tobacco, rice, grain sorghum, and 24 countries growing

these commodities. Of these crops, tobacco and cotton were excluded

i
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from further consideration because they do not constitute alirmentary

staples.

Substitution of crops was found to be negligible in human food,
important in animal fodder. This added to the list of commodities the

small grain fodder crops barley, oats and rye.

Crop production is the product of the two essentially independent
factors of acreage and yield. Since measurement of the latter from re-
motely sensed data is as yet in the experimental stage, the study con-

centrated on the measurement of acreage.

The user requirements were assessed as being approximately equal to
the accuracy performance of current conventional crop acreage inventory
systems. The corresponding systems specifications for accuracy range

from 98% for US wheat to 92%, one sigma, for foreign forage crops.

The performance of OSTA data systems in acreage mensuration was as=-
sessed from analysis of the performance achieved by ERTS and LANDSAT ex~-
perimenters. Average inventory accuracy was found to be of order 80%Z in
the time frame 1972-74; improving to approximately 86% between 1974 and
1978. These levels of performance were found to fall short of the user

requirements by a factor of at least 2, at most 5.

This finding led to investigate the data system from end-to-end, in
order to seek the reasons for the shortcoming, and to determine which

data system drivers required improvement.

The analysis began at the data systems front-cnd, i.e. at the
interface between the natural phenomena determining crop spectral re-

flectance and the sensor. To this effect, several of the fine-grained




calibrated spectra from the LACIE supevsites were analyzed in detail.

It was concluded that unique crop spectral signatures do not appear to
exist; that the values of the reflectances fluctuate significantly, even
within the same field; that the information contained in the differential
amplitudes of spectral bands is in and by itself insufficient to achieve
discrimination accuracies satisfying the user requirements; and that the
driver of discrimination is the relative average amplitude, or contrast
ratio, between the mean spectral amplitudes, brough about by the marked
differences of mean reflectance which accompany the natural stages of

phenologic development,

These findings led to the development of a theory of radiometric
discrimination employing the mathematical framework of the theory of
discrimination between scintillating radar targets. The theory indi-
cates that the functions which drive accuracy of discrimination are the
contrast ratio between targets, and the number of samples, or pixels,

observed.

The theoretical results led to three primary consequences as regards
thce data system: 1) agricultural targets must be imaged at correctly
chogen times, when the relative evoluation of the crop's development is
such as to maximize their contrast; 2) under these favorable conditions,
the number of observed pixels can be significantly reduced with respect
to wall-to-wall measurements; 3) the remotely sensed radiometric data
must be suitably mixed with other auxiliary data, derived from external

sources.

Analysis of the optimal timing requirements in the presence of

naturally occurring cloud cover led to the conclusion that the current
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configuration of earth-observing platforms operating in the optical and
IR spectral ranges need modification as to orbits and swath widths, and
could probably substantially benefit from the addition of active micro-
wave sensors. Analysis of the optimal sampling requirements indicated
that the number of pixels imaged and processed drives the data system's
operating costs: the use of a sampling scheme in heir of the current
wall-to-wall imaging mode could reduce the system's recurring costs by
up to a factor of two. Analysis of the role of the auxiliary data in-
dicates that a most important contribution to the system's price-perfor-
mance would be a world-wide, uniform, photographic-type coverage of re-
latively good resolution. Such coverage need not be provided in real
time: d1ts refresh rate could range upwards of three yearsa. These
findings can form tlie basis for considerable enhancement of the price/
performance of future OSTA agricultural observation systems. In parti-
cular, the RBV could become the source for the auxiliary photocoverage.
Additional savings are possible by on-board processing of the data, con-

sisting of the addition of short-term storage.

An additional systems gavings can result from relaxation of the
multispectral scanner's sensitivity. This is brought about by the pre~
sence o” fluctuations, found to exist around the reflectances of agri-
cultural targets., Within the overall system's error budget, of which
the "scene fluctuation” is the primary driver, semsor NE Ap's of order

64 levels appear adequate.

