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NOTE OF TRANSMITTAL

This report is prepared for the QOffice of
Applications, National Aeronautics and Space Administration
under Statement of Work on Contract NASW-2558 which represents
an evaluation of the improvement in worldwide wheat crop inform-
ation promised by a LANDSAT-type Earth Resources Surxvey ({(ERS)
System.

The results reported herein are bhased on the best
public data available on world wheat crop information. The
economic approach used for this study represents signifiecant
innovations in the valuation of improved information on agri-
cultural c¢rops. In addition to this report, a separate volume
providing an overview of this study is transmitted. In the
Overview, the igsues, assumptions and results of the study are
summarized. To our knowledge, this is the first empirical
assessment of the economic value of a LANDSAT system in provid-
ing information on the worldwide wheat crop.

Other than the study director, the principal
participants in this study effort were Francis Sand, Andrew
Seidel, Dennis Warner, Neil Sheflin, Ran Bhattacharyya and

John Andreus, each of whom made important contributions to this
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D*%. Klaus P. Heiss
Study Director

study.

ii




, ABSTRACT

Phe Earth Resources Survey (ERS}) and the LANDSAT
Program of NASA in particular, face some important decisions
over the next 12 to 18 months that will affect the future of
remote sensing by satellite in civilian applications for
decades to come. To provide an ecconomic basis for the dis-
cussion of these issues, ECON, Inc. completed an overview
evaluation of a LANDSAT-type Barth Resourxces Survey system
in 1974*%. Potentially large benefits to be obtained in agri-
culture from a continuity of LANDSAT data services when
applied to the United States were identified and measured.

This report is an extenszion in breadth and depth of
these ECON agricultural case study efforts. The value of
worldwide information improvements on wheat crops, promised by
LANDSAT, is measured in the context of world wheat markets.
These benefits are based on current LANDSAT technical goals
and assume that information is made available to all -- United
States and other countries -- at the same time.

The benefits to the United States of such public
LAWDSAT information on wheat crops are, on the average, 174

million dollars a year. About 287 million decllars accrue

*BCON, Inc., The Economic Value of Remote Sensing of Earth
Re=zources from Space: An ERTS QOverview and the Value of
Continuity of Service, 10 Volumes, Princeton, New Jersey,
Decembexr 1974.
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directly to United States consumers in the form of lower
average wheat prices; $280 million are prcduction efficiency
gains in providing for domestic and foreiyn demand. These
benefits are those of a LANDSAT system with.possibly as many
as three operating spacecraft. The benefits from improved
wheat crop information compare favorably with the annual
system's cost of about $62 million.
A detailed empirical sample demonstration of tne
effect of improved information is éiven; the history of wheat
commodity prices for 1971-72 is reconstructed and the price’
changes from improved vs. historical information are compared.
These results reaffirm the conclusions reached by
ECON in its Decembexr, 1974 report in the most important area:
LANDSAT promises substantial benefits from improved information
in agriculture if present technical goals and expectations are
met. The improved crop forecasting from a LANDSAT system as-
sumed in this study are: wheat crop estimates of 90 percent
accuracy for each major wheat producing region, at a 20 percent
confidence level through the wheat harvest period. This trans-
lates roughly into a 1.8 percent error in December wheat crop
production estimate§ for the United States and 5.0 percent for

the rest of the world.

The technical performance and capabilities of a

LANDSAT system are still being developed by NASA; our estimate




on technical capabilities of a LANDSAT system are based on a
considered interpretation and extension of LANDSAT investiga-
tions to date, and were given to us by NASA.

In conclusion, accurate, objective worldwide wheat
crop information using space systems may have a very stabil-
izing influence on world commodity markets, in part making
possible the establishment of long-term, stable trade rela-

tionships.
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1. THE VALUE OF CROP FORECASTING:
METHODS AND RESULTS

1.1 Introduction

In this age of overabundant demands for agricultural
supplies, official organizations and technological systems have
been called o*. to perform as sorcerers and taleésmen to whom
the economic community can turn for information about the
future. To many, these agencies and systems only prove the
folly of forecasting the future and trying to defy fate. At
best, official organizations and their technological systems
may only grant what society can reasonably ask for, a "state-
of-the-art" estimate, and not what society often demands or
thinks it has asked for, the unambiguous truth.

It is unfortunate, but true, that official wizards
of economic phenomena only can provide a clouded picture of
future events. Nevertheless, it would be ill-advised to throw
these “services“rinto the f£ire as long as their forecasts offer
information that result in net benefits to society. This cri-
terion, of course, presupposeé fhat information and information
systems in general can be evaluated.

‘ The objective of this study is an attempt to measure
the value of improved crop forecasting information. In this
sense, this study -- and related work by ECON -- ig breaking
new ground in economics. The first step in this task must be
to set forth the analytical foundations from which to make that

assessment . We discuss here the role cof information in the
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market process. We then discuss the measurement of the most
important attributes of crop forecasts and the statistical
methods for analyzing them. The meaning of the terms "forecast"
and "estimate" are defined as used in this study. Finally, we
set forth the analytical foundations from which the economic
losses owing to misinformation and the economic gains from in-
formation improvement will be measured.

i.2 Information and the Market Process

We should fix in our minds precisely what is implied
in the stalement that a resource has been misallocated in a
market system. Let us consider a unit of a particular resource
that has been employed, together with guantities of other pro-
ductive factors, in the production of a particular product.
The use of this resource to this end has deprived others of the
productive centributions it might have rendered in some alter-
native employment. On the other hand, consumers under the
existing arrangement can enjoy the productive contribution
that the unit of resource is making in its present employment.
In a market system, there is a market value placed upon each
of the various foregone productive contributions that might
have been randered elsewhere by the unit of resource and there
also is a market wvalue placed upon the productive contribution
that the unit of resource actually does render. In a "free
market” economy, "usefulness" is measured by market value or

prices.
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’ Following Kirzner [69]1, a natural meaning of the
term "misallocated resource™ in the above context would be the
use 0of a resource in an endeavor that does not command the price
of one or more foregone alternative uses. This is not to say
that a resource is "misallocated" if it is in the "wrong" place
in terms of actual market prices and with respect to a state
of the economy as it is. We speak of waste or loss here in a
normative context, i.e., what should be, because under the
current conditions of the market, a resource is being used in
an employment that a market declares to be less important than
an alternative available employment. Our task now is to deter-
mine what gives cause to waste.

Although many special theories and particular ex-
amples can be given of how waste can appear in an sconomy, as
Kirzner [69] and Harberger [39] point out, there is in fact
only one way a resource may be misallocated: as a direct result
of the imperfection of the knowledge of market participants.

If knowledge of all relevant data were possessed by all partic-
ipants, no perverse discrepancy could exist between the market
value of the productive contribution of a factor in its actual
employment and the value of its potential contribution else-
where. With perfect knowledge, the price of the unit of the
factor would be the same in all areas of the mark. ; differences
in the technological efficiency of the factor in different uses

and differences in the desirability to consumers of the different




products would be fully reflected in the prices and output
volumes of the various products. No room would be left for a
perverse difference between the market values of actual and
potential productive contributiocns.

-. Now, if we consider a situation whére all the avail-
able information initially is inaccurate and/or widely scattered
in the form of scraps of knowledge possessed by individual par-
ticipants, then resources would be misallocated owing to this
imperfect knowledge. A resource may be employed in a less im=-
portant manner because the entrepreneur is unaware of the more
important possible employments and does not know of the availa-
bility of this resource. In the first case, the enterpreneur us-
ing the resource in the less important employment may be unaware
of the greater technological productivity of the resource in
other branches of production and/or the higher prices obtainable
in the market for the other products. In the second case, the
enterpreneurs who are unaware of the more important productive
contribution that such a rescurce can make elsewhere may mis-
takenly believe that the price of the resource is toco high to
make its use worthwhile in these more important emplovments.

In general then, the misallocation of a resource
can be equated with widespread (if uneven) ignorance of the
gaps and erxors in pertinent information. Some market parti-
cipants may know all about one piece of information (for ex-
ample, the availability of the resource), but have incorrect

information about other pieces of information, such as its
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highest price. Because no one simultaneously knows both these
pieces of information, no one is aware of any true (perfect
knowledge) possibility of improving the existing allégation of
resources. An appraisal of the efficiency of the market pro-
cess, therefore, involves an appraisal of the way the market
process disseminates the information necessary for the discov-
ery of superior opportunities for the allocation of resources.
This is valid for both a "static" economy where tastes, produc-
tivity and resource availabili%y are constant and a dynamic econ-
omy where resource availability, productivity, and consumer
tastes are free to change. The efficiency of the market process
in both cases is a gqguestion of its ability to transmit to the
relevant decision~makers those pieces of information necessary
for the "correct" allocation of resources in terms of the mar-
ket conditions.

In effect then, inaccurate information leads to in-
put market distortions: resources {commodities, capital, labor)
are allocated (used) for tasks that under better (perfect) in-
formation would not have been undertaken. The larger this ig~
norance, the larger these distortions. In a way ignorance can
be eguated to imposing a "tax" on input factors, thereby lead-
ing to economic costs throughout the economic system, with the
consumer of final goods ultimately paying the imposed cost of
inaccurate information.

A reduction in ignorance, i.e., imp%oved information,

convergsely can be equated with 1lifting this "tax" on input

I:




factors. This latter topic and the assessment of the economic
costs of such "taxes", has besen widely dealt with, most recent-
ly =~ and most extensively -- by D. Wisecarver [127]. (see
References.)

With regard to agriculture in particulax, estimates
of crop acreage and yields, leading to forecasts of total pro-
duction levels, are essential for efficient planning in all
phases and segments of agricultural production, processing
and distribution. Acgcurate forecasts permit precise planning
for more efficient transgportation and processing of commcdities
and can help identify potential shortages while there still is
time to "hedge" against them. Reliable final yield and acre-
age estimates provide the information necessary to coordinate
the supplies and demands for farm machinery and storage ser-
vices.

Inasmuch as commodity prices fluctuate by large
amounts within any one crop year, or even one month, one can in-
terpret this directly as the inverse to the total supply the
market believes -~ rightly or wrongly -~ to be available this
month, next month and n months hence. And since commodity
prices fluctuate gquite violently (see Figure 1.1 for wheat),
these expectations or beliefs of the market seem to fluctu-
ate gquite widely -~- if not randomly.

Since commodity markets ~- with a well organized
futures market -- are as close ag the economists' model of pure

competition -~ with the envuing possibility to empirically
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apply and test some of the theoretical insights of current
economic theory -- they also are an ideal place to model and
measure the effect and value of information and improved infor-
mation [201]1.

It is the working hypothesis of this study =-- in-
vestigated and measured in subsequent chapters -- that improved
information on agriculture crops {(wheat) will enter over futures
market prices to the spot market prices with a general smooth-
ing effect of commodity prices -- spot and futures.

To state our hypothesis in graphical form, we plotted
in Figure 1.2 the winter wheat spot price, by month, for 1972,
with information and sourxrces of information as they were. The
major single event in that yvear was, of course, the "Russian
Wheat" deal for about 10 MMT (of a total world small grain food
crop of about 700 MMT in recent years). We contend that im-
proved (earlier, more accurate) information about potential of
a sizeable Soviet demand for wheat imports in world markets
would have led to upward price movements earlier, say in May
and June, while the deal, when éompleted at those new terms,
would have led to a lesser price increase after this wheat
transaction. The reasons for the latter effect are many, among
them: (1) The possibility that at higher spot prices in July
the Soviet Union might have bought less wheat {(due to total
budget constraints), (2} that at higher spot (and futures)
prices in May and June, more would have been stored in these

months, or less exported, (3) that consumption of wheat for




1st Prediction, U.5. Attache:
U.S.S.R. Deficit 1OMMT

* lst Public Report: 5SMMT Purchase

lst Public Report of
; Total Purchase

Winter Wheat
Prices $/Bushel
Spot Market

U.5.5.R. Wheat Purchases

0 ~——(.95MMT = Bunge, Cargill

g wemem— 1. 8MMT Dreyfuss, Cook

Cook

0.3MMT

0 ~————— 3, 75MMT = Continental,
cargill, Dreyfuss

o — 4.9MMT = Continental

Figure 1.2 An Example of the Likely Effect of Improved
Information on Wheat Prices Over Time
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some uses would have receded already in May and June, rather
than only later.

In the context of the above concepts of waste and
resource allocation, the reasons for losses or waste owing to
imperfect specific crop information are straightforwarxd.

® Accurate forecasts allow governments

and private operators to efficiently

utilize existing storage, transporta-
tion, processing infrastructures and

facilities. :

® Timely and accurate forecasts of sur-

pluses or shortfalls allow Government
and private operators to better plan
domestic and foreign transactions and
policies with regard to trade, price
supports and inventory holdings.

® TInaccurate crop estimates result in

distorted and more wvolatile prices
that, in turn, lead to waste and, if
monetary values are a good measuring
rod of satisfaction, lower lewvels of
social welfare than would be the case
if perfect information were available.
fro, 11, 13, 351.

To see how this might oscecur in production, consider
the following hypothetical, but illustrative, example pertain-
ing to the production of wheat. A farmer, having raised a win-
ter wheat crop and, in the presence of a forecast for a record
wheat harvest, might choose not to harvest some of his wheat,
but instead choose to plow some of it under for a summer
crop because the incremental cost of harvesting the extra
wheat was greater than the revenues the market was willing to

pay him at that time. The wheat crop forecast of a record wheat

harvest served to reduce the market price structure (the set of




present and future prices) of wheat since increased supply
interacting with unchanged demand will depress prices. If the
forecast was a gross overestimate, the farmer's correct decision
would have been to harvest all of the crop as prices would have
been higher in view of the true state of the world. From the
consumers' point of view, prices for wheat ultimately would bhe
forced above those that would have prevailed had the farmer not
reduced supplies by plowing under part of his crop. Though
occurring at different times, losses to both the farmer and

the consumer. could result from inaccurate crop forecasts.

1.3 Attributes and Statistical Analysis of Agricultural
Information

The "information™ in the title of this study refers
specifically to the production of wheat in its aggregate dquan-
titative aspects. The use of remote sensing satellites such
as LANDSAT for the measurement of crop production implies a
further narrowing of concepts.l However, to f£ix ideas we
shall consider information about agricultural production in

terms of the ongoing and future activity of crop forecasting.

This is a somewhat broader viewpoint than the "measurement of
crops" because it requires that the time-dependent aspects of
agricultural information be taken into account. In relation

to the dynamics of the market processes, it is clearly perti-

nent to have a time dimension to agricultural information.

Recognition of present-day limitations of the applica-
tion of LANDSAT to crop acreage measurement narrows the
field even more.
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The attributes of information which are considered

here are: availability, timeliness and accuracy. As previous-

1y analyzed,2 these represent a convenient and comprehensive
summary set of parameters in the context of economic =ztudies

of the value of ayricultural information. The availability of
crop forecasts and related agricultural information means: Who
has access to the information at a particular time? 1Is it
publicly available or priv}leged information? If it is public,
is access to the publigztion unrestricted? If there are tem-
porary restrictions, causing a delay in the public's access to
tire information, are they applied egually to all?

It has been observed that economic information, if
available only to a few, can lead to distorited prices and mis-
allocated reserves or waste. The distribution of information
amonyg market participants defines the information structure of
the system. With regard te this structure, we will assume in
this study that all information is egually available to all
market participants and that improved information also will be
available to all market participants.

The timing of the release of the crop information to
the public is a closely related but separate issue. If the
responsible agency were to hold back crop information until
long after harvest, for example, the usefulness of that infor-

mation to economic agents would be substantially diminished.

*ECON, Inc., The Economic Value of Remote Sensing of Earth
Resources from Space: An ERTS Overview and the value of
Continuity of Scrviece, 10 Volumes, Princeton, New Jersey,
December 1974.
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on the other hand, information released too hastily is usually
less reliable, since the very act of haste causes errors. There
clearly is a right time and a right speed to apply to the pub-
lication of economically important informationn. All of this is
built into the existing agricultural information system and
would have to be reevaluated for a new system based on sound
historical principles. USDA publishes its Crop Report at

3:00 p.m. on a Friday afterncon around the 20th of certain ' %
months. Forecasts of wheat production are published monthly

beginning in June for all wheat, earlier for winter wheat.

Year-end estimates of crop production are carefully prepared

by USDA to give the public highly accurate information on major

crops soon after harvest. Final revisions may be introduced

into crop production estimates as late as a year after the

first December report. In other countries, final estimates

are available only two to three years following the harvest.

With these facts in mind, we must perceive that

timekiness is a complex subject and that it is intertwined with

availability and accuracy in the sense that trade offs exist
between all three attributes. 1In our study of the published

crop forecast information and its impact on the wheat market,

ERrILE

we will treat timeliness as:

(i) a built-in institutional factor in the
empirical data and

L ST e R

(ii} an explicit property of forecasts which
can be traded off against accuracy in the
somewhat oversimplified sense of Figure 1.3,

b e
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A constant “shif+"™ in the lead time of a
sequence of fornc-»:ts corresponding to

a uniform improv. :n* of timeliness is
regarded as equiv ..at to a calculable,
but not necessarily uniform, improvement
in the accuracy of all the forecasts in
the sequence.

With these thoughts as a basis for our approach to
the quantitative treatment of timeliness, we leave the subiject
for the present. A fuller discussion will be found in Chapters
3 and 4.

The third and meost important attribute of crop in-
formation is its accuracy. A crop production farecast is accur-
ate to the extent that it is not in error. This much is obvious.
But how should we measure the errors.in forecasts? The diffi-
culty arises because of the impracticability of ever knowing,
with perfect accuracy, the true harvest on a worldwide basis.
The final estimates for each country represent the best avail-
able knowledge at the time of the true harvest in that country.
These are not necessarily what is published, however! Empir-~
ical weaknesses such as the deliberate falsiﬁication by gov-
ernments of their crop information are probably a fact of life
zbout which there is nothing we can do. To the extent thau
they exist in the data, the statistical model may underesti-
mate the improvement possible through a worldwide crop survey
system based on LANDSAT.

In Chapter 2 we will present our detailed analysis
of the accuracy of wheat production forecasting, both for

currently available information and for an improved system.

To obtain estimates of the accuracy of current crop forecasting




in each foreign country, we will use the final FAO production
estimates as representative of the "truth." For the United
Statés, the final revisions of all wheat production estimates, zs

published in the USDA publication, Crop Production, will be

taken as surrogates for the true wheat harvests.

The measure of accuracy which we adopt, following
a widespread practice of economics and statistics, is the
variance of the error distribution. . The use of the variance
provides automatic bias correction for the empirical case.
When modeling accuracy in a future system, we will assume un-
biased forecasts throughout but there is no need to do so in
relation to historical forecasts. Analysis will reveal that
they have fregquently shown some bias in fact.

To capture the timeliness aspect of crop fore-
casting which is implicit din the data, we will measure
separately the accuracy of each monthly forecast and the
final estimate of the annual crop production in each country.
The June forecast is generally less accurate than the December
estimate simply because more is know abeout the harvest in
December. Thus we will represent the accuracy of crop forecasts
for each country by a set of twelve error variances, which
generally decline throughout the crop year.

1.4 The Value of Improved Crop Forecast
Methods of Evaluation

The general approach to be followed in evaluating an

information system ~- LANDSAT with associated ground equipment




for receiving and processing the data -~ which has the poten-
tial capability for achieving a worldwide improvement in crop
forecasting will be outlined in this section. The point of
view adopted here is that, although the technical details of

the new system are not fully known, the system will be capable
of generating improved forecast information on wheat production
on a worldwide basis, expressed in terms of the parameters of
information quality already described: availability, timeliness

and accuracy.

1.4.1 Outline of Modeling Approach

There are four parts to this general outline of
the modeling approach:

(1) Using the Marshallian welfare concept of
the integral under the demand function
as in our previous benefits studies, we
separate the incremental consumer surplus
{B+C+D in Pigure 1.4} from the incremen-
tal producer surplus (F}. The direct cause
of consumer and producer surpluses is an
assurred downward movement in the cost of
of supply function as a result of reduced
uncertainty regarding future supplies.
This is the "production effect" which the
meodel uses to incorporate the many factors
of economic advantage accruing from a con-
tinuous and lasting improvement in crop
infcrmation., The direction of this effect
(i.e., lower coscts) will be confirmed by
the empirical effort.

(2 Consumer and producer Surpluses are calculated
as quadratic forms in the old and new egquili-
brium prices and quantities before and after
introduction of an operational LANDSAT system.

3 . s

Of these, only accuracy enters our models explicitly.
The other two are represented in the empirical effort,
implicitly, and in the form of our assumptions.
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The ret economic effects of improved crop in-
formation will be looked at in the context of
international trade. For this purpose, we
assume a two-country world: the united States
as the exporter, and an importing unit called
"the rest of the world.®" The demand for wheat,
both in the United States and the rest of the
world, 1s estimated as a linear function. The
demand functions play a central role in the
benefits model; in particular, they determine
the equilibrium trade -- exports and imports --
in this two-country world. Economic gains and
losses from improved crop forecasts are cal-
culated as incremental consumer and producer
surpluses in both the United States and the
rest of the werld but additional benefits to
the exporter {United States) can be derived from

increased trade revenues. {See Figures l.5(a)
and 1.5(b) for a schematic explanation of this
effect.)

(3} The impact of improved crop forecasts on the
world wheat markets is modeled econometrically.
Using the best available data on grain price
movements, stocks and trade flows, this empirical
effort arrives at estimates of the economic para-
meters of the market process. Egquilibrium prices
and guantities are then estimated by the world
wheat market model for the existing state-of-crop
forecasting and a&aln for the improved system.
The equilibrium. c‘tlmates are based on a segquence
of twentv-four censecutive months of market re-
sponse to tiiz monthlw crop forecasts of wheat
production on a worldwide basis.

{4) The net benefits to the United States are cal-
culated as the algebraic sum of all consumer
and producer gains and losses dvue to the im-
provement of wheat crop information. Benefits
are also derived separately for consumers and
producers in the United States. & similar cal-
culation also exists for the rest of the world.
However, the asymmetric aspects of the modeled
situation should be kept clearly in mind: the
United States is only exporter. Thus, in our

model, only the United States can obtain export ;
benefits due to increased or smoothed world trade
patterns in wheat. The rest of the world may ob-
tain import benefits as a result of the improved
crop forecasts.
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1.4.2 Dynamic Analysis of International Trade
Effects

fhe methods of analysis outlined in the previous sec-
tion do not adequately convey the dynamic processes of the mar-
ket response to information. ‘This study emphasizes the asym-
metric aspects of the trade effects which other studies have
previously failed to notice. There is an important difference
in the benefits when the trade effects are correctly modeled
as the following illustrative numerical example demonstrates.

l1.4.2.1 Illustrative Two-period Example of

International Trade Effects from Improved
Wor ldwide Crop Information

For illustrative purposes, we assume two periods --
crop vears -- and two countries, one of which (U.S.) exports
to the other (rest of the world -- abbreviated to "R.O.W.").
Decisions to trade, and how much, are made only at the begin-
ning of each period. Harvest occurs within each period and the
world finds out any errors in crop forecasting as a result,
Errors of underestimation of the importer's crop can be par-
tially corrected in the following period by using the excess
stocks to offset imports. On the contrary, it will be seen
that errors of overestimation of the importer's crop cannotl
be corrected in the same fashion. Consumption rates in the
importing country will have declined in one period and there
is no compensating increase dé&ing the next period. Inventor-
ies cannot become negative and this simple fact is at the

heart of the asymmetric behavior.




Figure l.6(a) presents the essential numbers for-
crop production, consumption, trade and inventory under perfect
information (E=o). The time chart shows the (linear) simpli-
fied patterns of consumption, c¢rop production and actual supply
within the crop year. Inventories are assumed to starxt at
zero for this example and remain at zereo under perfect infor-
mation. The economic advantages of trade — a net gain to the
exporter with no losses to the importer -- are depicted schem-—
atically in Figure 1.6(b}.

Continuing the illustrative exampl=, we now consider
the case of a substantial negative error (E= -4) in the supply
estimates for R.0O.W. caused by the underestimation of the R.O.W,
crop. Calculating from the same demand schedules as before,
the eguilibrium trade in period one is now 2runits highexr than
before (not 4) and in period two, after the error is discovered,
there is a positive inventory of 4 units in R.O.W. Using
this inventory, the R.O0.W. reduces imports in period two to
2 units, giving a total two-period trade of 8 units, as
before, but with a different temporal distribution. For the
case of the underestimation error, detailed figures are shown
in Figure l.6({c).

