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1. MAJOR THEORETICAL ISSUES

1.1 Purposes of U.S. Grain Reserve--Food Fund

The recent discussions of a U.S. grain reserve program in the U.S. Federal

Government and agricultural research communities have taken place at a time

when many voices in intemational circles have been advocating creation of an

International Food Fund for the purpose of preventing famine in food-deficient

countries in case of disastrous crop failures in those countries. Thus, we have two

fundamentally different sets of purposes for grain storage programs:

•	 Foodgrain price and farm income stabilization in the United States
(which includes Foodgrain consumption stabilization)

•	 Food security for the food-deficient nations.

There is general agreement that government price and income stabilization

programs are potentially beneficial to producers if managed properly, and the

stabilization can also be beneficial to the entire economy, on balance. Consumers

may in fact suffer losses from stabilization programs in countries in which the

basic health or physical welfare of consumers is not threatened as a result of food

shortages. When we consider the extreme cases of famine or widespread

malnutrition, however, it is clear that the need for a grain reserve which can be

utilized to prevent these dire consequences far overrides the traditional economic

concerns with the consumers' pocketbooks. It is the latter use of grain reserves

which we term "food security." This subject has been well-analyzed in recent

studies by Johnson and Sumner [21], Reutlinger [25] and Konandreas, et al. [24].

The present case study is concerned not with food security, but with food price

stabilization. To a very limited extent the use of a food fund to prevent extremely

high prices could be interpreted as a form of nutritional disaster prevention, but
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1 4 since we have limited ourselves to very aggregate regional entities (United States

and Rest-of-World (ROWD and more particularly because of our use of linear

demand schedules, we shall avoid such Interpretations.

j In this case study the grain is acquired by an international authority in times

of grain surplus by open market purchases at prevailing prices. The authority

releases grain from the reserve to either domestic or foreign markets whenever

average prices exceed a preset ceiling level for the current two-month period.

Both U.S. and foreign grain market prices and grain consumption are stabilized by
I

the intervention of the international food fund, and this is the only purpose of the

food fund in our study. We are concerned with three aspects of the economics of

this type of grain reserve:

1. The costs of the operation of an international grain reserve program

2. The benefits of the program

3. The effects of improved crop information on the costs and benefits of
the program.

The subject is treated as generally as possible within the context of the existing

	

i
	 ECON Integrated Model, which was created and implemented for NASA in 1974-76

f in order to estimate the benefits of a worldwide LANDSAT crop survey

application [13, 14, 15]. It is the Integrated Model which provides quantitative

insight into the third economic aspect mentioned above, and which permits

evaluation of the trade-offs between inventory and information.

1.2 Costs and Financing of a Grain Reserve

The major cost associated with the creation of the grain reserve is associated

with the initial acquisition of sizable starting stocks by the food fund authority.

	

"	 This is necessary if the food fund is to meet its objectives with any reasonable

degree of probability. Further costs are surely incurred as time goes on for

	

(	 subsequent foodgrain purchases, but these costs are offset to some extent by sales
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of foodgrain from the fund's stocks. Inasmuch as the purchases are made at times

of abundance of grain when prices are low and the sales are made at times of grain

shortage when prices are relati /ely high (but not extreme, obviously), there is a

possibility of profitable fund operations. It will be seen that, under the operational

rules adopted for the study, this possibility does not materialize within the 50-year

lifetime of the fund and, indeed, it would be inappropriate for the fund to be

profitable in the presence of an existing competitive private grain storage industry.

We have chosen not to attempt to develop specific details of financing for

the fund. The policy simulation method (see Section 2) used here does not achieve

a sufficient degree of realism for financing to be relevant in this context. Thus,

we assume that the countries participating in the food fund provide pro rata shares

of the required initial capitalization for acquiring starting stocks of foodgrains;

alternatively, one can assume that the fund obtains a single large long-term loan at

zero interest charge from an international financial body such as the World Bank.

It would be relatively simple to modify our results, which are intended to be only

illustrative, to account for greater realism in the financing of the fund.

1.3 Benefits of a Grain Reserve

The economic welfare effects of storage of foodgrains by a governmental

authority are complicated and the subject is controversial. It has been repeatedly

found that estimates of the economic benefits of grain reserve programs change

size or even sign as a result of varying assumptions of the economic analysis.