The resulting 4:1 reduction of sensor sensitivity can be traded off
against lower-coast sensor implementation: or, it can be exploited to

increase the sensor's geometric resclution. It can be shown

e e g Fo
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theoretically that the tradeoff in favor of performance would improve

LANDSAT D's resolution to approximately 15 meters.

The theoretical results were simulated on the Marshall Data System
Dynamic Simulator (DSDS). The results confirmed the need for modifying
the deployment of earth-observing platforms, and the savings accruing
from observing a reduced number of sample picels. The simulation neither
confirmed nor disproved the theory, because the DSDS had not reached its
full Stage III configuration, thus could not, at the time, accept inputs
from live scenes. The theory was however tested independently by per-
forming regional crop inventories in selected regions of the world, with

good agreement between results and prediztiens,
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2,0 SCENARIO

2.1 S8ignificance of Global Crop Survey and Forecast

The activities of estimating and forecasting agricultural production

are of major importance virtually everywhere in the world.

Inaccurate forecasts cause agricultural producers to make erroneous
production decisions: they distort optimal inventory carryovers. The net
result is lowered social efficiency through wasted efforts. Improved fore-
cast accuracy reduces this waste motion, hence produces a net increase in

social welfare.

Precise forecasts obtained sufficiently early permit the formulation of
national plans and policies best suited to cope with surplus or scarcity.
Good predictions allow agricultural producers to take remedial actions
aimed at increasing output, reducing costs, or taking shelter against de-
clining prices caused by overproduction. The earlier this information is
avallable, the greater the pnssible spectrum of ameliorative actions and

the larger the potential benefits.

The worth of agricultural survey and forecast activities is evidenced
by the efforts and resources which are being devoted tec it worldwide.
Table 2~1 presents a conservative estimate of the expenditures by world
governments for agricultural data gathering. Additional moneys are ex-
pended yearly by commodity dealeirs, traders, Chambers of Commerce, inter-

national organizations, other private and public enterprises f1].




s

JABLE 2-1

YEARLY WORLOWIDE EXPEMDITURES FOR_CROP SURVEY/FORECAST (1977)

REsiOn MILLION U 3, 077

U.S. (DOMESTIC & FOREIGN ) 40

CANADA 2.4
WESTERN EUROPE 48.2
EASTERN EUROPE 8.9
LATIN AMERICA 2.5
AFRICA/MID-EAST 2.
ASIA EXCL. USSR, PRC 4.5
OCEANTA 1.5
WORLD 1101

The world's important crops number in the hundreds. Most important in

terms of market value, quantity and caloric content are the staple crops.

Figure 2-1 shows that grain c¢rops are the most significant: they pro-

vide over half of mankind's food. ({21, [3].

2.2 World Scenarios

The configuration and characteristics of a Data System for global
agricultural forecast are a function of the surface area, geographic loca-

tion, number of crops to be surveyed.

Two principal scenarios determine the selection of the countries and

crops candidate for survey:
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Figure 2-1

PANORAMA OF THE WORLD'S PRODUCTION
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1. As seen from the U.S. national outlook

2. As seen from the outlook of the international community, i.e.
the United Nationms.

The U.S. national goals have essentially remained unchanged throughout

U.S. history. They are:

® Maximize the citizen's well-being
e Foster the U.S5. balance of trade

® Optimize U.S. foreign policy

The United Nations goal is essentially the humanitarian objective:
® Foster world peace

e Promote global freedom from want

2.3 The U.5. Scenario

In the agricultural arena, the three U.S. goals are interrelated.

Promotion of the balance of trade impliers essentially "sell more, at

more advantageous prices."”

Citizen's well-being, or consumer satisfaction, means: "but without
unduly increasing domestic prices for U.S.-produced commodities, and main-

taining favorable prices for imported agricommodities."

The oppertunity for a significant foreign policy role arises if the

U.S. can trade food in exchange for political or socieccnomic considerations.

This study focused on the first goal, i.e. maintenance and promotion

of a favorable balance of trade.

‘ o
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2.4 Derivation of the Crops to be Surveyed

Agricultural products havé always played a major role in the U.S.
export picture., In the mid-nineteenth century they represented approxima-
tely 80%Z of total U.S. exports. Although the agricultural share of total
U.S. exports has since declined to 25%, the gross dollar value of agricul-
tural exports has increased from $150 million in the 1870's to over

$25 billicn, in current dollars.