The welfare effects are illustrated in Figure 1.6(d).
The underestimate of R.0.W. crop causes an error of E= -4
which is reflected in swings in the trade pattern, although
two-period total trade is unaffected. 1In this case, the United

States has a net gain from the error over two periods, so
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there would be a resultant United States loss if the error were
to be completely eliminated.

Following the analysis in similar mannexr for the
case of an overestimate of R.0.W. crop production in period one,
we assume (symmetrically) an error of B= +4 units in the R.O.W.
supply estimate for period two. The R.O.W. import decision, un-
der our strict assumptions, is to import only 2 units in period
one. When the harvest comes in, the shortage is discovered but
it is too late to do anything about it within the period.
Since there are no "negative inventories," the mistake is not
corrected in period two when we assume things return to normal.
Total trade for both periods is down by 2 units and R.O0.W. has
suffered ¢he shortages mentioned above,.

The details of the overestimation case are shown in
Figure 1.6(e). Turning to the welfare effects, shown schema-
tically in Figure 1.6(f), we see that there is a net United
States loss due to the overestimate: this is associated with
the reduced total volume of exports (6 units as compared with
8) within two full periods. By eliminating overestimation
errors completely, one would accordingly establish a net
United States gain as shown in the diagram on the left of
Figure 1.6(f).

For completion of the example, it is only necessary
to consider the combiration of economic effects from both types

of error, At this level of discussion, there is no reason to

suppose one type more prevalent than the other (if it were so




i

FIRST PER

glcaor) TRADE CROP

100
ACTUAL

SUPPLY FOR
CONSUMPTIOM

U.S. 1 -2 14 12
g 10 +2 6 8 (RELATIVE HUNGER)
noW
74 15 76 ’
paST PUTURE -
10
crop 6 Jliiu’/f/f
i =
4
4 4
[MPORYS - ': 12 I —
o0 .
actua. 17 12a
SUPPLY 8l ga_ "
~
(Crop and |- S
Impotrts) e
) ‘\\P il
Expected
a g Bquili-
INVENTORY j fumger brlum .
& HEW
DECISIONS
e O INVENTORY
FROM 1975
NOW

Figure l.6(e)

e BT e

SECOND PERIOD

EX

>

Overestimate of R.O.W.

PECTED

CROP TRADE

14 -4 10
6 + 10

SUPPLY

TNVENTORY

LRADE

Fariod 1

Perfod 2

FORMATION

0
0

Total

ERROR

Ty

)

E = +4

2

4

Crop (E

= +4)

6Z~T1

—



\

NET U.S. GAIN {1975)

FROM ELIMINATING OVER ESTIMATE

To

U.S. EXPORTS

Figure 1l.6(f)

D
REST OF WORLD

| N\

P=Po :
ESTIMATED REST OF
1 “~WORLD CROP

Py

< ACTUAL —>[*" EEZOR-—“}

REST OF WORLD
ERROR = +1

COST OF SUPPLIES

FROM U. S,

1975

=

REST OF WORLD CROP
ESTIMATE

Net United States Gain From E1
Overestimation Error

F N——

IMPORTS .
FROM U,5. (1975)

imination of

OeE-T



S

- 1-31

this would not alter the trend of the argument), so we take
each error with one half weight. The £ull treatment of the
subject (see Chapter 2) would of course take into account a
distribution of errors. HNevertheless, the basic point is made
in this simple example that the expected wvalue resulting from
eliminating both over and underestimation errors in crop fore-
casts is a net (trade) benefit to the United States. Figure
l.6(g}) shows the whole segquence of welfare charts leading up
to the final chart on the lower right which presents the com-
bined effect for the United States: a net gain of 1 unit

over both periods in the average.

The example does not consider welfare effects for
the rest of the world, nor does it attempt realism in relation
to how price movements would occur over time: we leave these
and numercus other details to Chapters 3 and 4. Nevertheless,
the numbers presented in the example have meaning and are deriv-
ed from sound economic assumptions which are summarized in
Figure 1.6(h) for the sake of completeness. It has indicated
that the asywmmetric economic behavior of importing countries
with respect to equal over and underestimation errors, re-
sults in two-period average net gains to the exporting country
(in our medel this refers only to the United States). The
argument is wvalid if the decision period is a guarter or a
month and the same type of asymmetric trade effect -- only
with different absolute magnitude -- will be observed. To ver-

ify this claim, a small computer simulation was run of the

S
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asymmetric trade effect using random errors with two percent
standard deviation over 40 consecutive periods.4 The net
average United States gain was calculated based on assumed 50
percent level for United States exports as a fraction of
United States production. With a conventiaonal estimated value
of United States demand elasticity at -0.5, the result is $241
million if the R.O.W. is completely price inelastic (at eguili-
brium prices and supply) in their demand for‘grain. When we
assumed that R.O0.W. had the same demand elasticity as the
United States, the net average gain to the United States was
$123 million. The main point of this simulation exercise is
to demonstrate clearly that the effect is not due to the sim-
plified treatment of errors of estimation in the illustrative

two-period example.

4The detailed assumptions, data and results of the
simulation exercise are appended to this chapter.
We can regard the periods as years without viclating
the assumptions of this exercise, 1f we are willing to
ignore the effects of long-term shifts in demand and
supply for 40 years.
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APPENDIX TO CHAPTER 1:

SIMULATION OF ASYMMETRIC TRADE EFFECTS




ASYMMETRIC TRADE EFFECTS FOR OVER-AND UNDER-
SIMULATION ESTIMATION ERRORS: SMALL COMPUTER
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DERIVATION OF GAIN FROM IMPROVED INFORMATION
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ANNUAL GAIN OVER MANY YEARS
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RESULTS OF COMPUTER SIMULATION FOR 40 SEQUENTIAL PERIODS

RAIIDO
VARLADBLE

R

13
10
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67
55
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64
20
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36
%6
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39
15,
27
45
25
55
73
75

i ROYW MEASUREMENT INVENTORY CHANGE IN U.S. TRADE
{0-7%) ERROR IN ROW At
Milog=.02) L €row =0 €row = -0.5

-, 0226 .0226 +, 0113
-. 0258 . 0258 +, 0032 +. 0016

. 0062 0 -. 0320 -. 0160

. 0088 0 -. 0088 -. 0044

. 0026 0 -. 0026 -.0013
L0156 0 -. 0156 -. 0078
..0072 0 -. 0072 -. 0034
-. 0170 0170 +. 0170 +, 0085
.0270 0 ~-. 0440 -, 0220
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. 0350 0 -.0422 -, 0211
-, 0072 . 0072 +.0072 +.0036
-. 0056 . 0056 -, 0016 -, 0008
-, 0208 . 0208 +,0152 +. 0076 -
~-. 0124 0124 -. 0084 -.0042
-, 0026 , 0026 -. 0098 -, 0049
-. 0136 L0136 -.0110 -, 0055

. 0026 0 -. 0162 -. 0081
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L0136 0 -. 0136 -. 0068
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RESULTS OF COMPUTER SIMULATION FOR 40 SEQUENTIAL PERIODS

(continued)

BAZVDCL ROW

-----

R

12
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03
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ERROR
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I erow =0
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CHANGE IN U.S. TRADE
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Crow ~ -0.5
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SUMMARY OF U.S. GAINS FROM ASYMMETRIC TRADE EFFECTS
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2. CROP INFORMATION

2.1 Wheat Producition Forecasts: Current Knowledge

% A full discussion of the methods of wheat production
measurement and forecasting would occupy a volume as large as
this entire report. The present section will only deal with

selected aspects of the subject: (i} sources of forecast in-

formation on wheat, {ii) the causes of forecast error in the

United States, and (iii) analytical methods for deriving use-

? ful statistics of forecast errors in the United States and the
Rest of the World today. The analytical reguirements of the
present study of benefits from improved crop information lead
to a specialized technical point of view toward the statistical
analysis. The major numerical results are variances of monthly
wheat production forecasts for eleven major wheat-producing

countries before and after introduction of an operational

LANDSAT system. Since these statistics are an original con-
tribution of the present study, they will be presented in

Section 2.3 as part of the modeling approach. Accuracy of

wheat forecasts and their error distributions will be discussed
in general terms in the present section.

¥ 2.1.1. Background: Crop Measurement and Reporting

The measurement of crops - at planting and at harvest
§: is necessary for planning and decision-making in agricultural
commodity firms, in governmental agencies and on the farms which

produce the crops. Crop production reporting at state or national
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levels forms the basis for market and stocking decisions which,
in turn, influence prices and supplies of commodities. Service
industries, e.g., those providing storage facilities or trans-
portation for commodities need to know crop production statistics
for proper management of business planning. The farmer who is
considering whether to plant soybeans or grains in his acreage
is interested in crop statistics (prices, acreage, etc.) to guide
his decision. The administrator of a PL480 program, distributing
food products %o assist countries with severe shortages, needs
to have estimates of crop production in those countries.

Crop reporting by'USDA, as we know it today, has
evolved over the last 100 yéars. The scientific sampling of
U.8. farms, the use of regression medels for forecasting and
estimation, and the development of computerized technigues for
processing the large amount of data collected, have all been in-
troduced to improve crop reporting in the last twenty-five years.

A crop forecast, as viewed by the USDA Statistical
Reporting Service,5 is distingquished from an estimate in that:
"forecasts relate to an expected future occurrence, such as
c¢rop yields prior to actual harvest of the crop." Both fore-
casts and estimates of wheat production in the U.S. and Rest of
the World are useful in the agricultural community and necessary
for the present study. The accuravy of wheat production fore-

casts in the available published sources will be reviewed in

+ A, v —

> scope and Methods of the Statistical Reporting Service,
USDA Miscellaneous Publication No. 1308, November 1975.
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the following pages in order to prepare estimates of the acg-

curacy of the baseline crop reporting "information system," :

i.e.; without the use of operational remote sensing of crops
from space. The sources of statistical data are listed in
Table 2.1. For the United States, the USDA publication Crop

Production (K} was used as a source both of forecasts, for all

wheat of annual U.S. production, and of final estimates of the
same gquantities. Wheat production forecasts for foreign
countries were obtained mainly from the Grain Bulletin (F)
published monthly in the U.K. by the Commonwealth Secretariat.
Final estimates of true wheat production by country £or the
vears 1960 to 1974 were obtained from FAQO Production Yearbook (4).
Although some uncertaintly exists concerning the true
final wheat production in many foreign countries, even long
after the harvest is complete, it must be stated that the USDA
is sidely acknowledged to be the source of the most comprehen-
sive and accurate information on crop preduction. Thus it is
of interest to consider the goals and achievements of USDA as

a model of excellence. For the year-end annual crop production

estimates, the USDA geoal on a national scale is to be within
+2 percent for major crops. Analysi56 of actual forecast ac-
curacies shows that, for the period 1929-1970, only the Novem-
ber forecast for corn and the August forecast for winter wheat

met this goal on the average. However, improvements have been

6 Gunnelson, G., W. D. Dodson and S. Pamperin: "Analysis
; of the Accuracy of USDA Crop Forecast," Journal of
; Agricultural Economics, November 1972, pp. 639-645.




Table 2.1 Sources of Statistical Information on Crops

Code

Source

<> 2N 1y LC> B = B o R & T +

C =2 X B R 4 H

FAO Production Yearbook

FAQ Trade Yearbook

FAQO Monthly Bulletin

IWC World Wheat Statistics

IWC Review of World Wheat Situation

Grain Bulletin, Commonwealth Secretariat

Commodity Research Bureau Commodity Yearbook

Foreign Agriculture Service Foreign Agriculture

Circular, FG 10-74 April 1974

USDA Food Grain Statistics various issues

IMF International Financial Statisties

USDA Crop Production various issues from 1959 to 1975

FAS World Demand Prospects for Wheat in 1980 Report #62

UN Demographic Yearbook
Chicago Board of Trade Statistical Supplement
FAS World Grain Trade Statistics




made since 1970 in USDA crop forecasting, and it should be
mentioned that the stated goals were not adopted until the 1960s.
The well known results of the 1972 analysis by Gunnelson et. al.
are summarized in Table 2.2. To supplement this analysis we per-
formed a similar study (for wheat only) of the forecasts pub-
lished in the Grain Bulletin for the U.S. in the years 1960 to
1974. The results shown in Table 2.3 are roughly the same order
of magnitude if one takes into account that our statistics com-
prise all wheat, whereas Gunnelson et. al., studied winter wheat
and spring wheat separately.

2.1.2 State of Crop Forecasting: United States

There are several causes of error in U.S. crop pro-
duction forecasts7. The forecasts are based on estimates of
crop acreages in the United States and separate determinations
of crop yield, by crop reporting district (CRD). The forecast-
ing method relies on an assumption that weather, diseases and
insect infestation (i.e., causes of crop losses) will be "av-
erage” during the time remaining after the forecast until har-
vest. Departures from the average, which is taken with respect
to the most recent years for which data are available, inevi-
tably result in errors in the forecast. The various types of
error in U.S. crop production forecasts are listed in Table 2.4

below, and these must be considered within the c¢ontext of the

7 The errors in crop forecasting to which we refer are
statistical in mature, not procedural. They do not
invalidate the usefulness of the forwacasts.




Table 2,2 Size of Average Absclute Percentage -
Forecasting Errer in USDA Crop Fnrecasts a '
by Commodity and Fforccast Mconth, 1929-1970

=] | o ]
= . e
E§ Absolute Error by Forecast dMonth B
] commodity [Pecember April Hay June July ‘August September Cctober Hovember
>
— {Percertages)
& Barley 7.1 3.1 2.2 -
| Corn 9,2 5.9 1.9 2.8 2.0
Dats 4.9 2,9 . 2.4
’ Potatoes 5.8 4.5 3.2 2.6
Soybeans 5,62 5,1° 3,7¢ 2,9% -
. Spring Wheat 10,7 6.7 3.6 .8
Winter wheat® 11.5 8.5 7.6 6.9 4.0 2.1

aForecasting error equals the zbsolute difference betweepn. che forecast and the December
revised estimate expressed as a percentage of the Necember revised estimate,

bPercentages computed from data for 1944-1%70.
cPexcentages computed from data for 1940-1970.

dError percentages for Decembar winter wheat forecasts compuated from data for 1942-1%70, - ~
Error percentages for other winter wheat farecast months computed from 1%20-1970 data.

Source: G. Gunnelson, W.D, Dobson and-&. Pamperin: An Analysis of the
Accuracy of USDA Crop Porecasts, American Journal of Agricultural

Economics, Novembexr 1972.




Table 2.3 Standard Deviation of U.S. Monthly Wheat
"Forecast" Errors*
(1959 - 1974)

"Forecast" Month Standard Deviation of Percentage Forecast Error
May 8.78
June 8.11
July 3.38
Rugust 1.98
September 1.89
October 1.35
November 1.35
December 0.68 .
January 0.68
February 0.68
March 0.68
April : 0.68

Source: ECON analysis of Crop Production forecasts and estimates
for years 1959-1974,

* The published estimates of wheat production. are not all proper forecasts
since some are published after harvest.




Table 2.4 Tvpes of Error in U.S. Crop Forecasts

FOCRECAST OR
ESTIMATE OF

REPORTING
CYCLE

TYPES OF ERROR SOQURCE.

e MONTHLY U.S. CROP

*
® ANHUAL U.5. CROP

¢ MONTHLY STATE OR
REGIONAL CROP

® ANNUAL STATE OR
REGIONAL CROP

-
® MONTHLY

@ ANNUAL

. &
{1) FORECAST {BEFORE HARVEST)}

(2}

©

RANDCOMNESS OF NATURE

CROP MEASUREMENT ERROR
~ ACHEAGE
- YIELD

TIME LAGC BETWEEN MEASUREMENT
AND FORECAST '

FORECAST ERROR “"PER SE" (EVEX
YITH PERFECT INFORMATION)

HARVEST MEASUREMENT ERROR
{AT HARVEST)

CROP MFEASUREHENT ERROR
~ RCUEAGE
~ YBELD

@ TIME LAG UNTIL REPORTED

*
USDA/SRS practice

St R b T3 T b b
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quantity to be forecast - whether regional or national, monthly
or annual etc. - and the release or publication deadlines for
the crop forecast. Some errors are statistical in nature and
can only be reduced by increasing sample size or precision of
measurements, which implies increased cost of crop forecasting.
Other errors, such as those due to "randomness of nature," are
unavoidable, a fact of life.
Basic types of error in the crop acreage "stimates

are:

Sampling Error, which is due to the "unrepre-

sentative" character of the sample of farmlands

selected as a basis for estimating acreage

planted in the crop (of course the sample se-

lection process is designed to obtain as nearly
representative sample as possible)

Measurement Error, which is due to the imper-
fections of measuring the acreage selected for
inclusion in the sample

Difference Between Planted and Harvested Acreages.
The acreage planted is not the truly relevant
gquantity since crop preduction clearly depends

on the acreage harvested, which cannot be known

at the time when most forecasting is done. Thus,
we must also record the difference between acreage

planted (the potential harvest acreage) and acre-
age harvested as an unavoidable socurce of error.
It will be reduced by monitoring crop acreage
right up to harvest, but it will not be caompletely
eliminated in all cases.

Although we have referred to the first three types of
error as basic, the use of a good sample and the choice of a
scientific measurement technique will help to keep errors of
sampling and measurement to a minimum, In the case of errors
due to the difference between crop acreage planted and crop

acreage harvested, analysis of the reasons for crop abandonment,
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e.g., sudden frost, can permit revision of the estimates when
those reasons are known. Obviously this will not always be the
case. - '

In addition to the basic errors, there are also minor

or occasional sources of error which are as follows:

e recording errors, i.e., mistakes or mechanical
errors

° subjectivity in parts of the estimation program

® unavallability of some of the sample data, e.g.,

nonresponse in guestionnaire mail-out.
Although these sources of error clearly exist, they are not a
serious problem, insofar as their effects can easily be reduced
to acceptable proportions. They will not be considered further
in the present discussion, since they are not relevant to the
issue of improved worldwide agricultural crop statistics using
remote sensing from space.

2.1.3. State of Crop Forecasting: Foreign
Agriculture

The agricultural statistics from other countries vary
enormously in gquality, timeliness and comprehensiveness. In
many cases they are not based on scientific sampling and meas-
urement procedures and so cannot be considered in the same
framework of error analysis applied to the United States. Fur=~
thermore, there does not appear to exist any reliable measure %
of the accuracy of most foreign crop survey statistics since it 3
is hard to determine the true crop production even long after E
the event. To make matters worse, the deliberate falsification é

of publicly released crop producction figures by some governments 4
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is strongly indicated.

Crop production forecast accuracies for individual
countries and regions were calculated using FAO final harvest
figures and a mixture of official and naive crop forecasts.

The FAO final harvest figures typically are reported two to
three years after the harvest. Using these "final" figures as
the actual production gquantity, Root Mean Sguare (RMS) forecast
and revision errors were calculated. Specifically RMS exrors
were calculated for each country for eleven months prior to har-
vest completion, the month in which the harvest was completed
and for twelve months after the harvest was completed. This

was done using the 1960 to 1974 FAQ Production Yearbook and

Commonwealth Secretariat's Grain Bulletin wheat data.

The production forecast figures consist of official
forecasts and naive forecasts. The official forecasts are
those made by official agencies, departments or institutions in
each country or region. Often these forecasts are made in the
harvest month. However, the marketplace does not have the
luxury of ignoring the likely or possible outcome prior to
harvest. In order to £ill their information void, "naive" crop
forecasts were constructed for those months prior to harvest
and in which official forecasts are not made. The naive fore-
casts were constructed using a five year moving average of past
crop forecasts. This mechanism was used for two reasons. First,
it uses dgta available to the marketplace; second, it tends to

average out extreme harvests. Suprisingly, these forecasts, on



- 2-12

average are more accurate than the first official forecast for
many countries and are not far off from the first official fore-
cast in any country exgept those few where the forecast is made
in the harvest month.

Insofar as the world market for wheat exhibits rela-
tively free trade, it is the world production and its forecasts
that are of ultimate economic concern. The world production
and its forecasts nr course are made up of individual country
productions and :zheir forecasits. This study uses the eleven
major wheat producting count.ries8 for which monthly production
forecasts are published on a fairly consistent basis in the
Grain Bulletin. The aggregate production of the ten non-U.5.
countries represents about 70 percent of non-U.S. world wheat
production.

The forecasts for these ten countries were combined
after £illing in the gaps,9 and then the aggregated production
figures were inflated to 100 percent of non-U.S, wor'd wheat.
The source data are shown in Tables 2.5 and 2.6. As a con-
venient shorthand we will refer to the aggregated forecasts
from the ten non-U.S5. wheat-producing countries as the "Rest of
the World" in the discussions which follow. Appendix A contains
the forecast data by individual country from which Table 2.6

was compiled.

8 . . :
U.s.Ar., U.S5.8.R., Canada, Argentina, India, Spain, France,

Italy, U.K., Australia and South Africa.

g By the method described in Section 2.3.




Tabie 2.5

Monthly and Final Reports of Annual Production
of ALl Wheat Published by the USDA, and Planted

Asreage. 195%-1974
annual Production
(Milliong of Uushrls)
Planted 1
Acraage Yoo

Yeayr {(illionsg) Jun.l0 Jul.l0 Aug. 1l Sep.l190 Gee.l0 Dec.l0 Latey van,1978
1959 56.7 1182 1155 1119 1116 1117 1128 1127 1118 '
1960 54.9 1211 1347 1362 1368 1368 1263 1387 1335
1951 55.7 1342 1059 1204 1210 1211 1235 1238 1232
1962 42.3 1058 1050 1063 1096 1095 1092 inea 1992
1963 53.4 lose4q 1111 1161 1234 1133 1137 1142 1147
1964 55.7 1213 1275 1285 1290 1286 1296 1291 1253
1865 57.4 1282 1354 1376 1338 1354 1327 1316 1316
1966 54.1 1235 1240 1286 1296 1296 13} 1312 1395
1967 67.3 1550 1596 1511 1543 1554 1524 1522 1598 !
1968 6.9 1230 1588 1600 1597 1598 157G »576 1557 i
1969 53.5 1161 1425 1459 1457 1456 1459 1460 1443
1970 48.7 1076 1349 1357 1360 1360 1378 1370 1252
197) 53.8 1478* 1548 1e¢01 1625 ls28 1610 l6l8 1518
1972 54.9 1547* 1551 1543 1559 1559 1545 1545 »543
1273 59.0 1745% 1749 1717 1727 1727 1711 1705 1711
1974 71.£ 2053* 1925 1394 1792 1781 17913 —— 1793

-
Publication for all wheat discontinuny,
putlished spring wheat

forveare,

Thiv figure iu Forecast fur winter wheat plus Civsr

£ET-2
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Table 2.6 Aggregate "Rest of the World" Wheat Production

Forecasts (1860 to 1974)

In Millions of Metric Tons Annually
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2.2 The Potential of Remote Sensing Satellite for
Improved Crop Surveys

Investigators at the Laboratory for Application of Re-
mote Sensing at Purdue, the Center for Remote Sensing Research
at the University of California-Berkeley, the Earth Observations
Divison of NASA/Houston, the Space Technology Labs at the Uni-
versity of Kansas, and others have clearly demonstrated the
capability to identify major crops and measure their acreage
over large areas using LANDSAT imagery. Recently reported re-
sults10 for 10,000 acre test areas in North Dakoata and
Saskatchewan show 99 percent of the area under cultivation for
grains correctly classified. Better than 91 percent correct
¢lassification was achieved in all other land-use categories in
these test sites. By using scientific sampling methods, these
crop acreage measurements could be extended to the entire crop-
growing farmland of a nation or the world, providing that:

. the sample areas can be observed essentially
cloud free at cthe time of overflight;

Q the classification of agricultural land use in
the sampie areas can be calibrated to some
known reference fields.

At the present time, neither of these technical problems has
been completely solved on a worldwide basis, but if they are

solved, there is a clearly demonstrated potential for obtaining

accurate estimates of crop acreages by satellite remote sensing.

10p.p. Eghert, P.L. Dietrich and R.E. Fries, "Agricultural
Analysis of LANDSAT Digital Data From Williams County.
North Dakota, Using G.E. Image 100 System," NASA Earth
Resources Survey Symposium, Houston, June 1%75.
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The level of accuracy of these estimates applied to national
crop acreages cannot yet be predicted. However, the Large Area
Crop Inventory Experiment (LACIE) program of three U.S. federal
agencies (NASA, USDA and NOAA) is designed to provide a pilot
test of this application.