Helmberger and Weaver [ 9] showed that accounting for private storage behavior

in the presence of a government grain reserve program made a substantial

difference to producer and consumer gains and losses. Just, et al. [23]

demonstrated the importance of the nonlinearity of demand curves for determining

even the signs of the consumer and producer welfare effects in a two-region world

;1^,
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wish trade. A third theoretical issue of importance to economic analysis of this

subject concerns the temporal dynamics of grain production, consumption and

storage. Many published studies of the benefits and costs of a grain reserve

program are based on static models. The dynamic model involves considerable

mathematical complexity and requires far greater amounts of computation (see,

for example, Gustafson [ 20] or Andrews [15]).  Nevertheless, the foodgrain

economy is dynamic in reality and It seems to us that a dynamic model is a minimal

requirement for credibility. Related to this issue is the question of feedback from

the markets to the fund authority and vice versa. There is a subtle question

involved here on how the markets evaluate fund transactions, and what effect the

informational flows have on both markets and fund. In the present study, we have

attempted to deal with this problem through the use of a stochastic optimal control

model in which uncertainties about the size of future grain harvests are specified

as a probability distribution on the supply state variable. Although a full-scale

infinite-horizon optimization of the model with government intervention (food fund

operations) is presently beyond our capabilities, we have optimized the model for

each time period with fixed rules for food fund operations, and this does include a

1 1	 local feedback loop between fund and market.

A limitation of the present study is that we can only consider linear demand

schedules: this is a price we pay for having the dynamic and stochastic elements

well represented in the model. The consumer benefits of the food fund are

computed separately for each world region (United States and ROW) but the

economic benefits are computed )nly for the entire world. The standard form of

economic surplus as integral under t`,e demand curve is used to compute benefits
6
M

per period; these are then discounted ;tt 15 percent and accumulated over the

lifetime of the fund.

I ^;
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1.4 Crop Information and Fund Management

The instabi l ity of foodgrain prices is related in part to the natural variability

of crop harvests and in part to the state of information on future crop supplies

available to the market. Buffer socks can dampen market price fluctuations and

indeed we are contemplating the use of the grain rctserve for this very purpose in

this study. Unless these stocks are very large (-hich necessitates high carrying

charges--storage cost and interest) the uncertainty component inherent in

less-than-perfect Information about the expected crop yields has a significant

effect on price variability and consequently also on consumption variability. There

have been suggestions that crop information improvement can be traded off against

increased inventory of grains (e.g., L. Thurow [271;. I t is logical that this should

be true in a very simple sense: the release of reserve stocks to the market can

hold down price increases as effectively as the release of official information on

the expectation of good crop yields. But the former can surely be accomplished

whenever the reserve management finds it advantageous, whereas the latter is

equally surely tied to natural agricultural phenomena. The question of interest to

us is: What is the economic efficiency of a grain reserve: program of a specified

1. size in the presence of an information system of specified accuracy? Our focus is

accordingly on the trade-off betv:een the benefits of increased crop forecast

accuracy and the benefits of the grain reserve program in a sense which is to be

detailed in Section 2. There are, of course, also costs associated with the

improvement of the crop information system. The interested reader can find

LANDSAT system costs in "A Cost-Benefit Evaluation of the LANDSAT Follow-On

Program" [26). The present study is, we believe, the first to estimate the

	

M .	 quantitative effects of improved crop forecast accuracy on the costs and benefits
r"r.

Ep@2
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y	 of a grain reserve program In an International vetting, even though these estimates

r	 are admittedly rather crude due to the simplifying ass.:mptions of the analysis.
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2. STUDY METHODOLOGY

2.1 Relationship to ECON Integrated Model

The Integrated Model is a stochastic optimal control model of a two-region

wheat economy, one region being an exporter, the other being an importer. The

time basis of the model is a six-period year and an Infinite horizon. Planting and

harvesting can occur in any of the six periods; In the present implementation we

have distinguished spring and winter wheat plantings and Northern and Southern

Hemisphere crop calendars. There are four state variables representing wheat

stocks and growing crops in each of the two regions. All of these quantities are

treated as uncertain through explicit addition of a stochastic vector in the state

transformation. There are five time-dependent decision variables, representing

wheat planting and consumption in each region for each time period and trade

between the two regions. By balance of materials, the storage decisions for each

time period are implicitly also represented in the model. The model solution is

/ obtained by maximizing expected present value of world economic surplus. This

corresponds to the f-ee market, full competition case. In order to bring food fund

operations into the Integrated Model it is sufficient to add a new state variable

representing fund stocks and several new decision variables representing fund sales

and purchases in both regions. The policy of the fund is expressed by enlarging the

i	 constraint set to include the stabilization price bands in both regions.

Use of a rigidly fixed price band for the fund policy presents modeling

difficulties in terris of the nrnlinearity of some of the new constraints required to

implement such a policy. An alternative method which specifies a penalty cost
M

rx'	 associated with violations of the price limits was studied and found to be

I'



8

I' satisfactory. In practice, Implementation of this approach would

Involve considerably more time and effort than was available for this study, due to

the Increased computational burden in the case of performing the optimization ^r, a

higher jimensional state space. Accordingly, we approached the task of estimating

costs and benefits of a food fund as a policy simulation.