U.S. agricultural exports fluctuate yearly, in response to domestic
and foreign alternations of production shortfalls and surpluses. To smooth
out these flucutations, the export values should be integrated over a suf-
ficiently long period of time, Table 2-2 ranks the U.S. agriexports based

upon their 10-year cumulative value [3].

TABLE 2-2
U.5. GROSS AGRICULTURAL EXPORYS, 10-YEAR CUMULATIVE VALUE
1964-1974, CURRENT $ MILLION, FOB
ABSOLUTE RELATIVE
COMMODITY VALUE VALUE
WHEAT $18,527 181
SOYBEANS (FOR FEED} 14,750 15%
CORN 13,873 18x
ANIMAL 8 ANTMAL PRODUCTS 10,842 1%
OF WHICH
FATS 0145 & GREASE 2,803 (3}
MEAT & MEAT PRODUCTS 1,866 {2)
0IL SEEDS 9,090 0z
0F WHICH )
SOY OILCAKE & MEAL 4,299 (4)
COTTONSEED 0L 650 ()
COTTON 6,525 6%
TORACCO 6,186 ‘ 6
FEED GRAINS, EXCLUDING CORN 4,021 a8
OF WHICH
GRAIN SORGHUM 3.004 {3)
RICE 3,684 43
SUBTOTAL 7,548 BEX
OTHER 14,48) 142
VOTAL 10-YEAR EXPORTS $102,029 1002

'
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Table 2-~3 synthesizes the information of Table 2-2, It excludes the

animal products, for the following reasons:

e The consistency of the animal inventory is not directly amenable to
survey from Satellite Remote Sensing.

The diet of animals is composed of grains, pasture and forage
in varying proportions in differing countries. The feed grains
are already included in the listing of Table 2-3.

TABLE 2-3

grosS U.S, EXPORYTS OF STAPLE CROPS, 10-YEAR CUMULATIVE VALUE

1964-1974, CURRENT $ MILLION, FOB

VALUE PERCENT
SO¥ AKD SOY PRODUCTS 19,049 2
WHEAT 18,527 20
CORN ARD CORN PRODUCTS 14,870 16
COTTON 6,525 ?
TOBACCO 6,186 7
RICE 3,684 4
SORGHUM 3,004 3
SUBTOTAL 71,845 79
OTHER LESS ANIMAL
PRODUCTS 19,292 21
TOTAL LESS ANIMAL
PRODUCTS 91,137 00

Percents may not add due to rounding errors.

Rangeland (pasture) and forage (hay) are alsc important candidates

for survey for two reasons: 1) they are complementary or substitute

animal foods, and can thus affect the demand for the primary grains; and

2) they act as "confuser" crops in the remote observation of the primary

staples.
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Table 2-3 indicates that soybeans, wheat and corn head the list of
exports by value., They constitute 587 of U.S. staple agriproducts exported
during the decade, exclusive of animal products. The other major categories i
combined -~ cotton, tobacco, rice, sorghum - represent 217, The aggregate
of the several minor commodities is 21%. No single commodity below the ranking

of sorghum produced exports greater than 1% of the total.

Before concluding that the seven crops indicated in Table 2-3 are

indeed those of major interest to U.S. agricultural exports, it is well

to analyze whether the 10-year cumulation does not smooth out and hide
major fluctuations. Figure 2-2 indicates that this is not the case:
the relative pexrcentages of the exports of the staple crops vis-a-vis

the total agricultural exports have remained relatively constant over the

{

i last decade. Within the validity of historical extrapolations, and barring
major exogenous disturbances, they can thus be assumed to remain substan-
tially the major U.S. agriexports of the near future.