In addition to the potential for improved accuracy of
crop information, remote sensing satellites alsoc promise to
supply more timely information. Currently the crop production
{harvest) figures published by F.A.Q. are available for some
countries only at harvest time or even later. On the other
hand USDA publishes Zorecasts for the U.S. annual wheat crop
starting in June, and continuing every month until the harvest
is completed. The remote sensing satellite system appears to
offer a practical way for extending this pre-~harvest forecast-
ing capability to other countries at an acceptable cost. The
early information on acreage of growing crops in foreign coun-
tries may potentially be even more significant than the improved
accuracy.

Design nf a good sampling plan, one which can maintain
statistical reliability in spite of cloud cover or other inter-
ference with data acquistion from the crop-growing farmland
areas, is an unsolved but not especially difficult problem. The
present-day costs of data collection and processing necessitate
a sampling plan which budgets the area coverage carefully. Fu-
ture costs may be so low that a complete census of all agricul-

tural cropland becomes feasible, but this is not foreseeable

T et e
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today. In sampling cropland areas in foreign countries, it is
possible that the governmentse of those countries will resist

the satellite overflights, but unlikely, baszsed on experience to
date. More likely, the need to calibrate crop classifications
from satellite imagery with known reference fields in each sam-
Ple area will cause some intergovernmental problems. In rela-
tion to this issue, technological advances will open some doors,
and for the rest, we must assume that cooperative solutions will
be obtained where necessary for the success of the system, since
2ll the countries involved in production or consumpiion of a
crop stand to gain from its application.

2,.2.1 Crop Acreage Measurement from Remote
Sensing Imagery

The crop acreage for a particular agricultural region
may be loosely defined as the number of acres which have been
planted for cultivation of the crop, and in which conditions
are favorable to the growth of that crop. As the season ad-
vances from planting toward harvest, the harvestable acreage
changes - gradually due to changing weather, soil and moisture
conditions in the region - drastically due to infrequent catas-
trophes, such as major floods, which destroy large amounts of
crops. The measurement of crop acreage for the purpose of
making crop productien forecasts must ideally be done close to
harvest to avoid errors which would result from inclusion of
acreage which was planted but is not harvestable. In practice,
the process of measurement is one of continual update of the

acreage "to be harvested," beginning soon after planting and
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continuing until the crop harvest is complete within the region
of the survey.

There is a certain amount of ambiguity in the defini-
tion of crop acreage as used in the estimates of crop produc-—
tion prepared by responsible agencies such as the USDA's Sta-
tistical Reporting Service or the U.N.'s Food and Agriculture
Organization. This problem will be compounded when new remote
sensing estimation techniques for crop acreage are introduced.

In order to provide a meaningful analysis of the
errors of measurment for crop acreages it will be important
to use as a baseline, wherever possible, the concept of an
ideal measurement: the true acreage at harvest, which of
course cannot be known perfectly. Nevertheless it serves as
a reference point for all other definitions of crop acreage.

Remote sensing imagery can be successfully applied
to the measurement of crop acreage providing:

® the fields of that crop can be identified within
the images (and are not obscured by clouds)

[ th area of the fields on the images can be geo-
metrically calibrated

@ the boundaries of the fields can be resolved to
sufficient accuracy.

The multispectral scanners imagery as well as some of the high

resoclution photographic imagery available for large agricultural

regions meet these conditions to some extent.

2.2.2 Accuracy of Agricultural Crop Measurements
Derived Prom Remote Sensing Imagery

The remote sensing of crop acreage can be performed

e i o+ e A 2 o s s b Tt 2L L4 8 i« AT e e s 2 e
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at almost any desired level of accuracy if cost is not consid-

ered, To achieve a cost-effective operational system for meas-

uring worldwide crop acreage, one must assume a satellite with
sensors that have well defined capabiiities; in particular,

the identification of the crops from the imagery is a key re-
gquirement. With that in mind, we will discuss the accuracy
with reference to satellite-borne sensors similar toe the multi-
spectral scanner on LANDSAT.

The crop preoduction forecasts are the result of a
process of data collection, evaluation and integration which
is illustrated in Figure 2.1. The errors in the final forecast
are a composite of errors of sampling, measurement and infer-
ence. In order to know the accuracy (by error analysis) of
the forecast, one needs to know the accuracy of all the com-
ponents.

Algebraic analysis of the formula

Production = Acreage X Yield Per Acre

i.e., P = AY

shows that the relative errors for acreage and yield are

additive.

AP _ Ba + AY

P A Y
This simple fact does not take into account the propagation of
errors through the forecasting model. However, the forecast-
ing contribution to error can be associated exclusively with
the yield component so that the acreage component can be

treated as a current estimate. Since the remote sensing in-
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puts are only on the acreage side at present, we will explain
the errors in terms of

. an unimproved part, the yield component, which

is assumed not to be affected by remote sensing

using LANDSAT for purposes of this assessment;:

® an improved part, the acreage component, which is
affected by remote sensing using LANDSAT.

This assumption will result in conservative lower bounds for

the improvement of accuracy of crop production forecasts, and
any improvements of the yield component which develop will in-

dependently increase the overall accuracy.

The major sources of error in the crep acreage esti-
mates at harvest are measurement error and sampling error, as
discussed in Section 2.1. In evaluating a new technology (such
as LANDSAT) for obtaining crop acreage measurement, a trade-off
between the sampling errors and measurement errors arises. The
existing technology gives estimates with higher measurement ac-
curacy but much lower sampling fraction than the new technology
(for instance). The total error is, of course, the only one
that really matters. However, improvements may be achieved in
either of the two dimensions of the error separately. See
FPigure 2.2 for a schematic presentation of these ideas.

These comparisons of crop acreage estimates from dif-
ferent sources are even more applicable to worldwide agricul-
tural crop forecasting. The scientific sampling of crops in
many other wheat-producing countries is at a far lower level
than in the U.S8. and Canada, if it exists at all. Hence the

achievement of a global crop survey capability with LANDSAT
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for wheat, based on a scientifically designed sample, will bring
a significant reduction in total error. This remains true even

if the measurement of individual wheat fields in the sample is

only moderately accurate as long as a consistent measurement
bias can be avoided.

In the published forecasts of harvest by the world's
largest grain producer, the USSR, there are apparently enor-
mous errors or falsehoods; witness the "surprisingly" large
shortfalls in 1972 and again in 1975, In cases like this, there
is a need for more objective crop reporting and the remote sens-
ing satellite, whatever other errors it may lead to in crop re-
ports does provide a source of objective measurements.

2.2.3 The Accuracy of LANDSAT Crop Area Mensura-

tior As a Function of Field Size and Spatial
Resolution

Table 2.7 records a scatter of reported acreage men-
suration results by NASA principal investigators. Without en-
hancement by secondary processing usiny "ground truth" data,
these range from 45 percent to 84 percent; after processing
they range from 9% percent to 98 percent. The lower accuracies
are a result of poor identification; using aerial photography
and SRS data the identification is significantly improved leav-
ing nearly pure mensuration error. The mensuration error for
crop acreage, isolated from identification error and other

sources of error, has been characterized in the NASA's Task




Table 2.7 Remote Sensing Accuracy of Area Mensuration:
ERTS~1
; Average Percent Correct
R ge Classification of Fields
. Field :
Prime .
Size Bef s d- Befor s d
Source Subject (acres) erore secon etoze secon
ary Processing |[ary Processing
Thomson rice 174 B4% 98%
- ERIM
Malila and lakes 18 45% 26%
Nalepka
- BRIM
Morain wheat 96 - 95%
- U.,XKansas .
Von Steen soybeans 20 72 - 80% 28%
- USDA and
cotton
Source: D. B. Wood, "The Use of The Earith Resources Tech-
nclogy Satellite (ERTS) For Crop Production
Forecasts," Draft final report by Task Force on
Agricultural Forecasting, July 1974.
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Force Report11 by the relationship

where e = relative error of pure mensuration
a = pixel area {approx. l.1l acres)
A = field size in acres
K = adjustment factor for secondary

processing.

This approach can be improved by considering the prob-
lem in statistical terms. ‘The errors of remote sensing meas-
urement for crop acreage derive mostly from the misclassifi-
cation of area units or pixels. There are two types of mis-
classifiaction error in relation to the measurement of acreage
for a specific crop such as wheat: (i) failure to identify
wheat areas as wheat (nonrecognition), and (ii) the identifi-
cation of a nonwheat area as a wheat area (false alarm). A
binomial probability moc'iel12 for the statistical errors in
remote sensing mensuration of an area A gives the following
results for the first two moments of the distribution of

relative error:

Ele) = —>— (p, - B))
2 J/a
sr3
vie) = =75 (Py9; * P19y)

11 4, B. Wood, "The Use of the Earth Resources Technology
Satellite (ERTS) for Crop Production Forecasts," Draft
final report by Task Force on Agricultural Forecasting,
July 1974.

12
See Appendix C.




where e = the error of mensuration relative to a
s = shape factor = 4 for square field
r = length of the side of 1 pixel
Pl = probability of nonrecognition of wheat

p, = probability of false alarm for wheat

9, = 1 - Py 9, = 1 = P,.

r

From these it is possible to calculate an approximate 95 per-

cent confidence interval for the relative errors:

(Ef{e) - (1.96)JG(e) . E{e) + (1.96) vVie) )

Table 2.8 provides a sensitivity analysis for the relative
errors based on this confidence interval formulation. It is

important to realize that, even when P, = P and the expected

1
relative error is zero (no bias in classification of wheat),
there is still a substantial possibility of significant error
due to the nonzero variance. With both Py and P, at 10 per-
cent for example, the 2-sigma limits for relative error are at
5.3 percent, allowing for even greater relative error than 5.3
percent once ocut of twenty times.

The results of this analysis are not conclusive for

crop production forecasts, since they do not take into account

the variability of yield per acre, nor do they account for the
propagation of error through the time-dependent aspects of the
forecasting systen. In our modeling approach, to be described

in Section 2.3, we will adopt another point of view with regard
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"UE Table 2.8 Sensitivity Analysis of Relative Brror of Area
SE Mensuration fox l00-pixel Scenes with Varying
WF Nan~-Recognition and False Alarm Error Rates
———ma i g et e era e T T VT D —
%iﬁ Py, = Probability nf Non-recognition: P, = False Alarm Rate
e Parenthetical Fiqures Are 95% Confidence Limits; Beneath
?‘g Them Are Expected Values of Relative Ervor %
Py 0.00 0.01 0.05 0.10 0.25 0.50
* 0.00 (0,0} (-1.0, 1.4) {-1.7, 3.7} (~1.7, 5.7} (~0.4, 10.4) (3.8, 16.2)
0 0.2 1.0 2.0 5.0 lo0.0
0.01 {(-1.4, 1.0} {-1.7, 1.7} {(-2.2, 3.8) (=2.1, 5.7) {~0,7, 10.3) {3.5%, 16.1)
-0.2 0 0.8 1.8 4.8 9.8
0.05 {-3.7, 1.7} (~3.8, 2,2} (-3.8, 3.8) {~3.6, 5.6} {~2.0, 10.0) (-2.2, 15.8)
~1.0 -0.,8 0 1.0 4.0 9.0
0.10 (-5.7, 2.1} {(-5.7, 2.1) (-5.6, 3.6} (-5.3, 5.3} (-3.5, 9.5) (0.9, 15.,2)
-2.0 -1.8 ~1.0 o 3.0 8.0
Q.25 {~l10.4, 0.4) (-10.3, 0.7) {(=-10.0, 2.0Q) (-9.5, 3.5) (-7.6, 7.6) («3.2, 13.2)
~-5,0 -4.8 -4.0 -3.0 0 5.0
0.50 {-l6.2, -3.8) (-16.1,-3.5) |{-15.8, -2.2){(15.2, -0.8) {13.2, 3.2) {-8.8, B.B)
-10.0 -9.8 -9.,0 -8.0 -5.0 0

R I T T T A T

Le-2¢

e e A ke
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to the errors in crop production forecasting, which is more
suited to the requirements of the benefits analysis. The
discussion so far has provided a background of plausibility

for improved crop forecasting using a remote sensing satellite
system, since it is always feasible to combine improved acreage
information with current knowledge of yields per .acre. ‘The
development of a worldwide remote sensing crop survey would
supply timely and comprehensive information on growing crop
acreages, resulting in both increased objectivity and in-
creased sample coverage of the total cropland.

2.3 "Information System": Current Version

As described in Section 2.1, the 1960-1974 USDA

Crop Production, U.K. Grain Bulletin and FAO Production Year-

book data on worldwide wheat production were analyzed for assess-
ment of the forecast errors in the current "information system."
The modeling approach of the present section reqguires as inputs
estimates of the variances of the annual wheat production fore-
cast, published monthly, for the United States and the Rest of
the World. In addition, the variance of the final production
estimate for each crop year is required.

Information on the size of the new crop of wheat
each year is generally available in Spring.l3 We have chosen

to start the crop year on June 1 to synchronize the model of

3 . . . .
1 USDA published its first forecast of winter wheat pro-
duction for the U.S. in April until 1971, and in May

since then and the first forecast of all wheat in June.
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the information system with observed fact. The Grain Bulletin
supplies forecasts of expected future and present wheat produc-
tion in most of the eleven countries on our select -ist in its
September issue each year,. Thus to obtain earlier forecasts for
non-yU.8. countries -- June through August -- it was sometimes
necessary to construct five-year moving averages of wheat
production in previous years as described in Section 2.1.
Although the Southern hemisphere countries--.Argentina, Australia,
and South America--are six months out of phase with the Northern
countries, the information available on their November-January
winter wheat harvest does not appear early enough in the pub-
lished sources to make a significant difference to our modeling
approach.

Table 2.9 shows the completed series of all wheat
production forecasts for the U.S. in 19€0-1974: in months for
which new forecasts are published by USDA, these are converted
to millions of metric tons and used;14 all other figures are
either continuations of the previous monthly forecasts or in
case of the early months, five-~year moving averages of final
USDA production estimates. The "final" column contains the
final USDA production estimate of all wheat production, which
is published at the end of the year following the harvest. These
figures were obtained, unlike those for other countries, from

the USDA Crop Production.

}QUSDA has generally expressed production forecasts

in millions of bushels.
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Table 2.9

Forecasts of United
Production in 1960-1974
of Ssame {millions of metric tons).

States All Wheat
and Final Estimates

YEH JULy HLG SEFT acT RHN
1< HELT ICI | ar. e a7, d a7, 2
1% 8.8 & a2, i PR AILE
is 2E.e Se 2.8 29,8 23,8
1% : o 51,3 EIC I SR, B e, 2
EF az.0 7 25,0 E5,.1 ALY 25,0
{9 md 3 2 A7.5 ar. SE.S a6 5
19 33,8 5.8 5.8 5.3 35,3 5.3
1967 g4z, & 43,4 41.1 4.6 42,3 42,37
it iC P g3, 2 3.7 3,3 43,5 43.5
i9Es B 35,0 CE C SR AR
1avi 29,03 ST AE. T a7.8 3V & 7.8
1971 Gi,.E 42,1 3.6 44,2 44,73 48,3
1972 42.1 d2.08 2.6 4z, 4 43,4 42,3
19732 4Y.0 47.8 4E.7 47,48 47,4 47 .8
1374 I 2. ol.b GE. 58 3.0 $E5. 0

YERR nED Arit FER P 1Rk,
1oee S 3yl 1 w2l A7 TP
193 CHEpaD LI £ JEIC Ty S 23.5 2300
THEE = G 7 2H.T 2907 23T
1963 dEL EIS e 3@, 2 3G, G a2i.2
194 CINIAN 20,1 1 CHI CHINS | A,

L IBED ool el 1 TEL 1 aS.E
tode as.7 357 v 25,7 h a2E.5
LHET 41,5 41.5 ] 41.5 S 41.8
1? : 4z, 7 2.7 127 42,7 7 42,4
1= 3.7 39,7 9.7 ICRUE 7 9.3
1370 AT 7.5 AT Y. G 5 T
197 G R G & b
197V d2.1 42,1 42,1 i J2.1
1973 JEL de. 8 din, 6 £ dE, 0
1y 18,32 4.3 45,5 ] Jo.08

USDA Crop Production. ’

Sourceo:

Iinterpolation by ECON.
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Table 2.10 shows the completed series of all wheat
prodﬁction forecasts for the aggregated Rest of the World, i.e.,
all wheat-producing countries other than the United States.

The method for constructing the series was the same as for the
United States, except that two additional steps were necessary:
® aggregation of total wheat production for

the ten non-U.8. countries on the select
list

o inflation to i00 percent through division

by 0.70 since these countries represented
approximately 70 percent of the total
non-U.S5. wheat production.

From these data the forecast variances are calculated.
The sample years, 1960-1974, represent a period in which the
production of wheat increased markedly: about 36 percent fox
the United States, 47 percent for the Rest of the World. It is
possible that, as the harvest size increases, the absolute fore-
cast wiil increase through the sample years, representing per-
haps a constant relative (percent) error. If so, the estimates
of relative error will be somewhat better than the estimates of
absolute error, and vice versa if there is a tendercy towards
constant absolute error. To explore these possibilities we
performed a simple linear detrending of the forecast @srrors and
recalculated the wvariances. The results sho»w that there is no
significant trend in the absolute forecast errors for the years
1960 to 1974 for the United States wheat production, but that

for the Pest of the World there is a slight downward trend in

absolute forecast error over the fifteen sample years for cer-




Table 2.10 Forecasts of the Rest of the World All Wheat
Production in 1960-1974 and Final Estimates
of Same (millions of metric tons).

YEF AUHE SEFT oot My
19 17a, = 1 = 17,5 1va. o 17a.2
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iada e R P DR 5 24309 2472.1
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137 = v =51 b 1 ciad, ¥ Sed, V¥
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source: U.K. Grain Bulletin and FAQO Production Yearbook.
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tain months. There is also a slight negative bias in the R.O.W.
forecasts. These effects, while iﬁteresting in themselves, have
no further bearing on the present study. Full discussion and
analysis of this issue is available in ECON's working papers.
Table 2.11 shows the estimated variances.

In months such as November and January through April
no significant new information was presented for the United
States and the forecast variance does not change in these
months. Large forecast errors in March and Apxil for the
Rest of the World represent drastic revisions in some years of
the late estimates of the completed harvest. The two sets of
forecast variances characterize the current information system
for the nodel and represent the baseline inputs. In the next
section, we will discuss the method of estimation for the
*improved"' variances and compare the results with Table 2.11.

2.4 Information System: Operational LANDSAT With
LACIE Goals

The statistical properties of a future system which
does not yet exist in an operational form are necessarily some-
what speculative. The accuracy with which wheat acreage in the
United States can be identified and measured using LANDSAT
digital data is known to some extent from scientific research
over the past three to four years. But this does not yet allow
precise inferences regarding the statistics of crop production
forecasting from a hypothetical LANDSAT operational system. The

extent of uncertainty due to weather and crop stress, the effects




Table 2.11 Estimated Forecast Error RMS by Month
Within Crop Year: 1960-19274
Month U.s8.A, R.Q.W.
' MMT % of Actual . MMT % of Actual

May 1 3.3892 8.7866 1 16.502 7.113
June 2 3.1295 8.1134 2 17.985 7.752
July 3 1.3047 3.3826 3 18.356 7.812
August 4 0.7661 1.9862 4 18.889 8.142
September| 5 0.7313 1.8959 5 16.272 7.014
October 6 0.5234 1.3570 g 15.855 6.834
Nevember 7  0.5234 1.3570 7 16.665 | 7.183
December 8 0.2633 0.6827 g 15.820 6.819
January g 0.2633 0.6827 9 14,282 6.15F
February 110 0.2633 0.6827 10 15.836 6.826
March 11 0.2633 0.6827 11 15.734 6.782
April 12 0.2633 0.6827 12 15.769 6.797

Source: ECOHN calculation based or Tables 2.5 and 2.6
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cf data losses and delays, the integration of LANDSAT data
with other agricultural data to form a new forecast -- all of
these effects exist and remain relatively unquantified. Con-
sequently, we must model the informagion system in a different
way to arrive at a set of crop production forecast variances
which are the required inputs to the benefits model.

The approach to be followed in the present section
will derive its methodology from the probability theorem of
A, Kolmogorovls and its standards of achievement from the early
LACIE goals: 90 percent accuracy, with 90 percent confidence.
Without needing to assume a parametric form for the distribution
of future wheat production forecasts from a LANDSAT system, we
will use Kolmogorov's Inequality Theorem to derive a measure
of relative forecast accuracy from the "90-90" goal. The

theorem states:

Let Xl. v Xn be mutuvally iodecpendent vari-
ables with expectations |, = E(X ) and
5 k k
variances Ok . Put
Sk = xl oL F xk (2.4.1)
and
= K = e es F 2.4.2
my }(Sk) Myt My o (2. )
2 2 2
= g = . . 2.4.3
S var (s, } I { )
15 . s .
See Section 9.7 of: “Probability Theory and its

Applications," Volume 1., by W. Feller, Wiley, 1950.




T e

SN

For every t20, the probability of the simult-

tancous realization of the n  inequalities:

ls, - m | <ts , x =1, 2, ..., n (2.4.4)

The information system will generate, within each crop year,
a sequence of production forecasts and estimates (depending on

the time of publication in relation to harvest}):
l.‘l : ].‘2 R P . I.",{ “‘IIC' ro k 5 12
which may be indexed i = 1, 2, ... , 12, as in Table 2.11

from May through April. One more estimate F represents the

13’
final revision of the crop production for that crop year and
may be published much later. However, we assume that this final
estimate represents "the truth" and that the market is essen-

tially aware of its value before the new crop information com-

mences in the second May. Now let

= - i = &
By = Fyy_(4.1) = Fpgog £OT 1= 1,2,3,...,12. (2.4.5)

We assume that the forecasts are unbiased, so that
E " . = 5 X = =
( 1) 13 @nd E(X;) ui 0

for i = 1,2,...,12 . (2.4.6)



X6
and that the Xi are mutually independent and have constant
variance 62. Applying the theorem to the X's now gives the

following useful result:

Prob { Fror k =1, 2, ... , 121

’

¥ = |F - F < 5 ¢ > 2.4.7
|‘ xi[ Irl3 F .| s 10.95450) 2> .90 )

i-1

; 2 . . 2.3
by choosing t~ = 10 and n = 12 in (2.4.4}, since S, T (ng™)
anc.’t(ntz)ﬁIr = 10.9545 Phe statement can be interpreted as a

simultaneous 90 percent confidence intervals for the forecast
errors through the crop year.
The achievement of 90 percent accuracy by the fore-
5 F g - F < .10 F .
casts Fk means that[r‘l3 bk[ £ .1 13
equality (2.4.7) for all k= 1,2,3,...,12, we must have:

To satisfy the in-

10.95450 = °'1°F13 (2.4.8)

While the wvalue 0.9 percent of "true" production seems to very
small for o, it should be rerzmbered that this relates to the
difference between consecutive monthly forecasts in our model.
The actual forecast variances are Var(Sk) as shown in Table 2.12.
The model implies two percent accuracy for the December fore-
cast (estimaitre) of crop production, which ig already achieved
in the United States by the current USDA "information system”.