2.2 Policy Simulation Method

The policy simulation was created from the previously optimized Integrated

Model by adding specific fund policy rules to the existing computer simulation of

optimal wheat consumption, production, storage and trade. The Integrated Model

was first solved for the given information system thus obtaining optimized

economic surplus (objective function) coefficients and optimized mean values and

variances for the state variables. Then, using these optimized values, the model

was : n ;n simulation mode with the fund transactions included. In this mode, the

decisions are locally optimized with respect to prevailing market prices and supply

uncertainties; that is, the decisions are optimal within each time period. Random

numbers are used to update the state vector of wheat stocks and supplies according

to the means and variances previously calculated. Then planting, consumption,

storage and trade are provisionally optimized for the subsequent period. If

resulting optimal prices violate fund policy, the fund intervenes, buying or selling

enough wheat to bring market prices within the price band chosen for the

particular --;mulation. After revising the decision variables to account for fund

intervention, the simulation moves on to the next period. In case the fund has

insufficient stocks to hold prices below the ceiling level, the simulation allows a

violation of policy. Similarly, when the supply conditions and fund policy are
M

"rF

	

	 incompatible in times of surplus (low prices), the simulation allows the price floor

to be violaters. Otherwise, the simulation covers a 30-year span consisting of 300

Ek@^
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individual periods, starting with a particular fund size and maintaining a particular

price band in each of the two regional markets. C:,sts and benefits of the fund in

each region are calculated, discounted at 15 percent per annum and accumulated

for final display at the end of the 50-year period, at which time all remaining fund

stocks are sold.

2.3 Assumptions Used in Policy Simulation

Besides the assumptions used in the ICON Integrated Model, which are fully

documented in Reference 15, the policy simulation required that the rules for

operating the fund be specified in a clear, unambiguous form. To set the stage for

the analysis and conclusions, we summarize these rules here. Full documentation is

to be found in the first volume of this report, ECON Report No. 77-294-1,

An initial acquisition of wheat stocks by the international food fund is made

by purchasing the wheat from the private sector of the United States at the

model's starting price of $138 per metric ton. For 50 years, or 300 time periods,

the fund is operated by

	

•	 Holding the wheat stocks in the region where acquired at a storage cost
of $0.625 per metric ton per month

	

V•
	 Selling wheat (in either region) when the market price reaches the

regional price ceiling

	

•	 Buying wheat (in either region) when the market price falls below the
regional price floor

	

0	 Selling all remaining wheat stocks after 50 years at prevailing market
prices.

The price: band for the U.S. operations of the fund was fixed at $140 to $220 per

metric ton. After experimenting with a few different sets of rules, four cases were

run with the above rules in force and the policy specified as in Table 2.1. The

initial stocks were selected in such a way that the fund could operate under the

f_
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TABLE 2.1	 POLICY RULES FOR FOUR CASES

INFORMATION SYSTEM UNITS CURRENT OATELLITE

CASE 1 2 3 4

ROWI PRICE FLOOR $/MT 150 155 150 155

ROW PRICE CEILING $/MT 258 258 258 258

INITIAL STOCKS	 IN U.S. M11T 90.7 52.1 42.2 11.7

corresponding rules of acquisition and release for 50 years without running out at

any time.

To compute present value of costs and benefits the interest rate on wheat

inventories was assumed to be 10 percent per annum. To this was added 5 percent

per annum storage cost. Transportation costs of $8 per metric ton were assumed

to be charged to importer when wheat from the fund was transported from one

region to the other. The overhead costs for operating the fund were assumed

negligible compared to the cost of acquisitions and hence were ignored. Benefits

within each time period were computed as the economic surplus by evaluating the

incremental vaiue function at the constrained optimum level of consumption,

trade, storage and prices.

The accuracy of the crop forecasts (error variance) at each time of year and

in each region was used to characterize the two information systems--denoted

"current" and "satellite" in the next section. The actual inputs were the same as

those used in ECON Report No. 76-243-1A, Table 2.11 [ 15].

It was assumed that the fund policy rules were announced clearly and

unambiguously and followed strictly for 50 years so that the market impacts of the

fund's transactions could be modeled in a straightforward manner. As with the

Ep@on

.
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	 ECON Integrated Model, we have also assumed that all improved crop information

obtainable from the LANDSAT system is published under ground rules similar to

those in effect for the USDA Crop Reporting Board today, so that no differential
r.	

effects of crop information need be studied.
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l'	 3. RESULTS AND CONCLUSIONS

3.1 Cost Savu gs from Improved Information

Both benefits and costs differed significantly according to which information

system was assumed. These differences were the same order of magnitude as the

differences due to the specification of the fund policy. The present value of costs

for operating the fund for 50 years differed by four to five billion dollars between

current and satellite information systems. For a fund which is chartered to

operate under the rules which we assumed, the improved (satellite) information

system results in annual cost savings of about a half billion dollars over the life

of the fund. The savings occur mainly, but not entirely, as a result of the reduction

of required initial stocks when the satellite information system is employed.