2,5 Derivation of the Countries to be Surveyed
2.5.1 Logic
The "universe" for export of U,S. agricultural commodities subdivides
as follows:
1. Countries which do not consume the product at all: i.e., non-
customers.
2., Countries which are consistently self-sufficient (for a given
Et agriproduct which the U.S, produces in surplus): neither cus-

tomers nor competitors. The sub-category of Countries
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PERCENT
AGRICULT AL EXPORTS

FLUCTUATION OF AGRICULTURAL EXPORTS
MAJOR AGRICULTURAL EXPORT COMMODITIES AS A FRACTION
OF TOTAL GROSS AGRICULTURAL EXPORTS, DOLLAR VALUES
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Figure 2-2
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which do not purchase from the U.S. for policy reasons, valid

in the 1960's, has, since the massive entry-to-market of USSR,
_ PRC and Eastern Europe, dwindled into insignificance, at least
F for the time being.

3. Countries which produce the product, but not in sufficient: amounts

to meet their demand, and which are steady importers.

4. Countries wherein the difference between production and internal
demand alternates between surplus and deficit. These are poten-
tial U.S. customers in shortfall years, potential competitors in
surplus years.

5. Countries which are consistent exporters. These are potential
competitors of the U,S.

. 6. The U.S. itself, to assess its year-to-year capability to
i' export.

The requirements for agricultural surveys by the U.S. vary among these

categories of countries.

Countries which exhibit characteristics 1 and 2 - 1.e. consistent
non-customers and non-competitors for any given product - are not important
to agricultural U.S. exports of that product. Surveys of their agricul-
tural production of that product are thus of little interest to the U.S,

foreign trade posture,

Surveys of countries in category 3, i.e., which exhibit the qualities
of marginal producers and steady and consistent importers are of interest

to assess the quantity of product they are likely to import in any one year.

P3N

This assessment serves as the basis for U.S. agriexport planning on how to

e b L i i .
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convert this "addressable market" into sales for the U.S. The interest is
proportional to each country's volume of the addressable market and to the

potential competitfion from other surplus-producing Countries.

Countries of category 4, fluctuating customer-competitors, are of
interest in proportion to the magnitude of the fluctuations of their ag-

ricultural production,

Surveys of countries of Category 5, the potential competitors, are of

interest in proportion to the magnitude of their surplus.

Figure 2-3 depicts the logical choices.

2.5.2 Procedure for derivation of the countries to be surveyed

The procedure is to isolate, down to a meaningful level of significance,

the countries which fall in categories 3, 4, and 5, for the principal crops

of interest to U.S. agriexports.

Figure 2-4 depicts the principal customers for the major U.S. export
crops over the last decade. They are ranked from bottom to top by percen-
tage of the dollar volume of imports from the U.S.; from left to right by
total dollar value of each imported commodity. The blank unlabeled areas
at the top of the histogram bars comprise a rather large numbher of customers,
each of which is significant at most to the 1% level; i.e., its imports
during the decade did not exceed more than 1% of the total U.S. exports of

the corrsponding commodity.

Note that Figure 2-4 indicates percentages and not absolute dollar

values. The dollar purchases of each customer can be obtained by




Figure 2-4
THE MAJOR CUSTUMERS FOR U.S. AGRIPRODUCTS
IN PERCENT OF THE CURRENT DOLLAR VALUE OF EACH COMMODITY ACQUIRED
CUMULATIVE FOR THE DECADE 1964-74.
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multiplying the percentages of product acquired, from Figure 2-4, by
the total dollar value of the product exports, from Table 2-3. For
example, Japan's purchases of wheat were 10%Z of the total U.S. exports;
those of sorghum, 45%. The total U.S. exports were $18.5 Billion for
wheat, $3 Billion for sorghum. Thus Japan's 10X share of U.S. wheat

. exports brought a revenue of $1.85 Billion: its purchases of sorghum,
in spite of the much higher share, resulted in a lesser revenue, e.g.