A further step is necessary to provide the forecast

variances in absoclute terms (metric tons) as required for input

| 2
lGIn (2.4.3), this assumption implies s = kg for

k =1,2, ... , n. k




O o .
:53 = Table 2.12 Model Forecast Variances as a Fraction of "True"
8%" Crop Production
& & e
o ; ‘ear rant fPar(s ) 3 Yvar (S )
EE, ® Year Honth VVar (Sk)/F13 kK Year Month Vartsk)/Fl3 _
&
? 1 v+l April 0.009132 7 Y October 0.0242
o
()
2 Y + 1 March 0.0129 8 Y September D.0258
3 ] v+l | February 0.0158 9 Y August 0.0274 -
4 ¥+ 1 Jenuary £.0183 10 Y July 0.0289
5 Y Decenber 0.0204 11 Y June 0.0303
6 ¥ Novermber 0.0224 12 Y Mav 0.0316
|
Source: ECOHN calculations and theory. .
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to the benefits model. These can be modeled in a number of
different ways. We chose to simulate the fifteen vears of
wheat production forecasting using the actual harvest figures
2

(Fl3) and the theoretical variances of forecast error, sk2=k0

= k{0.009F }2 for k=1,2, ..., 12. The major advantage of the

13
simulation is that it permits us to take into account the his-
torical forecasts and to incorporate them into the model when-
ever they are better than constructed forecasts, In so doing,
we are simulating the way in which the market will react to new
technological sources of crop information: accepting when it
is better than current information, rejecting it otherwise.
Simulating the 180 crop production forecasts (12
each in years 1960 to 1974) with no bias — zero expected value
of error — and known ¢ imposes on us the necessity of choos~
ing a parametric form of probability distribution. While the
Gaussian or Normal is a natural choice for error distributions,
it has the potentially undesirable feature of "allowing" neg-
ative forecast values. In actual practice this may never
occur since, with an expected value of the forecast = "true"
production = 40 MMT and s, = fk (.009) (40) < 1.247 MMT, tae
probability of a negative value occurring in 180 randomly
chosen numbers is extremely small. So, without fear of im-
plausible values being generated, we will use a Gaussian dis-
tribution for the simulated forecasts with mean = "true" pro-

2
ducticn in the crop years and variance, s = kx (0.009) x

2
k

. 2 .
("true" production)”. Each simulated forecast generated by the




Gaussian random numbers is compared with the historical fore-
cast; whenever the error is smaller in the historical forecast
it is substituted for the generated one. Table 2,13 shows the '

simulation results for United States and the Rest of the World.
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3. A MODEL OF THE WORLD MARKETS FOR WHEAT

"The specific method of economics is the
method of imaginary construction® 17

3.1 Introduction

The structures describing the world markets for wheat
first are presented in general terms. Here, our focus is on the
behavioral formulations and general characteristics of the model.
Particular structures for the equations and estimation results
then are presented.

Be loxre describing the model, an important convention
must be noted. The structures describing the behavior of the
various "plavers" are stated directly and are not derived from
presupposed utility and profit function. That is to say, rather
than postulate "utility” functions from which a utility maxgimizing
demand curve can be derived, the demand relationships are postu-~
lated directly. Similarly, the supply side consists of xelation-
ships that reflect profit maximizing behavior on the part of
suppliers.

The model is presented in four parts. The first part,
{Section 3.2) describes the demand block for the typical spot
market in a region. Inciuded here are the demand for human con-
sumption, animal feed, seed, exports and inventories. Section
3.3. summarizes the supply side of the typical spot market. The
relationships for production, harvested acres and vield are pre-

sented here. The demand for, and supply of, futures contr-cts

—

Von Mises [124], page 236.




is presented next. Unlike the spot markets, only one futures

market serves "the world." Finally, an overview of the complete
model is presented in Section 3.6.

3.2 The Demand Block for the Typical Spot Market

Following the tenets of economic theory, the current
(spot) demand for a good or service at any point in time (t) is
assumed to be a function, in part, of its own price, the prices

of substitutes and complements, and selected other influeneces

determined outside the model, "exogenous variables," such as in-
come and population. Denoting current prices Pt and the Yother”
variables by the vector, Xt, the demand relationship for wheat
in the spot market at time t,Dt can be written
= P + .
D, D( e xt) U, (3.1)

where Ut iz a random "residual" reflecting some combination of
the random element in humar behavior and the combined effect of
omitted variables.

For wheat, as with many other agricultural commodi-
ties, "the demand for wheat" is in fact made up of five differ-
ent demands for wheat: human cons.umption (food}, animal feed,

. seed, inventory and inet exports. BEach is described further
below.

3.2.1 Human, Animal Feed and Seed "Disappearance"

BExcluding invertory demand and exports (for now),
wheat demand has three parts: demand for human consumption,

C and demand for animal feed,

tf

£ {(food), demand for seed, F




Ft' Although each of these demands may be expressed in the
same general form, specified in (3.1) above, the arguments for
each type of demand contain many unique elements. For example,
animal population and cattle prices are not likely to enter the
demand structure for human wheat consumption, at least not di-
rectly. To be sure, these factors may enter indirectly through
various market channels and may be revealed explicitly in more
general and inclusive "reduced form"™ relationships. HEnwever,
we present here "structural" eguations and not "reduced form"
ones in order to be able to trace the impacts of information
improvement through the economy and identify the henefits to
specific market participants.

Moreover, the different demands may exhibit different
degrees of price responsiveness. Tnus, the total domestic de-
mand for whee {(excluding inventory demand), may be viewed as

three distinct but similar demands for wheat.

3.2.2 Inventory Demaund

The domestic stock of wheat, which gives rise to the
fourth demand for wheat, introduces stock adjustment dynamics
. 18 . ,
into the demand side of our model. The domestic private stock

of wheat It' is assumned to be a function of spot prices Pt’

discounted futures prices P atjusted for merginal storage

t'T

and decay costs P .nd last period's level in inventory.

t'T

Alternatively, inventory may be treated as a component
of supply.



This function is denoted

I, = P - + - + .
£ = Y lpt,T Pe, T (L - y) I, *+ U, (3.2)
> > 0.
It > I0 >0
where IO is the level of "buffer inventories," and §t - is the
T
discounted and adjusted futures price and U2t is a random

error.

The discounted and adjusted futures price is

(1-8) "
B 14yt

Pels Pqt" ct. (3.3)

where § is the decay rate, r is the discount rate, C is the

marginal cost of storage, and T is the lead time of the futures

Price.
Substituting (3.3) into {(3.2) we get
(1-8) | ° 4]
- A= - - + l- I +
Ty = Y4 [(1+r)] Pe,r 7 C T Pyt (W e 2t (3.4)

It must be noted that the buffer stock I when en-

O!

countered, will lead to asymmetric economic behavior that, in
turn, will lead to asymmetric welfare effects,.
Finally, it also should be noted that the total stock

of a commodity in a country, I consists of the sum of pri-

tl‘

vate stocks PIt plus government stocks GI That is,

t-




It = PIt + GIt. (3.5)

For our purposes, GIt i "exogenous" to the model.
3.2.3 Exports

There is, of course, one further demand for wheat and
that is the foreign demand for exporits. These exports consist
The latter,

of private exports Z, and government exports G

t t°
government exports, are taken as exogenous to the mainstream of
the model. The former, however, are endogenous and must be de-
termined. In this study a behavioral export demand eguation is
not postulated explicitly. Rather, the approach taken here is
to determine Zt from the accounting identity, Total Supply less
Total Domestic Demand and less Government Exports equals Private

Exports. That is

(3.6}

where AIt = It - It-l'

Summarizing, the demand side of the typical spot mar-

ket consists of five key relationships:

Export Identity z, G, - Cp - Fo = Bp = AIt
3 Demand for C. = C(Pt P R U ;
5 Human Consumption ?
| Demend ror PR L xg e,
% Demand for Seed Et = E(pt . Xt) + UEt

it
L
b1




‘harvested acreage of wheat at time t, A

: T
~Inventory I ='Yq [EEﬁQJ p -~ CT - D
. Demand S . t, T t

{1+r)

+ fl-Yr (PI _, + GI.) + U

1 It

>
PIt 2 IO -

As can be seen, the futures price is an important de-

“terminant of demand for wheat as specified in this model. The
_ determinants of the Futures price are deferred to Section 3.3

‘where the futures market is described. The supply side of the

spot market is presented next.

3.3 The Supply Block in the Typical Spot Market

In this section, we describe the production of agri-

cultural commodities in a country. Domestic production in

country, Qt' is decomposed into harvested acreage At times

‘In this stuay yield is determined outside the model.

Following Nerlove [89-81], at least in spirit, the

fiéld R

er is assumed to Ffoilow

a "stock adjustment" mechanism. Included here is the desired

‘acreage harvested which is assumed to be a function of the

price of wheat, the prices of substitutes and complements and

:-thé'prices of factors of production, such as Ffertilizer, etec.

' However, three sets of these prices may be considered: lagged,

anticipated and current actual prices. Lagged and anticipated

PF%C?S_mUSt_be_CQnéidered so as to capture the.influence of
:é%§£ ré£ﬁrn§-énd expectations oﬁ potential or desired harvested
.,?é:qg,,i.eﬁ, élanting_intentions._ curxent.prices, relative to
 pé§t futur§s p¥ices,,may capture the extent to which actual

-"harvestsﬂ;depart;frdm;tha.“potential“ harvest acreage owing to

e e manmam i . [PPSR S OTIE NS U
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uranticipated price developments that make it economically
undesirable to harvest all the acres planted. This latter phe-
nomenon is not modeled here and iz one of the least significant
problems of guantification.

The relationship for desired harvest acreage is de-
noted by

*® =
A A (Pt-

en P ) (3.7)

h’ “t-h.,h
where h denotes the time between planting and harvest.

The relationship between actual and desired harvest
acreage 1s of the form

A, = A% + (l-0) A

t t~h hd . ’ (3'8)

£-12
Combining the above expressions, the semi-reduced re-
lationship‘describiﬁg acres harvested will be of~fhe form

A, = uA(Pt_h, Pt-h,h) + (l-a)Ay 4o (3.9)

Summarizing'thé supply side of the spot mérkét; we

have
.Production Qt = at - Yt
Yield ¥, = exogenous
Acres :3 = o A (P : P ) + (1 - a)a
Harvested t t-h tfh,h t-12
3.4 The Futures Market

Unlike the spot market where’separate demand and sup-
ply relationships are specified for each country, only one world

futures market for wheat is postulated. & multi-market =

—



parallel of the spot market is not justified by the factsi?
The Chicago market is the dominant world futures market.and
our model reflects this institutional fact.

However, the futures market, ;1ké.the.spdt market,
is geverned by the forecast of supply and demand and both'are_

described in the fdliowing paragraphs.

3.4.1 The Demand For Futures Contracts

Ther“effective" demand f§£ fdrward sales éoﬁtracts

is assumed to come from speculators_who»hqu to gain_from_ﬂbackr_.
Vwardation"Huthe diffe:enée betweeﬁ disadunféd expected ééot,and
fgture prices. 1In addition, financial cqnsiderations strongly
suggeét that speculators also ﬁay be sengitive to the "yaria-
bility_risk" surrocunding their expected galin from backwardation.
énd the cost of money associéted With their pﬁrchases.

The "variability risk" sensitivity of the_demand re-
lationship follows directly from the general character of spec-
ulato;s. In esseance, they may be viewed as investors that seek
either to maximize the expected retuxrn from their investment in
commodities subject to a risk censtraint or, alternatively,
they seek to minimize their risk subject to some earnings re-
quirement. Both of these approaches~iEé&5ﬁd3operaﬁing-"rﬁléé"*-'

that equate the speculators demand fof futures contfaqts to

‘"hackwardation," the. variation in "backwardation™ éhd-the"édét'ﬁ*

Only econanic llratloqallty" would warrant any
dlfferent specmflcatlon. .
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- of money. This demand for forward sales contracts can be _ k
':w:itﬁen
Lk = L (sp - P 02' r{ + U
t,T t,T t,T" Bf Lt (3.10)
" where SP, .« is the anticipatef spot priece, P, = is the futures
: . r ) .- r

. . 2 . . .
price, ¥ is the cost of money. GB denotes the varlatlon in the

_backwardation compon&nt {sp ) and is a natural measure

£, T t—r

e_of the rlsk a55001ated with the expected galns from backwarda-v

thn, and U ﬁ leea ;endpm”elemegt,i:As-g?p,he:eeep,”th;s rela—

e;tionsh;p4;eqnireeue§e §ete;mipetieg£fiifetﬁgeeeéeiees4and'exez

. pegtedesget!priEes fdfee "eolﬁfien;ﬁ 1Thewme;haﬁisesvdeecfibiﬁgnA'f{~
~these variables e;e-preeentedebelpw.-:Beﬁore-turnigg_eo:them;i
hbweeer; weifirst COﬁsider_the.supplf of futuﬁee ceﬁt#acfs:'

3L.4.2 Whe Supply of Putures Contracts’

The il-e_u‘ffect:i.ve"'5'11'}91.121.53'0f forward sales contracts is

“assumed to come primarily from owners of:thSicelastockédemehd+ "
ihg hedges. As in the demand block, the attractiveﬁess of a

ehedge iS'assumed'fq be dependent upon backwardation and its-
variation.  Unlike the deﬁana block, however, tetai available

aied'efe.assumed to pl£yﬂah“e5w

-worlﬁ'stdCEs of the commodify;fi£,

lnfluentlal role.

Algebrnlcally, fhis'éupply functionﬁcan-bé”wriffen:
t,T _ t,T B' t H,t C(3.:1)

Where'UH £ iz a random residual. As ln the demand case for

e futures contracts, ant;c;pated spot prlces and futures prlces_ L

1are necessarj for solutlons. In the next two sub sectlons

o e —— . . ’ : ' wi
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these prices are described.

3.4.3 Price Adjustments

i ‘As Hicks points out [46], there are "sufficient tech-
nical rigidities® in the process of production to make it cer-
tain that a number of enterpreneurs will want to hedge their
Sales. Supplies in the near future are largely governed by the
faéﬁisions faken in the past; e;g., the amount onf acreage sown.

. The same thing sometimes happens with planned purchases as well,

but "it is almost inevitably rare" since technical conditions

-~

give the enterpreneur a "much freer hand" in the icquisition

h“6f i£PﬁtS (1aiéeiy-neéded to stérf.new production) thah in the
- completion of outputs (whose process of production has already
- Legun) For these r’é.a'ﬁso.nsr one can expect a "tendency for re-
_ i#éivg_vgakness on the.demandrside“ of the futures market.

[53, p. 1371

el e L P 2 i

As Labys and Granger point out [70], this reasoning
suggests that the short hedging and long speculation represent

. the "effective" supply of and demand for futures contracts,

.reépectively. In this study we define the difference between
. the effective supply and demand for futures contracts as effec~

'_tive open interest. Open interest "is the number of futures

e e A e £ £ A A ARy e e e g s A e . e e

:cqnt:acts_ccvered;by_offsetting contracts or fulfilled by deli-
very."
E' Lo ew - In our model, tHe "nmatural” imbalance between the.

forces of ‘demand and supply in the futures market is assumed

'-ffdfiﬁflﬁéﬁéé?fhéﬁr&téﬁof cﬁanqezin-prides. In particular, it

L R
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is assumed that the rate of change in the futures price in the

country that hosts the worid futures market,

A = - . - . .
Pt,T Pt,T Pt-l,T i1s a function of the difference between
~the "Hicksian" supply and &emand for futures contracts. That
is
APy + = PUL, ¢ = B o1+ 0 - (3.12)
where Uy . is a random variable.

At the heart of both the demand and supply side of
_ the futures market is the anticipations mechanism determining

SPt - This mechanism, its relationship to crop forecasts and
) r L A

expectatlons are dlscussad next.

3.4.4 ' Antlclpated Spot Prices, Crop Forecasts and
Expectations

Extending and'buildiﬁg”uédn the empirical insights of

ofhers, the market expéctations mechanism underlying the anti-

cipatea spot price is'assumed to be rational in the Box—denkins'

sense [10] and dependent on some comblnatlon of futures prlces
and crop productlon forecasts. Speclflcally, the ant101pated
"spot price of a commodity for time t,'aPt is assumed to be

'determlned in part by a dlstrlbuted lag on future prlces

E ; Sk Feex, T | (3.13)
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W
a.. . o AR “ S L
L 2 Pe-x o (3.14)
k=0 '
and a random element UAt; That is
n w N
N 2 N . Q. .+ U 3.15) .
T za Pt—k;r EZ Dok t=k At (_ )
k=0 k=0

where the d's are coefficients,; k denotes the 1agp_n;and W are -
the maximum lengths of the price and information "lags," fes~
péctiVély;faﬂd UArt-is a random element.

Now, several comments are in order. First, therxe are
a number of antlclpated spot prlces. Indeed,.és'ﬁanﬁ'és théré
are Ffutures prlces covering a perlod of up to eighteen montns.
For Quréufposes, we ‘will use the nearest futures ccntraét ﬁrfée.'
as the pébxy for all futures prices.
| Second, as notéa.earlier, ﬁhe:fofécast 6f fhe annual

s

crop haxvest made in month %, Qt ls the sum,of the annual craop

harvest forecasts for each country in month £, That is
= (3). _
Qr = E : 2 o (3.16)

j=t
Third, crop forzcasts are "constructed" for each month
of each crop year from the hlstorlcal forecasts. fIn the basn—ﬁ,

llne case,,the publlshed wheat productlon forecastszoare used

P SRR ST
_From: Commonwealth Secretariat’s Grain Bulletin.
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"wherever possible. Gaps are filled in by the methods described

in Chapter 2. In the improved case, the forecasts are simulated
using a constructed set GE "errors" and the published final

USDA or FAO estimates for the relevant vears. When Q is the

true harvest (we suppress the 1index of crop year fbr'simplicity)

~

Cin vear T let Qt be the constructed_fordcaét of Q for month t

of that year. The properties of these constructed forecasts
are'fﬁlly documented in Chapter 2 and appendix A.
Upon substitution of (3. 15) in (3 lD) and (3.11)

above, the demand and supply of futures contracts can’ be ex—w

;_prgssed‘as functions of the harvEst forecasts:

"~

N
It

Ieq L[P g rxl + ULt | (3.17)
- . o o , - o
He o = H[Pt (000 T+ UL (3.18)

féspectively, where §£ is a vector of current and lagged Ffuture

“prices:

Summarizing, the futures market consists of the fol-

: 1°éiﬁg'feiﬁtibnships5'-'

' Demand ':L = 2, o)
o Py BB Q0 Qe xl UL
_ _ R R _ B
o upp Y He o BIRy 0. Qe I1 + U,
"Ffﬁﬁﬁres'. Lo S T ety
t _ R = _ L
Price : "ATPt P_ 'Ltr'[' ,H‘f:r‘l_‘] +UPt
““'Adjustment ' ' - Ll
T T L E R o
‘Total Woxrld- IT;; (3)
Stocks SO
' j=1 '
e e

b
r
P
.
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Aggregate A A('i
Forecasts Q. = Z Q,tj

3.5 Linkages

In addition to the above, several other relationships
or constraints on the model's variables are necessary to‘tie" :’ '] N E
‘the various wheat markets into an ihteératéd er1d3market.
First, there are equations relating prices in one region to
pfices in.éndthér region...ﬁséﬁmiﬁg intégnational:ﬁfanspdrtz';1{ 

costs between region i and § are T

.. . these equations
LD _ o

‘a¥e of the Form:
Pl - P T =T =00 e (3419)

Second, there is the trade constraint that net

exports (imports) summed over all'doﬁntfiES.édd u? to

zero, i.e., . o _ o _ _ - ‘ i

N (3) _ - O (a.08 S A

Next, there is_thg.rg;ationship_between he@ging andV 
sfccks; Short ﬁedges covér their infentbry pﬁéificn.ﬁith.fu— o
;ﬁtnre-qpntr;ctsvand,-by_dgf;nition, tpevtqtal amougt of short
':;hedéing cannot exceg§ thesé stqg#sib Theselyglétidnships£imply

. that the amount of short hedging cannot exceed world stocks.. ... ... .

That is
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The relationships between the endogenous and edeéﬁé

ous variables are illustrated in Flgure 3, 1. where tne llnkages

between the various components of the model are presented. 'The"

arrows 1nd1cate both the llnkagea and the "dlrectlon or caus-

'allty- As can be seen, the model is 51multaneous, That‘is,

_one eannot solve Lor any one aependent varlable W1thout solv1ngl

:ﬁor, or f1x1ng, all other dependent'varlables.
'Wlth thls general structure as a, backdrop, the world

'*wheat market model w111 now be dlscussed ln greater detall.¢;

‘_faﬁs.__ The Full Market Model,,

In the remaindexr of this chapter, we first review the

-major issues which have concerned-us in the development of the
model. Secondly, we select semli-reduced form equations to be
v -used din' the "estimation procedures. Imn Chapter 4, we link the:

- model to the objective Ffunction to be used in the estimation of

.. benefits. ﬂHere;-thefwelfere valibes for consumers, producers -

iand_inventoty holders in each countxy are showrn . along with'ieé

,gard to the” model speCLfled wmth thelr aggregatlon across coun—”5'

“tries and over time.

“3.6.1 7 ‘Model Overview.

‘A brief recapitulation of the model is in ordefft s’

.ﬁeahfbe'expeeted}tthe oﬁtimai.ﬁrice‘en&tfloﬁ”deﬁendzen the:de;5luz”

‘mand and supply situations of various countries. Prior

It
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infofmation regarding the various supply situations enters the
system as “"crop forecasts." These forecasts,; in general, have
error terms whose distributions depend on the state of the
world's forecasting capabilities. fhus, the optimal price and
%} flow, as well as the corresponding welfare pertaining to import-
.ing_and_exportihg countries, are functiomally related to the
respective crop forecast capabilities of the various countries
involved in world trade.
Since the price and flow of wheat, or any other com-
:moaity, are conditioned by the availability of cther substitutes
(e.g., corn, rye, oats, etec.), it is necessary to take into ac-
COﬁht the nonzero cross-elasticities of wheat with respect to : ??H

the prices of its substitutes and complements. These Ffactors

‘dare treated in the model as exogenous and appear in the various
Q demand and supply equations.

The éﬁatial eguilibrium in the model arises from our

aggregate treatment of the world as being divided into two re-

-gions: the United States and the Rest of World. This neces-

:i sary simplification reduces "trade" to United States exports

g and R.0.W. imports.

Owing to the nature of this study, "time"” also is an

‘important dimension in the model. This is essential for a num- -

‘ber of reasons. . First, wheat can be carried from one period to

the next--depending on the inventory holder's reaction to mar-
,_ 3ketsanticipatipns, ‘These anticipations ean change from month . .

to month and so can the inventory holders' positions. . These

5
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changes, of course, influénce welfare through price and
consumption. Second, the:behéfiﬁs'ﬁéaéuréd7in'this-mddel, as
in reality, depend heavily cn the accuracy of market antiecipa-
tions which, inAturn; is a function of cfdp’fofécast accuracy-
The forecasts play a cenﬁrél role in the meodel. Theyrreprew
sent the best inétfuﬁenf #é have fof:meésuriﬁﬁ the state of
infqrmation on the future supply of wheat tb the markets. By
éstiﬁating the model with hiétorigal f§rec;s£s.and.theﬁ raplac—.
ing these by simulated forecasts which rgﬁléct thé imprbvement
in crop inférmatiOn.resulting frﬁm the.ERé %fsﬁém,.wé.héve at
hgnd a tool forrgvaluating thé ecénqmic effeqts_qf crop infor-

mation in the world wheat markets.

vt or e

3.6.2 Summary of the Model's Egquations

In contrast to the general structures described so

L s B o e, 2

- far in this chaptex, the s?ecific equations used in the model
" are all lineax. This choice was made to improve the estimates

of coefficients and to allow more of the modeling effort to be

- éondéntrated on the dynamic aspects of the market process. The
“]Wélfare»functiqnsfto be described_in“chapterfé are;quad;atic
'Tinsthe partial equilibrium prices and quantities. Thus the mo- R I

‘del could be characterized mathematically.as. (i) a set of lin-

T

3 ear time~dependent equations with linear constraints represent-
i ing the dynamics of the market process for. each state of infor-

i ' mdtion; aﬁd Tii) a quadratic welfare'aﬁalysiS'bf the equili-

: brium outputs of (i).’

'In Table 3.1 we summarize the variables and their-

Y I




B L e D i L SO L T L

- 3-19

Table 3.1 Definitions of Variables

‘n: “Number of countries
§: Superscript denoting country; j:l, 2, «--,3J
EI'orﬁt:; Subscript . foxr time in months,:quaxﬁa;s.oxzzga:s
Qs Productién in.ﬁeriod t
A_: Harvested acres in period.t
Y: Yield per acres |
A" i  Desired acres haﬁvestedIfoi'ﬁimE't¥Tlas of*tiﬁé;tﬂ
P,: Spot price at time t
.”rf"'é'.Wbrld:ériée'étztiﬁe t+T'és"aﬁticipateﬁ iﬁ time
PI_: Desiﬁéd stock of private iomeétic—inveﬁtory at time t
 §1'; Acﬂﬁal éfoék of privéﬁé:aoméstié.iﬁveﬁfdfy éf tiﬁe:£" Q;”f
GI:;” Govérnment stock of doméstic ihvéhforflat ﬁimé't'i_7
T : Total stock of inventory - SRl
" 5_5; _Deﬁaf rate | o
. r€ -Ihﬁé#ést rate
oz  CQst_§f_holding:a.unit“qf invento#y p?ei 2 unit df ﬁiﬁe ."_ I i
_A:ilﬁifferénce dbératbr,”i;é;, Axgl;'x - x . Wﬂéﬁéig?;&#:;é 7m

any variable ‘ # . l e RO . ?