Chringes in the sharpness and frequency of price "peaks" account for the remainder

of the cost savings.

3.2 Benefits of the Fund

/ On the contrary, the annual benefits of the fund to the world are greater by

approximately the same amount with the current information system than with the

satellite system. (The exact difference depends on the fund rules. See Table 3.1).

Benefits rof the fund to the ROW consumers are approximately greater by this

amount with the current information system, regardless of which rules are

assumed. The main reason for the big difference in ROW benefits is found to be

the substantial reduction of ROW price "peaks" afforded by the satellite infor-

mation system. The fund is thus more sorely needed in the ROW with the current

'	 information system than with the satellite system. In the United States the
4
m

improvement of forecast accuracy causes prices to be slightly higher in this

P
1
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model--hence, slightly higher total benefits result. In fact, the U.S. consumer

benefits under the current information system were found to be losses, and were

converted into small gains under the satellite system. The trade-off between crop
i[

i	 information and reserve wheat stocks (fund operated) Is very clear in these results.

3.3 Comment on Significance of the Results

To avoid possible confusion on the meaning of the results, it should be

emphasized again that it was not our intention to compare the economic welfare of

the United States and ROW with and without an international food fund in this case

study. In particular, there is no attempt to measure the food security and famine

relief effects which might result from a properly managed fund. The purpose here

is to provide illustrative, and possibly insightful, estimates of expected benefits

and costs of the fund under two different regimes of crop forecasting accuracy,

and to subject these estimates to a limited sensitivity test with respect to

variation of the fund policy. With a poor choice of fund policy, our results show

that there can be a large consumer disbenefit or economic loss over and above the

cost of operating the fund (e.g., the fourth case). With the current information

system, the simulations demonstrate a large benefit to ROW consumers at a large

cost due to heavy fund investment in stocks. It is not dear that this result would

in fare be realized under the assumed operating rules of the fund, even allowing for

the simplifications of regional aggregation and linear demand curves, because the

gross economic welfare of the world is reduced by the fund's interventions in the

markets. This economic loss has been approximated, and when combined with the

aforementioned consumer benefits, results in smaller world benefit of an inter-

national food fund. The net economic affect of the fund, taking costs of fund

t̂	 a
..-%-•	 I. 1,.....	 a	 a. YAd'taw+'^6^.w.^..
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transactions into account, Is a loss, as expected. Improved crop information can

reduce this loss, giving a conditional benefit in the presence of a fund of specified

dimensions.
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4. RECOMMENDATIONS

In view of the limitations of the method of policy simulation for estimating

economic welfare effect, it is recommended that the ECON Integrated Model be

modified as discussed In Section 2.1 (and in more detail in Section 2.2 of the first

volume of this report) to incorporate the fund policy rules directly into the ,global

objective function and constraint set. This task has been thoroughly analyzed in

the present study; but the computer resources--both CPU and programming--

prevented its implementation within the existing contract, in spite of the signi-

ficant improvement in computational efficiency achieved by the conversion from

APL to FORTRAN. (For documentation of the computer work see the ECON

Report No. 77-294-1A.)

The importance of the subject compels us to recommend that an attempt

should be made to use the ECON Integrated Model to analyze food security and

famine relief, in spite of the difficulty of the task. A most desirable approach

would be to incorporate highly nonlinear demand curves for the food-deficient

sectors. If the number of regions must be held down to two for computational

reasons (as seems likely at present), the regions should be redefined to represent

one group of nations which have a food surplus and are willing to aid the other

group of nations, which have a food deficit, and are designated to be beneficiaries

of foodgrain aid from the first group.

The evaluation of foodgrain reserve policy is inevitably concerned with the

effects of crop shortfalls ,; iich are exceptional in some sense. The policy is

established on the basis of statistics on foodgrain production and consumption

which present the fund authority with averages, cycles, trends and extreme

I^
	 Ep®W
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1 deviations. There may occur a sequence of unusual crop years or there may be a

break in the trend pattern following formation of the fund. A major shift in

economic conditions (as, for instance, seems to have occurred In 1973-74) may

intervene to disturb the established worldwide pattern of foodgrain production and

distribution. The policy simulation has built into it one set of statistics on natural

vr-riability in wheat production, but another set with different characteristics could

also be simulated. Demand shifts could be studied too, but less easily on account

of the use of the demand functions to specify the global objective function in the

optimization of the ECON Integrated Model. Perhaps most obviously, we would

recommend running the existing version policy simulation for many years to bring

out rare e. nts such as disastrous crop failures which could be separately collected

for analysis. In a similar and related vein, the policy simulation should be used to

study the costs and benefits of the fund in the presence of a sequence of years

which involve relative abundance in the production of foodgrains.

4
N
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