$1.35 Billion,

The information of Figure 2~4 allows elimination of the countries
which fall in categories 1, non~counsumers, and 2, self-sufficient. It
aggregates categories 3, net importers, and 4, fluctuvating importers-

exporters,

The net importers fall into two sub-categories: steady importers,
typified by Japan, whose purchases essentially repeaf year after year; '
and fluctuating importers, This second sub-category is clearly of
greater interest to U.S. survey efforts, Figure 2-5 exemplifies its

behavior,

Table 2-4 sexrves to assess which importing countries fall into

category 4, fluctuating customer-competitors. It indicates that the
USSR is the only such for the commodity wheat, since during the decade
it did export as well as import. The PRC likewise is a fluctuating

customer-competitor for the commodity soybeans, France for corn,
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'FICURE 2-5

THE MOST FLUCTUATING U.S5. CUSTOMERS
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TABLE 2-4
MAJOR WORLD IMPORTS & EXPORTS OF SELECTED AGRICIN TURAL COMMODITIES
B-YEAR CUMULATIVE VALUE {1968-73)
CURRENT - EXPORYS FOB, IMPORTS CIF
NHEAT CORN SOYBEANS
EXPORTS  [MPORTS EXPORTS  IMPORTS EXPORTS  IMPORT:
WORLD 26,830 28,150 NORLD 13,600 14,930 WORLD 9,620 9,720
u.Ss. 9,740 - 5. 7.00 - u.s. 8,440 -
CANADA 5,050 . FRANCE 1,660 150 BRAZIL 706 -
FRANCE 3,150 - ARGENTERA 1,620 - PRC 350 500
UssR 2,730 2,040 SOUTH AFRICA 660 - JAPAN - 2,590
AUSTRALTA 2,150 - JAPAN . 2,540 FRG - 1,620
ARGERTINA 8B40 - 1TALY - 1,990 NETHERLANDS - 230
PRC - 2,430 UK - 1,380 SPAIN - 910 5
JAPAN - . M0 FRG - 1,370 ITALY - 660 k
UK - 2,080 NETHERLANDS . 1.330
THDONES 1A - 1,500 SPAIN - 970
FRG - 1,400 USSR - 630
BRAZIL - 1,040
1ITALY - Bap
EGYPT - 740
CIECHOSLOVAKIA - 610
PAKISTAN - 310

EFTN

Table 2~4 also identifies the countries falling within category 5, the
steady competitors. These are countries which do not import because they

possess a consistent, repeating discretionary surplus: i,e. their pro-

duction comnsistently exceeds internal demand,

Figure 2~-6 presents a panorama of the principal competitors. It

indicates that the U.S8. not only possesses the largest but also the

g

most consistent and reliable surplus. ' b

2,5.3 Recapitulation of Crops and Countries Candidates for Survey

Table 2-5 recapitulates the principal crops and countries candi-

L o e gtTia sy ad. il

dates for survey of the major staples for human consumption, down to

the 2% level (as percentage of total U.S. agriexports) for the crops,
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DISCRETIONARY SURPLUSES OF MAJOR AGRICULTURAL EXPORTERS

Figure 2
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& and to the 2% level (fraction of imports of a given commodity from
’ the U.S.) for the Countries., Tobacco is not included since it is not

a8 major staple for human consumption: it is, rather, a luxury item.

TABLE 2.5
CROPS AND COUNTRIES INITIAL CANDIDATES FOR SURVEY

WHEAT CORN SOYBEANS RICE COTYON
0.5.5.R. U.5.5.R. - - U.5.5.R,
u.s, u,s. U.5. u.s. 5.
PRC PRC PAC PRC PRC
INDIA INDIA INDIA INDIA INDIA
FRANCE FRANCE - - .
CANADA - - - -
AUSTRALIA - - - -
TURKEY - - - TURKEY
ITALY ITALY - ITALY -
POLAND - - - -

. BRAZIL BRAZIL BRAZIL BRAZIL

- S. AFRICA - BRAZIL S. AFRICA
ROMANIA ROMANIA . . -

) - - - INDONESIA -

FRG - - - -
YUGOSLAVIA YUSOSLAVIA - - -
ARGENTINA ARGENTINA - - ARGENTINA
MOROCCO - - - -

- HUNGARY - - -

- EGYPT - - EGYPT

- - . " BANGLADESH, -

JAPAN, THATLAND
- - - - PAKISTAN
- - - - HEXICO

Before concluding that this is indeed the finz;l set of crops and
countries, it is important to investigate whether other crops produced by
foreign customers are used as substitutes for the primary U.S. exports:
for, in this case, and to the extent of the possible substitution, foreign
crops other than those indicated in Table 2-5 may become candidates for

survey.
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2.5.4 The Effect of Substitution in Human Nutrition

Past studies and field surveys by U.S. Agencies and Foundations, by

the UN and the FAO, have uniformly concluded that substitution, even

of very similar foods, is not a viable zlternative for human consumption
even in pericds of famine. At least, not in the short;term: habits

and tastes change but slowly I[4].