L ”Cfi_:beménd for human consumption at fime £ .-

:F£; ”Dehand for feed at time t
;Etft Demand £b£ seé&”é£ Eiﬁé t'“'
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Table 3.1 {(cont.)

'D,: Total demand at time t
Z.,: Wheat exports from United States to rest of world at time t

.: Transportation cost of unit commodity f£rom coﬁntry i to

13 country j
EEé: Price Index for other human consumptions
E§£: Price Index for other feed
v'?ﬁé;' Price Index for animals {cattle, hog, sheep)

P . : Price Index for crops other than wheat

Human population at time t

; P3¢
! Pyt Population of animals demanding feed at time t
?ﬁ,T: Futures World Price for time t+T as of time £
r
Ht . Short hedging futures contracts for time t+T as of
oo time t
Lt Tt Long speculation of demand £for futures contracts for time
r

t+T as of time € -

s Unite& States annual wheat crop‘forécast in period €
QZt% Res# of‘ﬁofld annual wheat crop‘féyécééﬁ %p:péiidﬁbt
‘_S ; ‘Total supply at time t“ | - |

Consumer Price Index at time t
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the relationships among the model's variables as used in the

“bit oscillatory "seasonal patterns" that aré insensitive to

these seasonal patterns is important, espéCiallyﬁin the context -

of a monthly model where adjustments to past decisions are of .

‘major-concexn.  Finally, meta-market aberrations, such as

definitions. WNote that the Superscript j was only used in
aggregating the world stocks, imports and crop forecasts. To
simplify the notation we omit this index of countries from the
table, although it could be applied to any of the wvariables
for which data can be obtained by individual country.

Table 3.2 presents the linear eqguations which express

estimation of the value of information to the market. This _ G
summary is still preliminary in the sense that the estimation
of coefficients by least squares regression techniques can lead
us to make reduced selections of.variables for inclusion in tﬁe
final wversion of the model's driving equations. After describ-
ing the estimation strategy in Section 3.6, the defails of the

estimated forms of these equations. follow in Section 3.7.

3.7 ~ Estimation Strategy G
Economic phenomena rarely are instantaneous in their
impulse--response characteristies, but rather build up over

time.  Because these~lag structures-take on a.widewrange of

‘"shapes," their estimation requires a flexible method. Owing

- ~to institutional and "techniecal" rigidities, e.g., Christmas

and weather patterns, some market behavioxr is likely to exhi-

economic factors under normal economic conditions. Capturing : i

T R R [ DL PR R = . - e e e e e . 1 -~ .




Table 3.2 Relationships Among Variablés

”QEZ' L= : AEY : . I ._-:-1   1“-. "_:;"”'r(¢)f

5; - .Aﬁ L = @ At h:h f (1 D")23‘1: 1z

where o is exogenous'”

12?.‘_

Benon T FpBran o o s e “riéﬁll:

' where = is exogenous

: Ay I < [ (l+r) Pe,t 7 Fe” GT] S ﬂuﬁ4) oL
coe o .where g and T are exogenoug - T o T s

e B 20 LR T G

< T

T Y T o SR S i (AR

7y o

e o= p.. - g P o+ - B

W 'Ct . - plt( qcr i) qc rr. B 'qcr 25 ct)
o F. = p - q. B+ q, -PF, + q, -PA,| (8)
e T P .(qF'ﬂ. e,y Fe T T, PR T %, 0F t)..(...).

Be o oo 50 g, T 9g 1'Pt T g, ,% S R -0

:_Where the q s are all exogenous to the moﬂel
- L e L ' _ o L '.f‘.f(id)‘
Dt . "ct'+'Et Ft B : 7 R
P = B + b s 1H o= L : SR I A
Ptl'r ) bgA t-']_'_'['r Z 12: [ 't"'gorT . t—gr"[] e S (ll) i
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eﬁenées in tfade 1aﬁs,'or'dfficia1 proeédﬁres, caﬁ'distort‘-
teﬁporarily oxr shift for all time the behavior of market parti- o : g
.ciéahté; .?eiiere'£e aeeoﬁn£.for.these aberraﬁions also can |
cleud the estiﬁation resulte.. Accordlngly every effort had to
.se maae to 1dent1fy those occurrences-and remove.or adapt to

their Q1sto;t1ng_lnfluenqe,

W - Distributed Lag ﬁstiiﬁ'%iti'c,ﬁ.-'<'~ *

Because the lmpulse response proflleq bf economicv
:e phenomena rarely are 1nstantaneous but instead teﬁd te 5ulld
-;HP~°V§?-tlmé{ 1e§dtl%9;re¥%t¥°n5hlé5.ar8r50mm°n-l#.9°9n9mi¢~me"fej

Q¥3dels;f This is'especiellyut;ge~in-models whefeﬂththime units

e'ebﬁ;measureeare.quarterly-orushorter,A in thié7etudY}fseveral

monthly equations with léead—-lag relationships wexe postulated

-L[apﬁ-hedftq-hexestimate&s-:The”method.used;tqfestimete theudis%i.

“tributed lag.rélationshipe was the Almon technique [2]. ‘This : ':j;:-'

”jmethdﬁ“hes”ﬁregtical appeel Qwing-tqlthé"greetffleXibiliﬁy‘wifh

~which it can estimate various lag structures.

. Some impulse-response profiles can' follow a decreas-

"ihg geometfic’pafh after some initiel:impulse; while other lag

 feﬁEuc£ures-ma§3fdllewaa-gfa&ﬁeiﬁbﬁt7ﬁe6feeeiﬁg7Build?ﬁp-follbwedj"

by an aCcelereting decey-' The Almon approach can estlmate

Lﬁéitﬁer?df £H ,V lag proflles and,many more. elaborate ones’ ac

For example, 1et Y Z% Xy {.et, where w; is

m, where the .
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éxplanatory variable in time t-i, and e is a random error

t

term. The Almon approach assumes that wi can be approximated

by a polynominal in i . Assuming w, can be approximated

. . . . 2
by a second degree polynomial, i.e., W; = Y, + Y i F Y1,

i=1l, ..., m, the above relationship ¢©an be written

_ - M M M0 -
- F = oy . ) . ? . 3 3 > . +
'Yt Yo .Z: xt:--i * Y1 .E: lxt--i Yz _E: * xt~1 e
1=0 1=0 i=0

.or .
r " .
= + i+ i + .
Te ;Z% (Yo * Y2 + Yol )X, 5 * ey

In the summary of the empirical results to follow we present
both the estimated Almon ceoefficients Yo o Y

with the lag weights w = YW = ¥, +

D l \]:'1 7 w -2 = Y
2
oy 2 4 Y 1, w_o= Y o+ y.m + 2 i
1 . 3 ces o W o 1 Yzm-, where appropriate.
3.7.2 Seasonal Oscillations

Loosely defined, a seasonal pattern in an econom-

ic time series is any oscillation that repeats itself an integral

number of times in a period of one year. These movements are en-

countered in almost every economic time series where the time
uiits of movement are short enough to reveal them. For the most

part seasonal patterns owe their presence to forces that are in-

sensitive to economic behavior. Under normal economic conditions,
the timing of annual crop plantings and harvests, for example,

:afe'&ibtafea largély by weathér patterns. Holidays ahd insti-~

tutional factors such as tax paymgﬁt_datesmalso influence the

17 and Yz, ilong

e bt

LA, e e e
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intra-annual timing of economic activity. Because of forces
such as these, seasonal patterns are present in many of our
guarterly and monthly time series and their influence on our
estimated structures had to be accounted Ffor.

Estimating seasonal movements in economic time series
is a field in itself with almost as many technical schemes as
there are time series with seasonal patterns, One method that
has enjoyed wide and persistent application in behavioral esti-
mating equations (as opposed to purely naive time series esti-
mating equations), and the one employed by this study, is the
zero-one dummy variable approach [8]. This metitod includes
variables that take on a value of one for a specifiec period
(e.g. month) of the year for each vear in the sample and take
on & wvalue of zero otherwise. The number of seasonal dummy
variables is one less than the number of time periocds a year
1s divided into. For example, a guarterly eguation would use
three (3) dummies,. The "wmissiug" or 4th seasonal dummy is
buried in the regression, intercept term and the estimated sea-
sonal dummies are in fact additions to or subtractions from
the intercept term at the appropriate time of the year.

To illustrate the appxoaéh, consider the qﬁarterly
.regression equation
v, = a+ bxt + 8, % 52 + Sy + ey
where Y. igs the dependendent viriablg, A is the intercept, b is
the response coefficient on the behéviorél explanaﬁory variable

Xt' Sy is the coefficient on the ith_IQanter's seasonal dummy




i
i

and e, is a random element. The explanation of ¥, then would

t
be
Yt = a + Sl + bxt for the lst guarter,
Yt = a + 52 + bxt for the 2nd quarter,
Yt = a 4 bxt For the 3rd gquarter, and
~
Yt = a + S4 + bxt for the 4th quarter.

an analogous scheme is used for monthly egquations where 11

dummies would be used.

3.7.3 Aberrations and Structural Shifts

Changes in institutional factors and natural
calamities can lead to éherrations and/ox structural shifts in
economic behavior. Unusually poor harvests owing to bad weathef
conditions in 1963-1964 and changes in the operating rules of
ﬁhé market place in 1972 are two such examples that were en-
countered in this study. Because these factors can distort
economic behavior but cannot be modelled in a behavioral sense,
econometric models are built around, and adapted to them.
Typically, and as was done here, these influences were accom-
odated by the use of dummy variables.

For aberrations that have a temporary effect on the
market, zero-one dummy variables are used to "explain” the
market during those points in time. Here, the dummy variables
take on a value of one during the period of the aberxration and

take on a value of zero otherwise. The estimated coefficient

oh these dummy variables is interpreted as a measure of the -




aberration and "filters out" its influence on the estimating
equation.

Structural shifts or changes in the normal behavior
of the market also can be handled with dummy wvariables. Here,
for example, multiplicative and additive dummy variables can
be_used to capute shifts in the slope and intercept of a re-
gressin equation, respectively, after some institutional change

- has taken place. Such an estimating relationship would be of the

form

where a. and b1 are coefficients on dummy variables that only

1
appear on and after some point in time. Prior te that point

in time the estimate of ¥, would be ) ;

t

A: 4+ b X
Y 30 0

+ t

¢

On and after that point in time the estimate of Yt would be

Yt = (ao + al) + (bo + bl)xt
The U.S. eqguations are presented first. These in-
clude, Human Demand, Feed Démand, Seed Demand, Commercial
Stocks, and Acres Harvested. The Rest of World eguations are
presented last. This block of equations containsg the estimated
equations for Shqxt_ﬁedging, Long_Sgeculation and Future; Price

Adjustments.
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Fstimation Results: The 1.S5. Block

The eguations estimated for the U.S. were Wheat
Demand for Human Consumption, Wheat Demand for Animal Feed,
Wheat Demand for Seed, Commercial Stocks and Wheat Area Hérvesﬁ
ted. Each is summarized below.

3.8.1 Wheat Demand for Human Consumption

The equation estimated for human wheat consump-
tionh is presented in Table 3_.3. The egquation was estimated uéing
guarterly data from the first quarter of 1961 to the fourth
gquarter of 1872, Because thé dependent variable did not exhibit
a trend over the estimation period, the xelaticonship was not
estimated in first difference forﬁ.

For the most part, wheat demand for human con-
sumption is an intermediate one, e.g., demand by bakers to pro-
duce bread. It is reasonable, therefore, to expect this demand
to adopt to market stimuli somewhat more slowly than final de-
mands for immediate consumption. The lagged dependent variableé
reflects this characteristic and has a "stable" response co
gfficieut of .2417, implying a finite adjustment to some past
market impulse. Because the demand for wheat for human con-
sumption is an intermediate demand, it also is reasonable to
expect delays between the purchase of wheat, say by a baker,
and_the physical processing of the commodity. A two quafter

lag on price. i.e., a midpoint lag of five months, is not

-. outside the range of reason for a'delay between spot pukchases,

delivery and utilization by processors and wheat product pro-

ducers. . The coefficient of -.2498 on the price of wheat has
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| Table 3.3 Human Demand for Wheat in the U.S.

(£ in guarters : 48 values used for estimation)

Dependent Variable A = C_/p " U.5. Per Capita Human
! Deriand for Wheat

Indépendént Variableas - ‘ v V, Lagged One Period

t—-1 t
P v | 8pot Price Lagged Two
t-2 : . o o :
Periads v
Wt Constant.Dollar Per

Capita Income in the U.S.

D644 th

Dummy Variables fox 4
: _ _ D651 Quarter '64 & 1° Quarter
é ' Dl,DZ,DéV Seasonal Dummies
} Estimated
i Equation: vV, = 713.8 + 0.2417V - 0.2498P ~ 6B674W
i - L 3 - . .
| (6.6 (2.1) =Y (-1l 2 (calef
i
| +96D644 —~ 110D651 + 23DL + 17D2 - 39D4
! jr . ‘ (6.4 C{~5.8)." (2.6) (2.8) .. (-6.2)
| . S . s VTR
i R® = 0.83
A D~W = 1.56
.
S
I
i o y
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' tﬁe "right" éign and corresponds to n thly price elasticities

of demand of approximately -.2181 in the short-run-.288 and
after all anto-regrescive féedbacké have been accounted for,

respectively. These results lie with the range of elasticities

‘“found by others. ' -

The dummy variables capture seasonal movements and filter

‘out the effects of pronounced U.S5. Government wheat sales in

~the last guarter of 1964 and first guarter of 1965.

All variables are statistically significént at the 90 per-

cent confidence level or better and the entire equation provides

. ) - . . " : 2 ) .. .
a good f£fit as evidenced by the high R” and strong F statistic.

The Durbin-Watson statistic is low, suggesting possible .auto-

correlation.

3.8.2 Feed Demand foxr Wheat Per Animal in the U.S.

The U.S. feed demand for wheat equation is pre-

. .sented in Table 3.4. This ecuation was estimatec using guar-

terly of 18972. Because the number of animal feed ovex this

. period, feeﬂ'demand_hadga,nqticeahle upward t#end and there+

fore the behavioral variables were used i first~diFference
form. .

Feed demand is an intermediate demand and there-

- fore likely to. exhibit lagged adjustménts to market influences

and de1ays between purechase and usage. Here, the lagged
:Converting'briCes and guantities back to monthly

levels and using 1972 data, the coefficient of -.,00000433 on

|- lagged wheat price corresponds to short and long=-run price elas-
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Table 3.4 Demand for Wheat and Annual Feed in the U.S.

(t = quartérs ; 34'quartérs from 64/3 to 72/4 used)

Dependent Variable Vt=AFt/92t First Difference of Feed
Demand per Animal

Independent Variables vt-l vt Lagged One Period

i I w = AP First Differnce of Wheat y
i Price Lagged Two Periods

é Dl, D2,...D7|Seasonal Dummies and

S L "Special” Time-dependent
Dummies

Estimated Equation

Vv, = 0.00 - 0.50V
t

-~ 0.0000043%W
t -1 t

(3.02) (-2.93) (-1.96)

5 -0.0002D1 + 0.0015D2 - 0.0002D3 + 0.0001D4 :
! (~1.87) (6.84) (-1.63) (0.38) ‘
-0.0005D5 + 0.0007D6 - 0.0006D7 ;

(-4.66) (3.68) (-3.05) :

R = 0.96 i
D-W = 1.95 :
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ticities of demand of -3.048 and —4.579, respéctively.' These
elasticities are well within reasen, as there.are plentifulISub—
stitutes for animal feed.

The dummy variables.capture a seasonal pattern that
appears to have éhifted.in 1968. The dummy variables Dl' D3;
D5 and the constant C capture the seasonal pattexn from April
1964 through April 1867. The dummy wvariables Dz, D4, D6 and D7”
capture the seasonal pattern_from Janpary L968 through April
1972. |

The "t" statistics on the estimated coefficients,
with the exception of one seasonal dummy variable, imply stable
and significant estimates at the 90% confidence level or better.
The overall eguation fits the data well: the R2 is very high as
is the F statistic, and the Durbin-Watson statistic is almost

perfect.

3.8.3 seed Demand for Wheat in the United States

The Seed Demand for Wheat equation is presented in
Table 3.5. This equation was estimated using ahnUal data frﬁm'
1962 to 1971. Because of trends in some of the variables, this
equétion also was estimated in first differencés!

Seed demand is a derived demand and ag such is like-
iy to include an adaptive portion as well as direct of delayed”
. responses to prices. The goefficient on laggea seed demand iﬁ—
‘plies stable adjustments to past phencména.infiuen&ing the de-
‘mapd‘for‘ggad, and thé_qng year 1engph of tpe ;gg cgn?é;ms Wiﬁh

physical crop harvest patterns.
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Table 3.5

Seed Demand for Wheat in the U.S.

{t = Yeéfs“;'t¥1962fto 1971{used_fb;.eséimatiéﬁ) h

Dependent Variable AR fEifSt

Difference of Seed Demand

in U.S.

L TR S

Independént‘Vériaﬁiés:fAPt' | Farst

AE  First

i Ap } Pirst

APC :'?irst'

leference of Snot Wheat

Prlces

DiffefénCe'df Futures
Wheat Pxices

Difference of Average
Price of Substitutes

Difference Seed Demand

Lagged One Period

Estimated Equation

AEt = 204.8AP £ l

(2.24) (1 29)

b
]
Mo
*
o]
|

+ 117. 4AP ~ 149.9APC,

iy

+ 0. 296AE

£ -1
(l 06)

F
;
i
[
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3
&

4
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The positive coefficient on wheat futures prices is

what one would expect: farmers will plant in anticipation of

- rewards and wheat futures prices are an indicator of these re-

wards. Obversely, the negative coefficient on the futures

- prices of alternative crops reinforces the evidence that far-

mers will shift away from wheat production and therefore from
seed demand as say future soybean prices become more attractive.
The positive relationship between seed demand and current wheat
price is difficult to pin down. It may be a reflection of the
market's reaction to anticipated future rewards.

The spot price elasticity of demand in this egquation,
using 1972 data, is +.1065 in the short-run and +.1512 when
all auwto-regressive feedback is accounted for. The futures

price elasticities of seed demand also are positive and about

"half the size of the spot price elasticities. Together they

suggest seed demands that are moderately responsive to prices.

Although some of the "t" statistics are strong, mul-
ticollinearity is present between the price variables even in
fheir first-difference form, Nevertheless, the aggregate egqua-
tion is a close fit with an F statistic significant at the 10%
1efél and an acceptable Durbin-Watson statistic indicating lit-
tle residual first order serial correlation.

3.8.4 Demand for Commercial Stocks in the United States

The Commercial Stock equation, presented in Table

3.6, was estimated using guarterly data from the last quarter

of 1961 to the last quarter of 1972. Because the dependent

Tl

e A et b

A et 1 0t
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Table 3.6 Demand for Commercial Stocks in the U.S.

{(t = gquarters; 61/4 to 72/4 used in estimation)

Dependent Variable PIt U.S. Commercial Stocks i

Independent Variables u,=P,_-P Spread Between Futures and _ E
| spot Prices for Wheat B

PIt—l PIt Lagged One Period

Dl,D2,D4 Seasonal Dummies

Estimated Eguation

PIt = 0.898Ut + 0.898PIt - 44,001 - 57.7D2 - 25.2D4 + 6l1l.4
—1
{(0.58) {(13.7) (~2.4) (-3.2) (-1.4) ;

W)
i
=
|
36]
[
3V

o '
H

i

£

- H

]

i

i !
N i
H it
i ik
H I
i H




[

e

g i

et v

CE RO T

3-36

variable has a downward trend in the first half of the period

and an upward trend in the second half of the period, and be-

cause the explanatory variables do not exhibit smooth and pro- - . =

nounced trends over the sample period, the equation was not

estimated in first difference form.

The significance of the lagged dependent variables
attests to the strength of the stock adjustment hypotheéis.
The coefficient on the lagged dependent vqriablercofrespoﬁds_td

stock adjustment coefficient of about -.102 whibh,implies a

~stable stock adjustment (leading to a finite limit) tb_past:

market stimuli.

The difference between the futqres and spot price
of wheat enters the eguation with the right sign but with a
very low "t" statistic. Howevex, the introduction_of the var-
iable did raise the R2 and lowered somewhat the "t" statistics
on the other egplanatory variables in the equation, These.
results appear to reflect the cumulative effects of modast coi—
linearity between the price spread variable and the othexr expla-
natory variables. The seasonal dummies capture a stable sea-
sonal pattern and the Rz, F statistic and Durbin-Watson statis-
tic together portray a strong overall eguation.

The elasticity of demand for éommercial stocks, with |

respect to the difference between the Ffutures price and the spot

price, is .0597 in the short~run and .5697 wheh all'aﬁtd—regréé&'

sive effects work themselves out., These results suggest Ehat

inventory holders are relatively insensitive to chan§és'in7thé
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‘wf-epread'between futures-pricesiandfspet‘priees, in the short-run

Eﬁt relativel?'sensitive to changes in this price spread in the

e'long run. These results seem'quite-reasdnable when one recalls

'that many 1nventory holders also Bre hedgers and llkely to be

':5"r;sk averse. Plnally, zero marglnal carrylng costs were esti-
"fmated in earlier ECON'studLes and these results are-assumed ‘to

-eeapply here.,;

'3;8,5' o Area Harvested ln the Unlted States

The equation descrlblng'Unlted StateS'Area Harvestedj”

'for wheat iw presented 1n Table 3. 7." This equation was esti-

mated us;ng annual data. The equatlon was estlmated in StOck
adjustment fcrm from 1963 to 1974

The results lndlcate that the area: harvested for

wheat is not highly responsive to futures prices.  First,

United States Government farm programs are designed, in part;

to safeguard the finaneial integrity of the farm sectptf_ In
~part, this is effected through a sogil bank.prograﬁ and our

regression estimates no doubt reflect«these-"constraints.V

Second, in all but one or two years in the sample,”fetures

'prices.were gquite stable and the regressions cannot help = -

" but bé hent toward this history.

The”coefficient-oh-lagQEdtﬁfééLherﬁested7bf f;465l

implies 4 stable and fairly rapid "Stoékfedjustmeqtﬁ”asahistor-
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Table 3.7 Area Harvested for Wheat in the U.S.

(t = vears ; d&ta from 1963 to 1974 used in estimation)

et N ot PR &1 S 8 A T

Dependent Variable AR

Independent Variables P

First Difference of Area Harvested

Futures Price of Wheat

Area Harvested La:jgged One Period

bDummy Variable

Estimated

Egquation

AA_ = 5p15 + 25.55P - 0.465A

t t,T

c.y *+ 3640D67

(1.2) {(4.86) (~2.4} (2.9)
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ically has been the case. The dummy variable for 1947 was -in-
cluded to filter the effects of market aberrations for that
year.

Although the Durbin-Watson statistic suggests some
possible negative serial correlation, the estimated equation is P

. strong with an R2 of 0.74, ¥ statistic of 11.18 and strong "t"

statistics on the behavioral explanatory variables.

PR S SO

3.8.6 The Rest of World

3.8.6.1 Rest of World Demand

The per capita demand for wheat by the rest of the

H world was estimated from 1961 to 1970, using annual data. In
b Table 3.8, at first glance these results may seem high. How-
: ever, the aggregate rest of the world regards soybeans and rice

as stronger substitutes for wheat than the United States and

T i gt e e

! these differences in tastes, no doubt, are reflected in these
results. The findings are further supported by the cross-

elasticities of demand with respect to the price of substitutes.

Here, the coefficient of +1043 and the price of substitutes im-
plies short and long-term cross—elasticities of wheat demand ﬁ
; with respect to the price of substitutes of +7;62 and +5.41,
| respectively. . o ' '5? 

3.8.7 Rest of World Area Harvested

t .

{ § . . . . I

! The Rest of World Area Harvested eguation is given

i

! in Table 3.,9. The eguation was estimated in "stock adjustment"
H _ . . _ S

! form from 19261 to 1970, using annual data. The overall egua-

. . . -2 L
tion fits the data reasonably well with an R® of .34 an, F sta-




Table 3.8

(£ in vears; 1961 to 1970 used in’

Rest of Woxrld Demand for Wheat

estimation)

{Row)
Dependent Variable Ve = Dt/plt

Per Capita Rest of World
Demand £f£or Wheat

Independent Variables Y

Vt Lagged One Period

Deflated Price of Wheat

Lagged One Period

Deflated Average Price of

Soybeans and Corn .Lagged. .
One Pericd - S

¥Estimated Equations

A t-1

(~1.9) (-3.7) (3.0)

S * — '
= o= A — " ) :
v -0. -th“_l 683.4Pt_l+ l043PC + 3510

(4.86)
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Table 3.9

Rest of World Area Harvested

(£t in vears: 1961 to 1970 used in estimation)

Dependent Variable

First Difference of Rest of

£ World Area Harvested
Independent Variables At~1 At L.agged One Period
Pt-l Futures Price of Wheat Lagged
e One Period

Estimated Egquation

A = -0.341a +

A, i 3838Pt—l;c + 60935
(-1.8) {L.7) {(L.7)
RZ = 0.34
D~W = 1.99

R T R

s e :
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tistic significant at the 10% level and an excellent Durbin-
Watson statistic. " In addition, thHe arguments in the equatibn
have coefficients of reasonable size and signs one would expect
a ériori.

The lagged futures prices last year lead to more
acres harvested this year. In terms of elasticities, ﬁhé shofﬁ'
and long-run futures price elasticities of wheat demand are
.03179 and .088, reséectively. These eiastiéities are hiéher
than in the United States as one would expect. Much United
States production response to prices; no doubt takes the.fo¥m
of improved seed and fertilizer--alternatives that are ﬁot_with—

in reach of the less affluent rest of the world.

3.8.8 The World PFutures Market

The worid futures market was analyzed in three egua-
tions: a price adjustment equation, a short-hedging equation
and a long speculation equation. The results of the price
adjustment equation were selected for use in the model-sinqe

they gave a meaningful relationship between the futures price

" movements and crop forecasts. The wheat futures price used

here is the price on the nearest maturing wheat Futures con-
tract. = The. short-hedging and long speculation variables are.
for all-wheat Ffutures contracts.

3,859 - Price Adjustments. for Futiures Contracts

The price adjustment eqguation for futures contracts, .
_presented in Table 3.10;was estimated in first differences us-

‘ing a honthly data:  from Fébruary 1962 to June 1971. Apaft from
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Table 3.10 Wheat Futures Price adjustment

{t= months; Feb. 62 to June 71 used in estimation)

Dependént Variable 1 AP @Flrst leference of Futures Prlce
of Whpat

g nd 2T e * . -
Independgnt Variables* | Et—lrc APt'cLaggedVO@e Period

First Difference of US Crop
Forxecasts '

First Difference df-ROW Cr6P F”
Forecasts

"Estimated Equations ; K S L Lo

| U L H}_ (us) AmOW) ;
‘14¢‘1‘Agtf¢:1‘1 43 + 0. 20A9t a1 0 33&9 - | B R

(o 79) (z 32);'y' , ( 1 3?) |  ‘( 1 30)

o. 089Ag

e
n

£ ~*Omitting the eleven monthly dummies and four "special"
i dummies. . Bee Appendix B foxr complete regression results. . .

*hmhlmv‘-: R
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the special events and seasonal cyclés iefleeted in thé'dummy

varlables (not shown in Table 3. 10) the maln effect explalnlng

the futures price first dlfferences are:

:(gls,a_positivg partial correlation (0.20) with
. : :the futures price first difference lagged
one month (t- statistic= 2.32)
{b): ﬁ negative partiai cdrrelation (-0.33).with
 £hé-ﬁirst differences of U.8. crop fofecasts
(£ - statistic = ~1.37)
":Qd)ﬁ é"hegativefpart£al correlation (—WOSQ) with
. ﬁhe”firsﬁ difféfenﬁe of RQO‘ﬁ; cfop_foﬁecaéts,

(t=statistic=-1.30)

. These partial ¢0rre1ations are in the right direction and

“éfeuﬁédéréteif-SEgﬁifiéaﬂf.mehevUVefali'“fit"'exﬁresséd'by E

R = 0.38 is nOt too'bad>for'a'firSt%differenCE equation.

. | R I R o ) S .
The same equation'when not estimated in A's qave an R = 0.96,

 but the lagged futures prlce Was'so domlnant (t-»statlstlc ‘20)
:Hfthat the dlfference form Was held preferrable. I# is interestlng
,that the price adjustﬁént responds moré vigorously fé_U.S. crop
:fcxecast_than to R.b.W. forecasts. This cbuld be a result qf
: the agéregatlén of many-couﬁtflés in the R Q. W. or it cbuld

__reflect the greater degree of confldence the market shows_3

toward U;S;Zﬁorecasts,.-

- by riaank. Wake e cam s e




3.8.10 Long Speculation and Short Hedging

The supply and demand for futures contracts were
analyzed in relation to the guality of crop forecast informa-
tion as discussed in Section 3.4.4., The estimation results

are shown in Tables B.9 and B.1l0 of Appendix B. While the

statistical fit was quite satisfactory, these eqguations were
not used in the model since they did not add substance to the
theory already developed in the price adjustments equation

(Fable 3.10).
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4. THE BENEFITS FROM IMPROVED WORLDWIDE
WHEAT PRODUCTION FORECASTS

4.1 Introduction

*

The value of informatieon can be measured using the
economic theories of consumer and supplier surpluses.ZL Let us
assume Figure 4.1 illustrates a typical demand curve for a com-
modity. At any point in time, a consumer is faced with a budg-
et constraint that places a limit upon the amount of goods and
services he can command (in the market). The consumer, thexre-
fore, views his consumption of any one item as a decision to
forego other alternatives or opportunities that are available
to him. Hence, the consumer's "problem® may be viewed as one
of minimizing his "opportunity costs." Anything that can re-
duce the opportunity costs of actions (decisions) provides eco-
nomic benefits. As shall be shown, this is precisely the role
that information plays and is the ﬁeans by which it ultimately
obtains its economic value.

Returning to Figure 4.1, the demand curvsz illustrates
the amount of an item a consumer will buy at a given price or,
obversely, the price a.consumer will pay for a given guantity.
Owing to diminishing marginal utility, the consumer may be will-~

ing to pay price Pl for the first unit consumed, but pay only

2l po minimize semantic issues we adhere to the most com-
monly used terminology, although we may have serious
reservations about the implied meaning of the terms
consumer and supplier "surplus." The substance -- by
whatever name -~- when correctly dealt with over time,
is gquite real in whatever econcomic system.
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.th . . . .
price Pi for the lt unit consumed. Assuming money is a firm

measuring rod of utility, the existing market price is Pe and

consumption is Qe’ then the shaded area below the demand curve

continuum and above the market price depicts the coansumer sur-

pius {or negative opportunity costs) received by the consumer %

ﬁby paying price Pe on all Qe units. The full money value to i
the consumer is the entire area under the demand curve up to %

? the gquantity bﬁrchasesj The cost to the consumer, hoﬁever, is é
; :qnly PeQe' The difference between the full money value and the i
%; amount paid is the surplus. ;
;g If the market equilibrium price and quantity were Py ?
é;  Jand Ql respectively and shifted to P2 and Q2 as shown in é
%? - Pigure 4.2, consumers would reap the "benefit" or incremental é
éi _-gonsumer surplus indicated'by the shaded area. The area de- i
i fined by'(Pl—Pz)Ql are benufits to the consumer simply from the E
drop in price on his already existing level ﬁf consumption (Ql)’ é

é; ‘if no additional units were purchased in spite of lowered price. i
‘The shaded area corresponding roughly to 1/2 {PluPz) (Qz—Ql) re- E
‘presents the incremental surplus. to consumers from additiqnal g
.;pﬁféhasésﬂ(ﬂq) owing'té the more attraétive Priée. ﬁ
The above discussion applies only to consumers' bene- é

fits. .Suﬁpiiers‘ and society's benefits, however, need addition- £

- : i it

if ' §1 édqéide;ation but may be viewed in a similar fashion. . é
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Figure 4.2 Incremental Consumer Benefits
From & Downward Shift in Prices
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In the earlier example* of the wheat farmer, the op-'
portunity cost of plowing under his field was the net revenues
foregone by the action.. If, as the example contended, the mar-
ket prices were relatively low (owing to a forecast of large
crop), then, the opportunity costs of the plowing-under decision
would be zero or even negative (i.e., the farmer would not make
as much profit if he decided to fully harvest). But, as the
example would go on to show, the actual state of the world was
not a bountiful harvest and the market price was higher than
expected when the farmer would have sold his crop. Thus, the
realized or ex-post opportunity cost of plowing-under was posi-
tive and the farmexr should have harvested and brought the wheat
to market. The value to the farmer of the "better" or morxe
accurate information is his net revenue obtained from the change
in decision due to the information.

In Figure 4.3, DD is the aggregate demand funrction
for a commodity and the initial market supply/demand equilibrium
is such that Ql is demanded at price Pl.

the following conditions prevail: consumers are enjoying a net

At the point (P_l,b ,0_1}) '

benefit (or consumer surplus) of 2, and suppliers are enjoying
a net bhenefit of B + E, the sco-called producer or supplier sur-

plus [40, 45]. This latter "surplus" is the difference he-

tween total revenues obtainad from selling Ql at price Pl and

the cost of supplying those items represented by the area below - -

*See Overview volume of this report.
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‘the supply curve and above the horizontal axis between O and 0, -

Now, suppose the supply function shifts from Sq to Syr

-indicating that {(in generél) each unit of output can be grovidéd

at less cost than before. The market will move to a new egqui-

iibrium situation and the following conditions will prevail.

Réferring to Figure 4.3, consumer surplus increases from A %o

A+ B + C + D and producer surplus changes from B + E + E + F.

| Ce?tainly, the consumer reaps benefits from the low-
ered prices, since the sum of A, B, C, and D is greater than A
by itself, i.e., A + B + C + D > A. The change in producer's
benefits, however, is not necessarily positive since B + B z
E + F. The result depends upon the elasticities of the sup-
ply and demand curves. The net benefit to society would be B
+ C+ D+ F =8B or_C‘+ D + F and also depends on the elastici-
ties 0of supply and demand.

For any given set of supply and demand relationships,

we can measure the surpluées accruing to consumers, suppliers
and society assuming, of course, that money is an adequate yard-
stick to measufe satisfaction. Assuming further tﬁat this “"yard-
stick" is equally valid for all countries, benefits to other so-

cieties can be measured by adding up the benefits to the indi-

. ¥idual menbers of the group.

By the same token, consumer and supplier surpluses

~e¢an be used to measure the ‘benefits or losses to consumers,

suppliers, societiés and groups of societies from changes in
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"and/or demand relationships. There remains an important topic

for discussion: at which level shall consumer and producer
surplus be measured? Directly where the distortion {(a form of
tax) occurs, {in this case misinformation on wheat crops) or
indirectly through the distortions this misinformation (tax)
causes in the cost and level of consumption of final goods.
The first appreoach is best exhibited by Albert Rees
and Arnold C¢. Harberger [37, 38 and 97] in their work on the
effect of unions on labor costs (Rees) and the measurement of
waste and tax effects (Harberger). Herein the authors proceed
to measure the economic loss (costs) of distortions, waste and

taxes directly at the level of the distorted input markets

themselves. Basic to the work of both authors is a treatment

of economic costs of waste and taxes (or misinformation in our

case) as a simple money measure of the "deadweight™ loss that
the distortion imposes on the sum of the areas analogous to
consumers' and producers' surplus, i.e., the demand and supply
functions (schedules, correspondences) of the intermediate good
are used directly for measuring economic loss. In our study we
follow this approach: we estimate demand and supply functions
for wheat (food, feed and seed) and the distortion misinforma-
tion causes to the system. We do not estimate the demands for
bread, noodies, whiskey, etc. and then aggregate sconomic

losses {costs).
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The second approach uses the more abstract concept
of a social welfare function to measure the aggregate loss of
welfare by inpqt ma;ketAdistortions. This second approach»has
been used in work by Harxry Johnson [63]., Albert Fishlow and
Paul David [28]), Jagdish Bhagwati and V.K. Ramaswami [9].

In his work on the economic costs of input market
‘distortions, Daniel Wisecarvexr [127] shows that the first ap-
proach yields equivalent results to the second approach in
most cases. In the cases where the two approaches yield aif-
ferant results, the first approach is more conservative, i.e.,
understates the cost of distortions (misinformation) when com—
pared to the second method. PFor this reasén -~ as well as oﬁr
agreement in principle -~ we tse the first method in'thié stuéy:
giveq the derived demand curve for an agricultural crop (whgat),
the economic loss {cost} of inaccurate infdrmation is correctly.
completely and most readiiy measured ﬁy the relevant area be-
tween the demand and supply functions for agriculturai cro?é
{(wheat). This propositiomn is founded on the most :ecent_g;p-_
nomic literature.

4.2 Benefits as Negative Losses

In the previous section, consumer and producer sur-—
pluses were shown to be a guadratic function of cxrop forecast
errors. We will adopt the rule of referring to the error com-
peonents in the welfare measures as the "welfare 1055,“_assumﬁ

ing of course that their net welfare effect is negative. A re-—
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duction in this "loss" is a natural measure of "gains" or "ben-
efits" to the various market participants. It is this notion
of ‘benefits that we will use in this study.

The measurement of benefits, as defined in this study,
can ‘be described in terms of the incremental changes in consum-
er surplus {(CS) and producer surplus (P5). We define first the

'appropriatE'infegrals of demand and supply Ffunctions:

Xy
Cs, = (P.(g)-P \ dg&,
t
o .

e

psf-.—- (P ,-Mc(‘i’)) ay,
"¢

o

and

respectively, where P (X) is the demand curve, MC (X) is the

- marginal cost (supply} curve and Pt is the equilibrium price at

which supply eduals demand at time t.

-

In the partial equiiibrium analysis of this study, Xt
will be the same in both calculations and represent the gunantity
'Supplied to the world wheat markets in one period (a month} at
tiﬁé t.

The wheat-market-model'describéd in Chapter 3 gener-

ates the egquilibrium prices P_ and guantities X, for the histor-

t t

ical crop forecasting capability (B=Baseline) and the improved
érop forecasting capability -- using remote sensing from space
ti=Improved). The annual benefits to the consumers and pro-

ducers may be calculated over twenty~four monthly periods as:

= b b - e r R 8 £
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Acs = AVG (cstI - cs: y*12
£=1,2,...,24 .
APS = AVG (PStI - J;-sé3 )*12

t=%1,2,...,24

The precise methdd for averaging will be detailed in the next
section. Combining the consumer and producer benefits givés
the annual national benefits: NB = Acs + APS.

The above benefits calculation can be performed from
the point of view of the United States or from the point of
view of the wheat-importing countries (rest of world) using
the appropriate demand functions and marginal cost-of-supply
functions. Before considering the differing national viewpoints
regarding the economic effects of improved crop forecasts, we
need to consider in greater detail the mechanism by means of
which improvements in information can be translated into na-
tional benefits.

There are several types of benefits that can be iden-

" tified in an economic context. In general, these benefits fall

into two broéd categories: “distribution benefits" and "produc-
tioﬁ benefits." These "rewards" are distributed between coun-
tries and the various economic players within a country in dif-
ferent proportions. In the foliowing paragraphs we present
distribution and production benefits to consumers and supplie;s _

within a country and to exporting and impottiﬁg countries.
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4.3 Typés of Benefits

In the following paragraphs we present several types
of domestic and trade benefits that may arise from imgrdﬁed
crop forecast information. Each of these is described and il-

lustratéd below.

4.3.1 Domestic Distribution Benefits: The Linear
' Demand Symmetric Behavior Case

"Distribution benefits" arise when a given (perfectly
‘inelastic) supply of some commodity is consumeéd fully in a pexr-
iod world that responds to imperfect forecasts as if they were
true. To develop the theory without unnecessary complexity, we
will use only two periods. The losses on which these benefits
are derived are illustrated in Figures 4.4(a), (b)), {e) and (&}-v
In the upper left-hand chart, (a), the true supply and demand
schedules for a commodity are presented. Here the equlllbrlum

prlce and guantity are P_ and Q respectively. Noﬁy suppose

0]
that in period 1, supp1y is helleved to by Q ana thejmarket

equilabrates at price P This is shown in the upper right-

1
h&nd chart of Figure 4.4. Hére tﬁé shaded area'indidates ﬁhé
period 1l welfare loss_r (the sum of.the_consuméf and supplier
lbssés)-owingrto the undeiésfimate of sﬁpply._ By éhe next.per;
_1od the underestlmate o; supply has been datected and the sup-

ply of the commodlty surges to an "effectlve two- perlod level®

_of 9, with a new lower price of P

5 This reaction is shown in

~chart (e) in the lower left-hand corner of Figqure 4.4. Here

the shaded area indicates the welfare gain.in.the second period. . -

L“'Emu. Mt B e 1k i
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Without regard to discounts, etec. the net welfare loss to

society owing to misinformation is the shaded area in Chart (d)

in the lower right-hand corner of Figure 4.4.22

In this admittedly simple world, the net welfare loss
indicated the potential welfare gain to society from perfect

information at the outset. A partial improvement in informa-

tion, of course, will capture only a portion of the original

welfare loss or potential welfare gain. This partial improve-

ment is illustrated in Figure 4.5. In this figure the original

welfare loss or potential welfare gain is the shaded area bounded 3
by PO' Pz, Ql and QO' This loss, of course, corresponds to
some original forecast error probability density function of
the crop. Improved information is refliected in a narrower
or tighter forecast error distribution. The reduction in E
forecast errox variation implies a new and smaller welfare loss E
{the Residual Welfare Loss) bounded by PO' P*z, Q*l and QO.
The difference between the original welfarxe loss and the resid- i
ual welfare loss is the welfare gain or "henefit" owing to

improved information and is illustrated in the lower right

? of Figure 4.5. %
The above relationships have several implications that ﬁ

deserve special mention. First, the results are the same re-

22 . . . ..
This is similar to the Hayami-Peterson [43] treatment

-0f the subject.
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gardless of the sign of the ozriginal forecast error. Second,
consuners lose from reduced supply variation, whiiebsuppliers
gain twice the consumer loss. Thié follows direé£i§_frdﬁfthe
linear downward sloping demand function and the assumed sym- .
metric reaction of consumers to over ana'underégfiﬁﬁéé.erféi;ﬁ
with regard to their consumption over time.. Thisilbss wés
noted some time ago by Waugh [125] and cén‘bé §ﬁ§§ﬁ ?aSiIY;
With regard to Figure 4.6, cqnsumér sﬁxpluﬁvove; tﬁo
periods with perfect information would bé 2(A+E%E);" Witﬁ'im#.

perfect information, resulting in quantity fluctuations between

Ql and Qz, consumer surplus over two period would be A + B _&'
(A+B+C+E+F+H). Since B = C and E = H the net benefit to can-
é, sumers f£from perfect information would be -F. That is, con-

sumers would lose F in "surplus" from perfect information. Ob-

T b AT

versely, consumers benefit by amount F from imperfect informa-
tion.

With regard to Figure 4.6 once again, supplier

D e R o BN A T

surplus with perfect information over two periods would be 2
(C¥D+F+G). With imperfect information, suppliers surplus for :
two periods would be (B+C+D) + (D+G+I). Since B + C and G = I,

the net benefit to suppliers from perfect information would be

2¥. That is, suppliers would benefit by twice the consumer

loss from perfect information. Obversely, suppliers lose

Itwice'fhe consumer gain from perfect information. The net

i benefit to society fror perfect information, i.e., the benefit
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Figure 4.6 Consumer and Supplier Benefits

% to consumers and producers taken togetlier, would be 2F-F =F. %
% Now it must be noted that the effect on consumers and suppliers ‘
. may be guite different if either the demand linearity or

symmetry assumptions are relaxed sufficiently. The case of

symmetry is discussed below.

i 4.3.2 International Distribution Benefits:

: The Asymmetric Demand Case
: among the most serious shortcomings of the "lineax

symmetric" model is its behavioral symmetry with regard to over

and underestimation errors. The conclusion that an exporting



country like the United States will lose from improved world
crop forecasts rests on the assumption that sﬁcieties offset
first period abstinence or starvation by indulgence and gluttoay
in some future period. There are strong biological reasons
supported by recorded actions that deny the wvalidity of this
assumption. Starvation in Biafra and Bangladesh was not "offset”
. by overconsumption in the period after their starvation. The
obverse, of course, does not hold. That is, too high levels of
imports in one period can be carrxied over, in part, to some
future period. Under these conditions the benefits to an ex-
porter such as the United States from improved world crop infor-
mation take on a completely different character than suggested
by the linear symmetric model. For an exporter, the trade and
"surplus" effects would lead to net benefits from a reduction
in crop forecast errors. This is shown in Figures 4.7 and
4.8. The first diagram, Figure 4.7,.shows the two period
effects of an underestimation error. As can be seen, the net
impact of perfect information would be a loss of ApP-AX = GAXZ
to ‘the exporter, where ¢ = AP/AX. In the second diagram, Figure
4.8, the effect of an overestimation error ig shown. Here,
perfect information would lead to net exporter benefits of
Ap [xl + Ax/2].

Assuming that over and underestimation erreors are
symmetrically distributed, the net effect to the exporter (the

expected value} is that they stand to lose from misinformation
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as long as the minimum level of exports Xl exceeds the absolute
value of the incremental change in exports owing to misinforma-
tion. 1In fact, the minimum level of exports need only 1/2 the
size of thelincreméntal change in exports.' The net gain from.
misinformation in the underestimation case is equal to Ap+AX
and the net loss from misinformation in the overestiﬁation case

is equal to APX. + APAQ/2. The expected net loss or potential

1

benefit from perfect information is Ae [Xl + AxX/2]1 - AR

2 - 2
AP . - o s
5 [xl - Ax/2]. TFor this to be rositive, it is necessary that

or

the minimum level of exports, ps

¢ Pe greater than half the es?

timation error, Ax/2.

4.3.3 International Producticn Benefits

A second major shortcoming of the linear symmetric
world trade model is it does not allow for “ﬁroducgr“ pr_“buffer
stock" benefits. Here, improved crop forecasts for the exporting
and importing country can lead to net benefits from both importers
and exzporters. These benefits and their impact on consumers and
suppliers within each country (exporter and importer) are shown
in‘Figure 4.9. In Figure 4.9 the benefits to importers and
exporters are shown with regard to a supply efficiency in the

exporting country owing to improved information. &As can be

" seen, importers clearly benefit and exporters may also benefit-

depending on the exporters' elasticities of supply and demand

and the relation to total supply to exports.
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The detailed calculation of the supply impact bene-
fits to the exporter will reveal that, over time, there is in
fact a net benefit to the United States from improved crop
information through the supply effects postulated in this ﬁ
study.

4.4 The Benefits to the United States as Exporter ' ﬁ

The analysis of the benefits to the United States
falls into three distinct parts: (i) consumer benefits,
(ii) producer benefits and (iii) net U.S. benefits.

4.4.]1 PFor Consumers

In case the average period price is lower for the

* *
improved (P_ ) then for the baseline (PB )} case, there is a

I
gain represented in Figure 4.10 by area <abecd>. The calcula-
tion of this gain - or the corresponding loss if the price re-

lationship is inverted - can be done for each of the 24 months

over which the model has been implemented. The average annual

benefit for consumers is then:

A 24 ; 1
Cs = Z (cs cs B
— S M

t=1 t £ 1/2 :

24 .

I (» -p ¥ .

t=1 B,t I,t) (CB,t CI,t)/4 }

T



Importer Exporter
Gain to Consumers Gain to Consumer and
and¢ Loss to Loss to Producer
Price  producers
S Price
I Loss to Producer

Net Gain

to SE
Importer
PU - b__' ¢ .c—._.---n--———-—-m'-—- SE!
I a’ €

A

B
§.8 D D gQuantity oD 4D s S  Quantity
T T B
e st e -
1! fol
Net Gain to Importer Net Gain to Exporter
a'b'c'd’ dfce - abc
Figure 4.9 ‘The Export Supply Impact of Improved Crop Information

to Importers and Exporters
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- where

'PB £ = Baseline Case equilibrium price in month +

I

*
PI,t = Improved Case equilibrium price in month &
c = Baseline Case U.S. 4 i i i
B.t -S. domestic consumption

' month t : : PE o
cI,t = Improved Case U.S. domestic consumption in

month t

For a price change of opposite sign, the algebravis the same,
reflecting a consumer loss. This method of averaging reflects
the way in which price changes impact the consumers: there

is a direct gain or loss in terms of the welfare measure em-
ployed here, i.e., consumer surplus. The alternative method,
described beiow is preferrable if the results of the above
calculation are not sufficiently stable over the time period of
the modeled effects.