This 1s confirmed by Figure 2~7, drawn from FAO statistics, which
depicts the historical evolution of human consumption of cereals in
selected countries in the three primary categories of wheat, eaters,
malze eaters, and rice eaters. Because the per-capita incomé has grown
steadily and significantly over the years shown, the curves illustrate
the well-known relationship that the consumption of staples grows
initially with increasing per capita income: beyond a threshold level,
further increases in income result in a8 decreasing pro~capita consumption
of staples in favor of protein and “luxury” foods. More significant
to the question of substitution, Figure 2-7 indicates that the ratios of
the diverse staples consumed by a given country change but slowly. Also,
short term reductions in pro-capita intake of one staple are not
compensated by corresponding increases in other staples. This indicates
that substitution is not an important driver in human nutrition, except

over relatively long time spans.
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CEREAL SUBSTITUTION IN HUMAN CONSUMETION
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2.5.5 The Effect of Substitution in Animal Feed

Over the last fifteen years, the increased demand for protein has
caused a significant shift in the composition of animal feed. Appendix A,
Figure A-4 illustrates the trend for the USSR and the U.S.: whereas human
grain consumption has remained substantially constant, that of feed has

significantly inecreased.

Currently, of the world's cereal harvest only approximately 377 is
dedicated to human consumption, the balance 50% after deducting allocations

for seed, waste, industrial usage, is devoted to animal consumption.

Contrary to what happens in human consumption, cereals of all types
can be substituted in animal feed. As such, their survey is important
within the customer and customer-competitor countries already selected
in Table 2-5, ard in other countries which are major producers of these

commodities. The ranking of the major producers of feed grains is pre-

sented in Figure 2-8, Cotton i1s also included.

The complete tabulation of crops and countries which are the final

candidates for survey is presented in Tabhle 2-6.

It is well to reiterate that these crops and countries are only those
that have passed the criteria established previously. Japan, for example,
although a major and steady customer for several US agricultural staples,
is not a significant producer of these: as such, it is excluded from the
list of candidates for survey, simply because there would not be much to

survey.
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RANKING OF WORLD PRODUCERS OF PRINCIPAL CEREAL SUBSTITUTION AND FIBER CROPS

SOURCE: USDA AGRICULTURAL
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L TASLE 2-6
P
S CROPS AND COUNTRIES FIRAL CANDIDATES FOR SURVEY

: WHEAT CORN SOYBEANS RICE BARLEY OATS RYE COTTON SORGHLM

‘ ¢.5.5.R U.5.5.R, - - U.5.5.R, U.5.5.R. U.5.5.8. U.5.5.R, -

u.s. u.s. U.s. u.s. u.s. u.s. u.s. v.s. .
PRE PRC PRE PRC PRC PRC - PRC -

! INDIA INDIA - INDIA INDIA - - INDIA IHDIA
S FRANCE FRANCE - - FRANCE FRANCE . - -
Lo CAHADA - - - CANADA CANADA - - -
AUSTRAL [A - - - RUSTRALTA AUSTRALIA - - -

' TURKEY - - . TURKEY - TURKEY TURKEY -
! ITALY TTALY - ITALY . - - - .
i POLAND - - - POLAND POLAND POLAKD - .
L - BRAZIL BRAZIL BRAZIL - - - BRAZIL -
- $. AFRICA - - - - . 5. AFRICA .
o ROMANIA ROMANIA - - - - - - -
[ - . - TNDONESIA - - - - .
& . . - . . . . . .
: - - - - UK - - . -
: FRG - - - FRG FRG FRG - -
: TUGOSLAVIA YUGOSLAVIA . - - - . - .