4.4.2 For Producers

There are two components of the static eqguilibrium
analysis. Assuming a lower eguilibrium averagé price as a
result of the improved information, there are:
(i} "net efficiency gains® corresponding to thé
increased trade at the lower price, represented
by (+) area <ifj> in Figure 4.10
r(ii) "offset trade losses" due to the export price
being lower over the.béséliﬁe range of expﬁrt
_quantities,.:epxesented by (-) area <abje> in

Figure 4.10. This component, howéver, is ndtﬂ
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fhé entire internati&nal trade effect wﬁichi
will be treated separately below.
It is not meaningful to.average these benefitsAin
__ﬁhg same way as for the consumers bggause of the equilibrium
.analysis of the producer suxrplus can only be derxived from a
. long-run downward_shift in,the.marginal_cost-pjesupply ﬁunction-
We do not want to assume that the latter £luctuates fiom
~fmonth to month to produce the observed or modeled prices and
quantities. Accoﬁdingly, the average price in the improved
 case‘is compared with the average price-in the baseline tase -"nx”jf-éw
: fo obtain a valid measure of the downward shift in supply costs.
The calculations, expressed in the same terms as were used in
4.4.1, are as follows. Average equilibrium pfidés:fbrjbaééline.

and improved cases are:

p_ " ;4 p ¥ /24
B g=1 Bt
24 -
* X P_ /24
1 T e=1 _ tet

The average annual producer gains or losses are the algebraic:

sum of NEG and TOL given below: APS = NEG + TOL;

NEG = net eff1c1enc¥ gglns _-(PI' PO) (zI Qo) /2
® * — —_ —
TOL = trade offset ;stgs»=__rtp - P .)__(Qo.+_QB.-_C

B

‘where Poris the marginal cost of supplying‘thé First ton of

Cwheat® ol

e

E‘,@i—khmma:v!—,‘em-mh‘hk,



P

L _
9, = (B =B /(27 - B)) g

0
"

e baseline world supply. CB = baseline-U.S.'coﬁsumpticn
QI = improved world supply, C_ = 7

improved U.S. consumption

: an&'the bar (as'in'§+)'dénotés'ahnﬁal éﬁeragéQ

4.4.3 ' Net Gains.drfLosses to the United States

With reference to Figure 4.10, it is clear that the

... mere algebraic combining of static consumer and prodﬁcer'gainS"i'“f"f_-"j,f
“and losses ag described in 4.4.1 and 4.4.2 would result in a ' -;5Wn
- net-value represented by drea <ijf>. -~ area <cdje>, since area =

- <abed> is included in consumer and producer benefits with

’oﬁbbsite sign.. For the dfnamic case, however, there is a
g T?éiight différeﬁbé if we.cai¢u1a£é geﬁefiﬁs'ﬁsinéIthe'differéht'
'typés of averaging described for the cdnguﬁér and‘produger
%5ehefit.analy355; NéﬁérﬁhéléQS} thé-cbmbinéd.effecf ié.similér
% “to the one represented.iﬁ_figure 4.;0_by.<ijf> ; <cdje> as Qill
' ﬂéaéily be séeﬁ hy:cﬁﬁsiderétidn.of”the.huméri&éi fésults obtained
,»Hwith the compuﬁer queii__ThEgngt_U.S._bgnefits are calq#lated
§ ﬁ%s the.éum'of.édé aha:APS gi#en iﬁﬁéééfionié.é.i aﬁd'4}4.é |
' abovet The_algebraig_additiqn_oﬁltﬁe;consgﬁéx.aﬁd-p#oduqer
: %aﬁe£its.leéa$'t6 thé nét U.S. benéfits. ,Qf_cdurserif,thére are

- producer loszes they are numerically subtracted from the con- .

"fSumer gains. Other benefits, such as the trade effects dis—~

- .cussed .in-the next section,.may not bejaddgq,'si@qggthey;;gpggp:j};ﬁi}@"

' sent different methods of subdividing the same total guantity. = .
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4.4.4 Trade Benefits to the United States

:
i
§
ki

Adopting a different point of wview, there are poten-

tial gains for the U.S5. from increased international trade
which cannot be accounted for within the framework of Sections

4.4.1 - 4.4.3. The avetrage price of exported U.S. wheat being

lower in the improved case than the baseline case, these are

conditional benefits, dependent on the strength of the world

: demand for U.S. wheat. We present the calculations for these

k: potential benefits here as a matter of special interest, although

they cannot be added to the consumer and precducer benefits since
that would amount to double counting. Defining

T = U.S. average annual exports of wheat in baseline i

T = U.S5. average annual exports of wheat in improved

case

The net U.S. trade benefits are:

(et - e zo0re ? - e - ey 00T %/ *
¢ I ol /91T B o' /%' Ty ‘

correspeonding to area <dnf> - area “come> inp Figure 4.10. !
These may be guite substantial, particularly if the average
price drop is small but the volume of U.S. exports significantly
‘ expanded. They represent increased trade revenues to the U.S.
even at the lower world price, as a result of improved wheat
crop information on a worldwide basis. Of course, these bane- ;

fits, uvunlike the consumer benefits, are conditional upon the U.S.

remaining a major net exporter of wheat.

i
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4.5 Estimated Long-term Benefits

Long~term net benefits to the U.S. and to the consumeré

and producers of the U.S. are presented in Tabhle 4.1. As can

be seen, long-term U.S. consumer benefits are about $287

million a year, assuming stabie population and constant tastes.
Under similar assumptions, long-term annual rest of world con-
sumer benefits are likely to achieve a level of over 54.3
billion a year*. The U.S5. producers show long-term supply side
net efficiencies owing to improved crop information (reductions
in risk). These gains amount to $280 million a year. At the.

same time, wheat prices are lower by about 10 cents per bushel

on the average. When United States total production is considered,

this Price drop leads to producer “offset” losses of $394 million
a year on the average. The combined effect is a net producers
loss of about $113 million a year. Both the United States and
the rest of world also reap net trade benefits. For the United
States these are about $334 million a yeaxr. The net ¥.S5. long-
term annual benefits to the nation from a LANDSAT system with

worldwide crop coverage are alsc listed in Table 4.1. They

~are a simple arithmetic sum of the benefits to consumers and pro-

ducers, provided the trade benefits are not included separately

(they have already been accounted for). For the United States,

*Based on the ratio of rest of world consumption demand for

wheat to U.S5. demand.
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3 Table 4.1 Average Annual Benéfits to the United States
P _ From Improved Wheat Information
v (in millions of 1975 dollars)
Types of Benefit DR _Béneﬁitv;
U.S. Consumers' Gains : 287.69
"U,S. Producers' Net EfficieﬁGY'
lGains N 280.12
JU.8. Producers! Ofifset Bossesl' : -393.78
et Gains to U.S. Economy | . 174.03
: {Trade Gains for U,S. as _
@ Exporter Revenues?2 333.81
5 Due to the lower average prices, which apply to all produc-
o ~tion,. :
f 1°Won-additive with the other benefits. Due to 26% increase
: in trade. '
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the total net benefits from these information improvements
are about $174 million.

The benefits to consumers, increased production
efficiencies, foreign trade and total benefits to the United
States and the rest of world are calculated according to the
methodology expressed in earlier sectioms of this chapter and
using the results of the world wheat market model as described
in Chapter 3.

It is important to note that the information improve-

ments cccuxr mostly in the rest of world: all economic

effects in the United States and elsewhere reflect LANDSAT in-
formation improvements as reported in Chapter 2. Again, the
information derived from LANDSAT data is assumed to be made
available to all countries at this time, i.e., on a nondiscrim-
inatory basis, similar to present practices of the Statistical
Reporting Service of the USDA.

The results bear ocut some of our hypotheses and
expectations expresed in Chapter 1. United States consumers
benefit from public information improvements in the rest of
world, wheat export trade benefits to the U.S. economy are
positive and so are the net efficiency gaing in the United
States. These benefits all measure benefits to particular
user groups. and are not fully additive. In total, the United
States gains from improved public information in free world

trade. The rest of world might also gain from improved infor-
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mation, although these effects cannot be guantified with the
same precision as for United States at present. Of particular

interest is that the trade gains of the United States economy

are pogitive and so are the trade gains of the rest of world,

confirming a rather old notion that both parties gain from
trade, where here the gain to both parties is due to improved
public information on worldwide crops.

The guoted annual benefits are the expected wvalues
from public information improvements of a LANDSAT type system.
These have to be compared to the expected "annualized" cost
of a three~satellite LANDSAT system of about $60 million. The
benefit numbers are subject to further verification and are
more sensitive to changes in economic and technical parameters
than are the relatively certain costs. The long-term benefits

listed herein may be realized by 1985 or 1990.
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Table A5 Historical Forecasts for France
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Table A6 Historical Forecasts for India
{in millions of metric tons annually)
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Table A9 Historical Porecasts for Spain

{in millions of metric tons annually)
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{in millions of metric tons annually)
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Table Al2 Simulated Forecasts for the United States
{in millions of metric tons annuaally)
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Table Al3 Simulated Forecasts for Argentina
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Table Al4 Simulated Forecasts for Australia
(in millions of metric tons annually)
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Table AlS6 Simulated Forecasts for France
{in uillions.of metric tons annually)
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Table Al8 Simulated Porecastrs for Italy
{in millions of metric tons annually)
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Table Al? Simulated Forecasts for India
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£ Table A22 Simulated FPorscasts for the U.S.S.R. Q
3 {(in millions of metric tons annually) |
H I
{ YER FiFY JURE ALy FlidG SERPT goT :
[ 19ed 32,7 T S w27 HELT 2.7
b 1ag1 7.7 955 B4, F %4, 1 AT 92,8
] 1962 148, 4 18l.xn 164, 3 169, 3 tae, & 188, &

: 1363 e F 65, 5 R ©3.9 BB T3.0
E 1964 185, 2 184, 4 18v.6 i11.3 1987 187.7
; 12aS 25, g4, 25,4 B3 D B4.5 3.7
: 130E 1510 144. 6 1di.¢ 151.3 143, 2 145.7
1 197 17 . A tae, 11401 11,7 134.4 iz, 2
; 19a3 HEL 131.5 133.7 121.8 137.9 134, 1
! 1989 1ig.d tiv7.2 118.¢ 118.9 1iz.8 113.68
: pavn 143.9 5.8 147.83 130,.9 159.5 14z2.%

: 1371 G LI 127.3 146, & i48.7 1d46.6 145, 7
' 1592 121.7 127.7 121.1 22.8 127.48 119.8 :

! 1972 1ei.4 154.5 15209 194, 2 154.9 155.9 !

' 137+ o8, 2 t3u.g 138,80 124, 4 136.3 135.9 :

* MO UEEC e FEE HAE APR F EHAL i

1958 FELT 2.7 G207 1.3 92,7 92,6 2.9 '
1961 G4, 1 ar.3 M7V 48, 7 6,3 5.9 15,1 :
1362 10E, 4 166,53 184, 5 100, 8 a0, 5 16a.8 100,32
1903 FhL Y 2.8 PGP Ti.B 7.6 7i.3 1.1
: P95 45 L i@Bg, 7 1H5. 8 187.8 187,7 195,32 196, 4
: 1955 27,5 4.7 ag, @ 85,9 84,5 B5.7 85, 4 i
; 1966 147.4 Pt 144,53 144.1 145, 1 143.1 145, 7
. 1987 1127 fo-. 3 iii.% 111.5 6o, S i1i.4 11,7
1RER 135.5 i3z.4 izd. 4 13%.4 1336 133.5 133.6
1489 il 112.1 18i.7 i12.1 113.7 i15.5 114.1
1974 147.5 138, 3 145, 1 142. 6 141.1 144.2 t42. 6
1971 130.9 14,4 143.3 139.8 137.5 i41.7 141.3 ‘
1972 L1289 iRl 122,58 121.9 i2z.: 227 1EE.E
§973 152,53 157.5 155.7 157.7 1563 156, 2 1559
1374 134.7 133.7 134.9 134.8 136.3 1534.7 125,93 )

Source: ECON calculations based on UK Grain Bulletin and !

PAO Production ¥Yearbook data.
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= Table AZ3 Summary of Statistical Analysis of Historical Forecast ;
for the United States -

AR : ‘MS
‘Forecast et : Residual
R “Bias - ‘ ~Rssiuz RSS, -Slope of Variance RMS EMS
“Month -1MMT)'Q (MMT)Y (MMT) Regression (MMT)? (MMT} (% of Actnal) 1

May: f=U.Eul4'_ R S = e B.elEG [ 1At 2. BHAT B THEG ;
. June i L C : Cdaa, aee g.eige T, PR 31295 d.l132 %
fJuly CBEE. 1681 14,6196 . yods 1.7824 1.2847 T dEEE |
- August S15, VYSR . 4ae, 8l 8. S B, 5869 B, FE 1, G082 :

September ¢ dle, BANL 0 418,844 1L BEEE L5348 8,73 1.695% :
October B oS 1ERY o 437 Bl S PRI 3 .27 4E B, 5 1.287e

Novembher = B T P BC A $37. B2 B, 5642 BL2rda H. b.o387a :

‘December . BLE LT DY e el o S B, 93ay {5 T Bl B.EEET :
. “January CELELEL 434 AR3E 4ED.E91D B, 28e7 B, dnda B2 B, eIy ;
- February o, ELAL 4;¢k£ﬂ'2_. 429, 65810 B, iV SIS f, 258 f.8& ‘
Mareh .o BUEL4D qBd,E827 0 423 End @ REAET W, e B33 B, 6

o ' cEL 2T Aa%.&&ﬂ“ LR, R B, 9387 g, 209 B, 2635 5 ;

' source: ECON
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- Table A25 Summary of Statistical Analysis of Historical Porecast

Forecast
Bias
‘Month (MMT)
May ~@, B389
June ~1, BZ96
July .- -f. FEas
August. - =1.8296
“September -8, 8675
‘October ~-B.ERUZ.
Rovember =~ ~i.d481
‘December - —B, 3712 .
January =8, 208z,
" February =E E24TE
March -3, 2887
:.Bpril_ "a 5191 '.:
Bource:i .

BCQKf

for Australia

RSS;
(MMT}

,-.4141
171, 1254
1qu -.-"44
188,3747

a9, 8413

122, OReR
S 148, 23
147, 6589

158, 867H
129, 1814

137, 5406
s, BESA

LR=f i
Lx 3

RS S5
(MMT)

FRORS LI
- - L] =
O et = Tol

¥
i

3l P i fe
RPN LA

Py TN R A o A
L
ﬁ

4
t Ty

349, 5@ed
8] [ - ...l":"...'

1E1: L_'E.:s‘..
: 1-:‘1 'E'lql";

126, 4975
131. 6302

155- 55«:\?

Ms

: Residual -
Slope of Variance RMS RMS
Regression (MMT)? (MMT) (% of Actual)
B. 23578 11,2485 3. 3536 25, 1623
8. 4827 18, 5866 3.2873 2d.uizd
B, 4322 18,5858 3.25838 24, 3681
. 4E27 11,1913 3.8453 2F. 8471
A, 47328 11,2943 Z.oedy  25.1621
B, 4342 18, 7386 2.0846 24,5923
B, 6183 2,8215 2. 8781 22,0378
g, 8564 ¥.5529 & TERY 28.7124
8. 8va9 4,7558 '2.131@ 16.32%
Ha 9788 3.4785 1.383638 13,9483
8. 9570 3.73146 1, 8206 13,6312
B.9971 B, 3846 B.5519 4,1524
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Table A26 Summary of Statistical Analysis of Historical Porecast
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Table A27 Summary of Statistical Analysis of Histerical Forecast
for Prance

Month
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Table A28

September
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December
January
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for India
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Table A29 Summary of Statistical Analysis of Historical Forecast

for Italy
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Residual
Variance
(MMT)?
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Regression
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Table A30 Summary of Statistical Analysis of Historical Forecast
for the Republic of South Africa

MS
Forecast Residual
Bias RSS, ) RSS, Slepe of Variance RMS RMS
Month {MMT) (MMT) (MMT)? Regression (MMT)? {MMT) (% of Actual)
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Table A3l Summary of Statistical Analysis of Historical Forecast
for Spain

MS
Forecast ' Residual
Bias RSS; RSS, Slope of Variance RMS RMS
Month (MMT) {MMT) (MMT)? Regression (MMT)? (MMT) (% of Actual)
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Qﬁbig A33 Summary of Statistical Analysis of Historical Porecast

Month
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Table A34 Summary of Statistical Analysis of Simulated Forecast
for the United States
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Forecast : Residual
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Table A35 Summary of Statistical Analysis of Simulated Forecasts
for Argentina

MS
Forecast Residual
Blas RSS, 2 RSS, Slope of Variance RS RMS
Month (MMT) (MMT) (MMT)? Regression (MMT)? (MMT) (8 of Actual)
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Table A37 Summary of Statistical Analysis of Simulated Forecasts
' for Canada r
i
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raple A39 Summary of Statistical

for India
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g: Table A42 Summary of Statistical Analysis of Simulated Forecasts
= for Spain
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Table A43 Summary of Statistical Analysis of Simulated Forecasts
for the United Kingdom
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Table A44 Summary of Statistical Analysis of Simulated Forecasts
for the U.S5.S5.R.

MS
Forecast . Residual
Bias RSS, RSS, Slope of Variance RMS RMS
Month (MMT) (um7) (MMT) Regression (MMT)? (MMT) (v of Actual)
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: Table B.l1 Human Demand for Wheat in the U.S5,
*a'ﬁnr#qplgl...
; '1VBDBDS Per Capita Human Demand in the U.S.
T -avnnkn;.l Per Capita Human Demand in the U,S. Lagged One Period
S VPMWL2 Constant Dollar Cash Price of Wheat  lLagged Two Periods
- VINCPBD Constant Dollar Per Capita Income
5,'”:; _ngggg;  pummy Variables for 4th Quarter 1964 and 1lst quarter 1965
/) .
dd vD2 - Seasonal Dummies
3 vD4 |
o ¢ Constant
' Mean of Dependent Variable is 650,3252
Independent Estimated Standard T- Mean of
. i"variable Coefficient Error Statistic Variable
TwhLnLLL e alfall o T e a15uan e 7 e0BH1G15 Y 651« 12207051

ML L

—tw e 81

fhg L4116 20 O

~Y e rIGui ey

174 0 VSECHIYY

VInCH-G —Olfe LTS T lTaobest yuine f i ebiT o nnt O 0o U20LETOO2
ToUnoGs Carw (% 3 Vhotrial, pudets o bekh P2 HNES GeliZ06:333
OUbLS L ~Vluetubit 70 IestbvoLiy —£e 70040 750 002053333
SR R TR I RPSAR WLERE B ZefiFuL I G+ 25000006
VD YT Caieul A Leffioue 08 0¢ 25000060
Vida B P TP TIPS o ed 18457 4E, 0.250000060
- Fhoa DT a0t R TRy Gt Gaboalalitb 1+ 0GOGGOO00
’ -~ R-Squared = 0,8614

R~Squared (Adj. For Degrees of Freedom) = 0,8329 T

P-Statistic (8, 39) = 30,2894 o

. burbin-watson Statistic (Adj. For 0 Gaps) = 1.5626 P

Number of Observations = 48

Sum of Squared Residuals = 7779.05
Standard Error of the Regression = 14,1231
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Table B.2 pemand For Wheat as Annual Peed in the U.S.

s

H
n
L
L

FU LT TR M T

Variables...

R-Squared = 0.9697

R-Squared {(adj. For Degrees of Freedom)} = 0 9583
F~Statistic (9, 24) = B5.2627

Durbin-Watson Statistic (Adj. For 0 Gaps) = 1.9480
Number of Observations = 34

Sum of Squared Residuals = 0.387844E-06

Standard Error of the Regression = 0,127123E-03

. FDFDNOT First Difference of Feed Demand Per Annual
_ FD1FDROT First Difference of Feed Demand Per Annual Lagged One Period

FD2PMW First Difference of What Price in Lagged Two Periods

VDl

DVD1

vb2

DVD2 _ :

vD4 Seasonal Dummies for the periods 3/64-4/67 and 1/68-4/72

bvD4

C

DC

Mean of Dependent Variable is 0.0000

ROTFERUENT TSTTRATED STANBARG Y= AR
VAR FAULE CULFEICIENT EhRiuR STATISTIC VAR JABLE
FOLIFLNUT 50187249 01713903 ~2492TEHAL0 000000009
FOIPAN ~G e GUDOOAIT O« 00000222 ~1euShitIlhHI =) o 7T15LTHIS
vi¥y -0-0“020%&2 0.00011131 =1 o 36522770 0e253529410
DYD) Ve UIHIEDETE 0.L0B2255E 6L BIVEVS LS D-laTOLETE
vh» ~{ta DO L 600000 Ve GUG LOGSRO =1ab22GHIET 0e2352%410
uvDe Y Y LY 0.000654020 - DI TIBLANR " n.14701878
vDa -y e LB UALELT Ue D 10 240 iy oot 2328 Cs 204 TOSHEA
Dvirg L e LOULYLOS 0.QU01510 Do dRILIAL OelaTOLATE
C HebOU 1411 G BOLLGLS It 3e02388660L% 100600000
L =~ N2 D000 1564614 e 08 THLGO0 058825526
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Variables...

Takle B.3 Seed

Demand For Wheat in the U.S.,

i e R

FDSD . First Difference of Seed Demand in the U.S. "
FDPMS Pirst pifference of Spot Wheat Prices
FDFAW First Difference of Futures Wheat Prices
FDFAS First Difference of Average Price of Substitutes
FDSDL First pifference of Seed bDemand Lagged One Period
Mean of Dependent Variable is 684.7000 -
PLFENDLNT cSTTRATYD o STANDARY ™ 7= HEIN'UFf""’
lnsiﬁlAbLh COEFFICIENT € IR STATISTIC VAR LABLE
FORMD 204 . 32279968 Yle24b61175% 2424374485 T o 19%99S '] =
FOFAW 117.55702024 91220560074 1.25696%058 -2 o B9 ATLO6O
FDFAS -1649.8532257 1 12U 59T 73204 ~1.21242619 -0.81 250000
FOSOL O IVSATULS Ue2T7T6BLOS 1.06471643 =217 « 699930 -
R-Squared = 0.7374 ,
R-S5quared (Adj. For Degrees of Freedom) = 0.6061 ~
F-Statistic (3, 6) = 5.61711
Durbin-Watson Statistic (Adj. For 0 Gaps) = 2.1239
Number of Observations = 10
Sum of Squared Residuals = 0,136586E 09
Standard Error of the Regression = 4771,20 i
w
i
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Table B.4 Demand for Commercial Stocks in the U.S.

Variables...

SRS ISET P S R ot e RUIVES R Mt B S e sl SR

! vscC Level of Commercial Stocks
: VFAWPMW Spread Between Futures and Spot Prices for Wheat
j VSCL1 Level of Commercial Stocks Lagged One Period
; VDl
: vD2 Seasonal Dummies
‘ vp4
{ C Constant
% Mean of Dependent Variakle is 273.3904 .
E
. INDEPENDENT ESTIMATED STANDARD v- MEAN OF
! VAR 1AULL CUEFF ICIENTY ERROR STATISTIC VAR 1ABLE
i VFAWPMYW 069790130 154784489 058009768 =-5+48633194
vSCLl 0o 8UB20821 . 0+005616%55 13.68868351 276 .70288086
vo1l -85 97752380 _ 1795742798 ~2+34898701 0+24444443
vD2 —5 7270379639 17.55693237 ~3+22603035 0o 20444443
vDa -254 19372559 16.51463318 ~1+30074638 026660665 -
c blsa5G4abal 19.32029724 341756406786 100000000
R-Sgquared = 0.8575 ?
R-Squared (Adj. For Degrees of Freedom) = 00,8392
F-Statistic (5, 39) = 46.9303 w :
Durbin-Watson Statistic (Adj. For 0 Gaps) = 2.1225 & ;
Number of Observations = 45 ;
Sum of Squared Residuals = 65846.4 "
Standard Error of the Regression = 41,0898
A it 5% had s * S B ke = T e e AN T AR o s S M et G o Lt R e A VRRS S e sk -
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Table B.S5 Area Harvested for Wheat in the V.S,

Vi:inbles...

ko g MV-W .

g

‘PDAH First Difference of Area Harvested
VFAW Level of Wheat Futures Price |
VAHL Level of Area Harvested Lagged One Period g
Lo o ‘DUME7 Dummy Variable §
£ . c Constant |
1 ~ .Mean of Dependent Variable is 688,4165 -
NDEP NT STIMATED S TANDARD - Y- MEAN OF
VARITABLE COEFFICIENT ERROR STATISTIC VARIABLE
VEAM E 25.54T725949 5.53797T150 461319256 183.34915161
VAHL ~0.4".714601 0.19673377 -2.36434174 20024, 50000000
DumMsT 3440.338562305 1263.90966797 ' 292652893 0.0833333)
c . 5015.21484375 4102,26171875 1.22254848 ' 1.00000000 »
i
i
2 R-Squared = 0.8074 -
: R~Squared (Adj. For Degrees of Freedom) = 0,7352
g FP-Statistic (3, 8) = 11.1817
3 Durbin~Watson Statistic (Adj. For O Gaps) = 2,5654
) Number of Observations = 12 ;
. Sum of Squared Residuals = 0.112581E 08 -
3 Standard Error of the Regression = 1186.28
w
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Table B.6 Rest of World Demand for Wheat

R-Squared = 0.7090

R-~Squared (Adj. For Degrees of Freedom) = 0.5635
F~Statistic (3,

bDurbin-Watson Stavistic (Adj. For 0 Gaps) = 2,4541
Number of Observations = 10

Sum of Squared Residuals = 158541.
Standard Erxor of the Regression = 162,553

6) = 4.87308

ROWTDNS Per Capita Rest of World Demand for Wheat

LROWTDNS Per Capita Rest of World Demand for Wheat Lagged One Period

-“PMWCPL Deflated Price of Wheat Lagged One Period

FPMACPL Deflated Average Price of Soybeans and Corn Lagged One Period

c Constant

Mean of Dependent Variable is 3086.4285
“YROEVENDERT ™ ESTIRAKTED ~STARUARD =" WERWOF

VARIABLE CUEFF ICIENT ERRUR STATISTIC VARTABLE
LRO¥TDNS -04+41239303 021422613 =1 + 92503548 3012.90576372
PRWCPL ~583. 38378906 164146280601 =~3.71109304 167875957
PHMACPL 1045429467773 352.30297652 2.9613561& 188441849
(& 35304 162584180 758 «12036133 4,63008595 100000000




variahlpl...

'*ﬁ!DROHAﬂ - Pirst Difference of Rest of World Area Barveltod : :
“ROWAHL - Level of Rest of World Area Harvested Lagged Ono'!.:iodT
PARERCPL ~ Putures Price of Wheat Lagged One Period :
:HC-‘;1=- . . Constant

! Htan of Dep;udcnt Variable is ' 967.7000

TVARIABLE HCﬁEFFlC]ENf ' ERROR T STATISYIC |

Table B.7 Rest of World Arua Harvested

STANDARD T

TRGRARL T T 0.3402897 T 0.16564320 T1.83899738

- TEAWFRCPL. _faaaa-aaaaaaza T 2250.59399414 T 1470873701

' :ﬁogag,gisazsoof:- T B6ATB.66406250 ] ; :l.é?ﬂ#?@;.

Rw&gﬁared_s G 4863

;-u~q ed;(&dj. For Begrees of Freedom) = 0,3396

F-Statistic €2, 7) = 3,31389

“‘purbin-Watson Statistic (Adj For 0 Gaps) = 1. 9918

“Number of Observations = 10

Sum of 8quared Residuwals = 0,.129538E 09
Standard Ezror ‘of the Regrassion = 4301,79




Table B.8 Wheat Futures Price Adjustment

Variables...

FDFAW Change in Futures Price
FDLAGFAW Change in Futures Price Lagged One Period
FDUSHF "~ Change in U.S, wheat Forecast
FDROWHF Change in R.O.W. Wheat Forecast
D643 %\ ‘
D644 |\
D645
D646
<. Constant
Dl Y
D2 _
D3
D4
D5
D& *> ' Seasonal Dummy Variables
D7 -
D8
D9
. blo
D1l 7
FDSPR Change in Spread Between Futures and Spot Prices

bummy Variables for March through June 1964

‘H§§n=offnap-nﬂant variable is -0.2185
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Table B.8 Wheat Futures Price Adjustment
;- {continued)
| .
e COERH 1L ENT Eanon staristic viRTABLE
FOLAGF AN 0. 19T40%04 0.0849282% 2.324420% =0.20015704
FOUSHE -0.33331218 0.24241602 =14 37495899 0,06198347 . “
FURCRNE -0,08820432 0.06805700 ~1e29603877 0.553 71890
(=] Daed lhe §8966578 5.885606494 «2,41008408 0.00826448
q £ 11 ] 5.450)72¢0 &.01371098 0.%0632633 0.,00820440
é DS -24.209158C0 5.92993069 -4 08254242 0.00826444
w Cénd 29,8449 1821 6.23040%34 -4, 7904119% 0.00026448
8 c 1.4335184} 1.80333614 0. 79492575 1.00060000
> £t ~1.78916218 2.57949734 -0.58585539 0.08264458
p2 =2.21009268 2.53914028 -0.87072176 0.00244458
03 ~1.96532871 2.58457906 =0.75255102 0.0428%458
o 1447574902 2.58265305 ~0.57140818 0.08264458
[} ] ~3. 88306126 2646004459 =L 46689197 0.00204458
os =1,45761204 . 2485198781 =0.51100592 0.09090%08
o? -3.26047882 3.22745514 ~1.01054098 0.08264458
ce 1.08533034 2.52834415 0.41357006 D.08264458
1] b " 2431624508 2.49139361 0.9274649¢ 0.08264458
o0 144571304 2.52989008 0.57145208 0.08264458
(T3} ~0.83548510 2.51575108 =0.33210152 0.08264458
" roseR T 0.00542806 0.05439793 0.09978426 =0.0852312¢
R<SQUARED = 0,4777
A~3QUARED CADJ. FOR DEGRELS OF PREEDONY = 0.37194
T FeSTATISTICA 19,101) = 486163 o
DURBIN-WATSCN STATISTIC (ADJ. FOR O GAPS) = 1,03109
MUPAER CF URSERVATIUNS = 12} 1]
" SUM OF SCUARED RESIOUALS = M0 T T S
STANDARD EQROR DF THE REGRESSION » 5.54074 ©
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Table B.9 Long Speculation

Variables...

VLS Level of Long Speculation -
SIGMA World Crop Forecast Error Deviation
VLAGLS Level of Long Speculation Lagged One Period
C Constant

R A00001

{ AQOOO2 Almon lLag Variables on Futures Price of Wheat i
A00003 E

Mean of Dependent Variable is 43040.7773

S T

INDEPENDENT —  ESTIMATED STANDARD T~ CTWEAN OF s
VARTABLE COEFFICIENT ERROR STATISTIC VARIABLE i
% SIGMA 5259.90234375 1701.320056836 3,.09155859 T.14731026
% VLAGLS 0.94311857 0.04307560 21.89448547 43040.44921875 .
+
F c -36665, 48437500 14289.34375040 ~2.56593132 1.00000000 :
; AD0001 50. 94000244 73.8156280% 069009775 208.88095093
? A00002 -85.33654T85 61.98852539 =1.37664986 419.43286133
? A00002 126.58135986 72.55676270 l. 74458313 210.70773315 f
R-Squared = 0.8251 :
‘R~Squared (Adj. For Degrees of Freedom) = 0.8176 ‘?
F-Statistic (5,116) = 109.469 g
Durbin-Watson Statistic (Adj. FPor O Gaps) = 1.4631 :
Number of Observations = 122 ' 4
Sum of Squared Residuals = 0.801904E 10 g

Standard Error of the Regression = 8314.42

I1-9




COEFFICIENT STaD. ERROR T=STATISTIC PLOT OF THE LAG DISTRIBUTION(*) AND STaD.

Table B.9a Long Speculatioen

DISTRIBUTED LAG INTERPRETATION

ERROR BAND{+7

; : 0  50.94

73.82 0.6901 + -
v T =60e 12 35,87 =-1.693 + * + .
j 2__=85.34 61,99 -1.377 + . + . '
? T3 =22.90 35,91 ~0+6317 v, '
' & . 126.6 72.56___ 1.745 . ~
] Mean Lag = 24,0907
i Standard Error = 21.6556
5 Sum of Lag Coefficients = 8,56033
; Standard Error = 28,5012
¢
5.
;.
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Table B.10 Short Hedging

Variables.,..

VSH Level of Short Hedging
SIGMA World Crop Forecast Error Variatien
VLAGSH Level eof Short Hedging Lagged One Period
c Constant
: A00001
; AQ0002 Almon Lag Variables on Futures Price of Wheat -
A00DD3

Mean of Dependent Variable is 55938.0000

% ~° INDEPENDENT ~  ESTIMATED “TSTANDARD | T- TTTTREAN OF T L
ﬂ VAR]ABLE COEFFICIENT ERROR STATISTIC VARIABLE
: SIGMA 13304.07031250 281814868164 4.72085381 7.14731026
: VLAGSH 0.85734272 0.05007131 17.12242126 55851.51562500
% C -90086.37500000 22161.01171875 -4.06508350 l{29000000 -
% A00001 ~52.36065674 135.75070190 . -0.38571185 208.88095093
] A00002 -56.82987976 113.58148193 ~0.50034457 419.43286133
A00003 179.50952148 131.08242798 1.36943913  210.70773315 -

T T e

R-Squared = 0.,7413
: R-Squared (Adj. For Degrees of Freedom) = 0.7302
v ' F-Statistic (5,116} = 66.4949

Durbin-Watson Statistic (Adj. For 0 Gaps) = 1.6890 :
Number of Observations = 122 o :
Sum of Squared Residuals = 0,25129S5E 11 o ﬂ
Standard Error of the Regression = 14718.5 w .
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Table B.l0a Short Hedging 2

DISTRIBUTED LAG INTERPRETATION
COEFFICIENT STaD. ERRDR VT-STAYISTIC PLOT OF THE LAG DISTRIBUTION(®) AND STal. ERROR BSANO(+Y

:’\ H
H
c
B
Ps
‘

0 -52,36 135.8 ~-0.3857 + * . * }
1 -B%. 70 64.08 -1.322 + - + o i

2 =56.83 113.6 -0 5_003 + * . + )
; 3 31.2% 65.71 0.4754% . + . * -
- & 179.5 i31.1 1.369 . * . *
%; ]
i Mean Lag = 36.3789
: Standard Error = 19,4753
% Sum of Lag Coefficients = 16.8614
; Standard Error = 49,7082 |
‘[: o
E
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b APPENDIX C
o 4
: % THE ACCURACY OF LANDSAT CROP AREA MENSURATION AS A %
f K #
: Fy FUNCTION OF FIELD SIZE AND SPATIAL RESOLUTIOCN %
; ? The mensuration error for crop acreage, isclated from %
. - A
: % identification error and other sources of error, has been char- %
g g acterized in the NASA's Task Force Report * by the relationship @
ok :
relih (c.1) ]
e = +2kV X g
: : where e = relative error of pure mensuration %
.
; 1 a = pixel area (approx. 1.l acres) §
| : A = field size in acres p
: : A = adjustment factor for secondary: 7
?: 4 processing.

3

; : While this is a useful first-order analysis of the carly results

obtained by NASA principal investigators, it is misleading to

apply the formula (C.1) to further expected performance results.

The implicatien in the Task Force Report fhat error can be re-
duced to zero by increasing the acreage under considerat;on is
false. Further difficulty with the use of (C.l1) occurs in re-
lation to statistical significance of results. Actually, (C.1l)
is a geometrical rather than a statistical relationship. 2 sim-
ilar "inverse square root law" of arca dependence can be derived

from standard statistical theory, which also offers confidence

*D.B.Wood, "The Use of the Earth Resources Technology
Satellite (ERTS) For Crop Production Forecasts," Draft
final report by Task Force on Agricultural Forecasting,
July 1974.
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limits for the cited relative error.

c.1l A Statistical Model for Ac;eége Mensuration Error bv

The approach taken here, while rather simplified in
terms of the c;mplex phenomena inveolved in ﬁsing LANDSAT-MSS to
mensurate acreage, is sufficiently detailed to permit a thorough
first-order review of the issues raised by the Task Force Re-
port's (TFR) discussion of the theoretical limits of accuracy:
and particularly teo review use of Equation (C.1) in TFR. There
are two important issues at stake:

(1) What is the statistical significance of the formufy
for relative error? '
(11) What happens in the aggregate, l.e. over a large num-
ber of distinct fields of one crop?
In this appendix a new expression for relative error will be de-
rived from the Binomial probability distribution which includes
(C1l) as a special case; and a proof will be offered showing
that the relative error does net diminish towards zero as the

number of fields of one crop in the total acreage increases.

c.1l.1 Basic Description of the Binomial Model
The errors in acreage mensuration by use of ERTS-MSS
data are almost entirely due to the uncertainty associated with

K *
border pixels, as the TFR points out in detail. The pixels

. -
""Pixel = one picture element, which references approximately

1.1 acres on the ground.

e it e,
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which are "pure” crop, i.e., veflect the interior of a field are %
assumed to be correctly classified with 100% accuracy after com- %
puter processing of the digital tape. Needless to say there é
may be considerable work involved on recognition algorithms be- %
H
fore this result is achieved, but for the time being let us i
i
. assume it can be done for the major crops of interest and with g
regard to any field of more than 10 acres. Next consider that :
!
"border" pixels {(see Fig. Cc.1) 4i.e..,those which are located along %
T
the field boundary and thus do not reflect "pure" crop of one kind, %
§
~ are correctly classified with probability q, = 1 - p,. In other }
? words, the error rate of type I: failing to include the pixel %
E area in the field area, is 100p1%. The false alarm rate, dr E
i: ‘.’ - h
g type II error is similarly assumed to be a fixed (but possibly :
] % unknown) probability P, Also 9, = 1 -pz. ;
' T—T ’ i f
: i chﬁ-Ti } + pﬂffﬁf%}_wh-;;— Border Pixels %
;, ///// //,/ = //’/'f o /./;' / /:,},A %f 7 :
: YR VI DT . SRR I UL :
A VAN AT A s 1 ;
: I // / '// Y "
B "f i / ¥
i) :
; Interior Pixels ;
; Field Zfea ;
i anry, ¢

£ 7
) |
“ ,/"‘l{’ ;
. : 3

Figure C.1 Pixel Grid Over A Field of
Area "A"
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c.l.2 Calculation of 95 Percent Confidence Interval

for Relative Error

The expected error for a single border pixel is
u(ql + p,) - @ if that pixel is in fact 100a% crop. The para-
meter "o" will in general present a problem, particularly since
it will vary anywhere from 0 to 1 with unknown distribution.
To eliminate it from the moéel. assume (as does TFR) that the

average border pixel is a 50-50 mixture of crop and other

content:

a= .5 (c.2)
For the entire border area, there are

NB = u\/;a (C.3)

pixels, where U is a shape factor. For square fields, for in-

stance, i = 4., If the pixel area is written:

.2
& = r {C.4)
then the cquation (C.1) can be expressed as:
Na = yVa/r . {(c.5)

The number of border pixels classified (correctly or incorrectly)

as belonging to field of crop is a random variable with a bino-

mial distribution. Multiplying by the area of a pixel (rz)

leads to the following expression for the total error of acreage

mensuration:

i
B
g
Al :
¥
]
{
%
¥
5
E:
3
2
P
3
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- 2
(A -A) NBr (0.5(q1 + pzl - 0.5)

2
- O.SNBr (92 - Pl)

’ {C.6)
= 0.5ur VA& (p, = p,)

where A means a statistical estimate of area A based on the
binomial probability model. Dividing (C.6) by A to get the

*

relative error:

(55 - e, - ey e

The above expression represents an expected value in thp.stat-
istical sense derived from the binomial model.

In the case of square fields the expression (C.7) can
now be compared with the TFR error formula e = %;%- since (C.7)
yields e =€%%(pz - pl). However, even in the event that .
k= P, - Py (leading to numerical equivalence), the meaning and
interpretation of the two formulae differ substantially.

Using this same model, it is possible to obtain an

approximate 95% confidence interval for the relative error of

mensuration (A ; A) .

Prob [sn—u.gs) VVR £ (" = ") < ER + (1.95)\/\:3]—- .95

ur
wher = -
° ER = gvn (P T Py

ur? (C.8)
As an example, consider a square field (U = 4) of 256 acres and

assume a pixel area of 1.1 acres. Then with type I (failure-to-

recognize) and type II (false alarm) error rate of 5% and 10%

e 4 AR 5 it 4 B adrietei ot Ll e e

it g
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respectively, the 95% confidence interval for relative error of

mensuration is: (.0069 * .0260) = (~.019, +.033); in other words,

from a 1.9% underestimate to a ‘3.3% overestimate. It is impor-

tant to recognize

g T

(1) that the expected relative error (0.0069) is small 3

compared with the 2-sigma limits (+0.026) in this

example, and

(11} that the statistical model does not, so far, allow

]

fully for improvemehts that are possible with sub-

.

1 pixel processing. “

1£, for example, the latter uses 10(k = 0.1) grey levels,

it may be possible to reduce the relative error to {(.0007%.0028),

although this is, in a sense, double counting, because the sta-

DS h sy A TeRaeT

tistical model already allows partially for the removal of un-

ki £ M P BT R

certajinty in recognition of border pixels.

R e

. C.1.3 The Statistics of Relative Error for
k Many Fields

When the analysis used in this section is applied to a %

large number (M) of fields with areas Al.hz. ...,AH will the

law of large numbers apply to cause a reduction of relative

error of acreage mensuration towards zero? The answer depends

on the geometric relationship of the fields. If two fields of

crop "A" share a common border,

SRR ASEIIE . TAE T ML I

for remote sensing purposes they

are one field with enlarged arca. The definition of "field"
in this context must exclude differences of ownership and other

differences not observable by spectral decomposition of reflected
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radlance. Thus Figure C.2 does not represent the type of situ-

ation at hand. Rather, it is the case for mensuration purposes
that fields of one crop are (mostly) unconnected as in Figure
€.3. FPields of other crops, or other kinds of land use (such

as B in Figure C.3) will be contiguous with the crop "A" fields;

the border pixel problem acquires its precise definition in re-

lation to the specific land use patterns of adjoining fields.
Assuming a known distribution of field size repre-

sented by a disuribution function F, the expected relative error

for total acreage is:

’. 1 0.5 -
e [A total - A totalJ= ur(ge Py)

A total \/i’
2 .
where K = [ fAAF(A) (c.9)

AAAF (A)

Por example, if 50% of the fields are of area A acres and the

other 50% are of area 2A acres, then expected relative error
0.377ur(pg - pl)

vV

which is intermediate between the single-field error for areas A

would be

I 4

and 2A.

Consider M unconnected fields of identical area, A

acres each. In this case

1M 2
M I (A) 2
- i=1 A
A - M =( 7 ) = A |
. _ ;1'. ALY (€.10)
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Figure C.2 Many Fields in the Cecntiguous Case

Figure C.3 Many Fields in the Unconnected ’Case_
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so that the RE given by (C.9) is the same as (C.7). Thus,
in general, no improvement of aecufacy can be expected by virtue
of a large total acreage if :he individual field size is not

increased.

The effect of comparing M fields of total area Atotal

with a single field is to reduce the 2-sigma limits for relative

‘error used in (C.8) to derive the 95% confidence interval by

a factor of VM, while leaving the expected value unchanged.

If the expected value is not zero i.e. Py + Py
"~

mator A, .a3 €2an be said to be consistent (UM—+0 as M —¥w)

but biased (E(A) = A) in the jargon of modern statistical theory.

then the esti-~

Furthermore, it is also not asymptogig_lly unbiased since the

fa)

expected value of Atotal does not even approach Atotal as M in-

creases without bound. Practically this will not be important

in cases such as the example cited above in which the bias is
fairly small. Feor small fields it will pPresent a problem and
it i. important to stress here that the problem cannot be made

to go away by assuming a large number of small fields to bhe

available for mensuration of total crop acreace,

c.1.4 A Sensitivity Analysis of Relative
Exror for Small Fields

The expected relative error of area mensuration as es-
timated by (2.7) is open to another interéretation. If the
number of pixels in a typical field is N, = A/a, (c.7) can be
written;

3303 2 KT LoD b

A e R Wi e LA
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. (’R - A) _2pympy)  aap
A

' Np N, (C.11)

for square fields, where: p2 = "false alarm" rate of error

P, = "fajlure-to-recognize"” tateqof
error, y

The difference AE = (pz-pl) between the two error rates is the

resultant of several opposing forces. It is not possible at the

level of detail of this discussion to decompose this parameter

further into its contributory sources, but it should be remarked

that, a priori, one might expect AE to be substantially different
from zZero in many agficultural applications. This is because
some of the typical field borders will include land cover such

as roads and streams which are substantially easier to recognize
than the crops under investigation. Furthermore, AE will gener-
ally be unrelated to the field size, A and the number of fields
in the total acreage. As pointed out in the preceeding para-
graphs, Np is not a sample size in the usual sense: it represents

sampling within one field only, rather than sampling within the

whole crop acreage. Thus, to reduce relative error of mensu-
ration by increasing Np would imply reduction of the pixel area,

a, which can only be achieved by improved spatial resolution of

the MSS. Field area, A, is not a system parameter subject to

design specification since the system for ERS iiop survey must
. k]

take the fields as they are. Table C.1 contains a sensitivity

analysis of relative error for "small" fields in the range 10

3
3
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to 100 acres with an assumed pixel area of ona acre. It is im-

mediately cireaus

error is sensitive to the 'difference between the two error rates,
as well as to the size of the field., But even when the error
rates of non-recognition (pl) and false alarm (pz) are e?ual.
the actual relative error fér a particular small fieldﬁmay be
quite large as Table C.2 reveals through sensitivity aﬁalysis

of the 95% confidence limits for relative error.

ol Cat v chat Silaar oo bl S M - - - - b . TN

c~11

from a glance at Table C.l that the relative

et R A e R Ao FT S 1 e 2T O it 0 A AN o el A b

Table C.1 Sensitivity Analysis of Relative Error
for Small Fields
_ _ e
Np AE = Difference Between P, and Py
No., of Pixels
per Field 1s -1 3 10% 25% 50%
Percent Relative Error of Area Mensuration
10 0.6 3.2 6.3 15.8 31.2
20 0.4 2.2 4.5 11.2 22.4 i
| :
50 0.3 1.4 2.8 7.1 14.1
100 0.2 1.0 2.0 5.0 10.06
i e e Rt e i ka1 ae e bt e e £ X 4 e o oo o i i o i e R
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Table C.2 Sensitivity Analysis of Relative Error of Area
Mensuration for 100-pixel Scenes with Varying‘
Non~Recogniticn and False Alarm Error Rates

p1 = Probability of Non-recognition; p2 =« FPalse Alarm Rate

Parenthetical Fiqures Are 95V Confidence Limits:; Beneath
Them Are Expected Values of Relative Error 3
.00 0.01 0,05 0.10 0.25 0.50
0.00 {0,0} {(-1.0, 1.4) Q{=1.7, 1.7} (-1.7, 5.7} (-0.3, 10.4}] (3.8, 16.2)
0 0.2 1.0 2.0 5.0 lo.0
0.01 {=1.4, 1.9) (-1.7, 1.7} {-2.2, 3.8y | (-2.1, 5.7} {(«0.7, 10.3)% (3.5, 16.1)
-0.2 0 6.8 1.8 4.8 9.8
0.08 {-3.7, 1.7} fr-3.8, 2.2) (-3.8, 3.8) {(~3.6, 5.6} {-2.0, 10.0) (-2,2, 15.8}
~1.0 =-0.8 4] 1.0 4.0 9.0
a.10 - {=5.7, 2.1) {(~5.7, 2.1) {-5.6, 3.6) {-5.3, 5.3) (~1.5, 9.5%5) (0.9, 15.2)
-2.0 ~-1.8 -1.0 0 3.0 8.0
0.25 {(-ro.4, 0.4} {=10.3, 0.7} lt-10.0, 2.0) {-9.5, 3.5) (-7.6, 7.6} (3.2, 13.2)
-5.,0 -4.8 4.0 ~3.0 0 5,0
0.50 (~16.2, =-13.8) (-16.1,-3.5) [(~15.8, -2.2){(15.2, -0.8) (13.2, 31.2) (-8.8, 8.8)
~160.0 ~9.8 -9.0 -8.0 -5.0 0

FA) gl