' ARGENTINA ARGENTIRA - - ARGENTINA ARGENTINA ARGENTINA ARGENTINA -
MOROCCO - - - MOROCCO - - - -
- HUNGARY . - - - - - .
- EGYPT - - - - - EGYPT -
- - - BANGLADESH, - - - - .
JAPAN, THAILAND
: - - - - DENMARK - - - - -
: - - - - CZECHOSLOVAKIA CZECHOSLOVAXIA - - -
- - - - GOR GOR GOR . -
- - - - - SWEDEN - - .
- - - - - AUSTRIA - - .
. - - - - - . PAXISTAN .
- . - - - - - MEXICO -

—93—
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2.6 Effect of Global Crop Forecast on Other U,S8. Goals

2.6.1 Effect of the requirement to maximize consumer satisfaction

In a free-market economy, early prediction of the status of crops
will result in the maximum possible reduction of U.S. consumer prices
for the primary commodities. The UvS. spends approximate one~half of
its revenues from the exports of agriproducts in importing complementary
and suppementary agricultural commodities and derived products.
Complementary imports are items which are not produced in the U.S,.: e.g.
coffee, bananas, tea. Supplementary imports consist of products
available domestically, but which consumers cherish for reasons of taste or

custom: e.g. wines, canned tomatoes, pasta products.

The complementary and supplementary agricultural products play a
significant role in insuring the satisfaction of U.S. consumers. Thus
inventories of the respective producing countries - fbr example,
Brazilian coffee - are important, and a scenario analogous to, but in
reverse of that presented above for the exports, could be constructed.

This was, however, beyond the scope of this study.

2.6.2 Role of Global Crop Forecast as_Tool of Foreign Policy

The optimum trading of U.S. -produced food in exchange for political
advantages requires the early knuwledée of the requirements of the numerous
countries who are actual or potential AID recipients. This implies that
the survey of principal crops should be extended to at least the most im-
portant of these countries. The rationale for selecting target crops
and countries differs from that developed above: it addresses the selection
objectives of U.S. Foreign Policy. Crops different from those thus far

identified do emerge -- e.g. cassava.
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This investigation was beyond the scope of this study.

2.7 The International Scenario

The contribution achievable to the UN goal of "world peace" by
providing adequate nutrition to the world's masses is a matter of philo-
sophical speculation. History provides abundant examples of wars and of
local disturbances induced by want; as well as examples of prolonged masé
deprivations not leading to such violent epilogues; and also instances of

major wars initiated by well-fed contenders,

The second UN goal, "promoting global freedom from famine" is more

specific and amenable to quantitative analysis, without the need to pass

"~ judgements on its philosophical correctness. It is presented in

Appendix A.

The UN/FAQ scenario was not utilized for this study. It is however
worth noting, as shown in Appendix A, that this scenario maintains the
erops and countries of the U.S. Balance of Trade scenario, except for
the inclusion of additional countries producers and consumers of the

staple crop rice,
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3.0 SYSTEM PERFORMANCE REQUIREMENTS AND CURRENT PERFORMANCE

3.1 Derivation of the Data System's Performance Requirements

Appendix B presents an overview of the agricultural survey nethods
" currently in use throughout the world. As indicated therein, crop

production forecasts comprise two distinct functions:

® Measurement of the current status of the crop. For reasons of
cost, this measurement is always performed by statistical sampling.
Following the USDA designation, it is also called "estimate."

¢ Extrapolation to the future harvest, more properly termed "fore-
cast." This function is accomplished based nn historical regres-
{ sions augmented by "best estimates" of the future incidence of
adverse or beneficial phenomena affecting the crop, such as

weather.

The estimate of the current status is composed of two subfunctions:
e Estimate of the acreage under cultivation

® Estimate of the crop's condition.

This study focuses upon the acreage estimates, because they are

currently amenable to measurement from orbital data systems,

Table 3-1 presents the accuracies of acreage mensuration achieved by
various countries and by U.S. States and Counties [5]},[6]1,[7]. It is

subjec