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FOREWORD

In low-income countries the bulk of
adjustment to fluctuation in food supplies
is made by th= poar. The direct price and
indirect employment effects of a 10 percent
decline in foodgrain supplies reduce food-
grain expenditure by as much as 40 percent
inreal terms for the lowest 10 percent of the
income distribution. In contrast, with the
same decline in production the reduction in
foodgrain expenditures is only | percent in
real terms for the top 5 percent of the
income distribution. And vyet it is the poor
who are least able to withstand such privation.
The poor spend such a high proportion of
their income on food that price increases
induced by shortages greatly reduce their
capacity 10 buy foodgrains, whereas the
more well-to-do compensate by spending
less on other goods and services, thereby
further decreasing the income of the poor
through reduced employment. Because the
food intake of the poor is already so close to
the minimurn level, supply shortages result
in increased malnutrition.

Thus one of the most important actions
that can be taken to improve conditions for
the poor is to reduce fluctuation in food
prices and supplies. IFPRI research has
examined various aspects of this problem.
IFPRI Research Report 14 notes the deleteri-
ous effect on low-income countries of de-
veloped countries' efforts to stabilize their
food supplies. A forthcoming IFPRI research
report will examine tren-ls and fluctuations
in the Soviet Union’s grain imports. Other
IFPRI research compares the burden devel-
oping countries face in finding exchange
resources 1o compensate for supply short-
falls deriving from fluctuation in domestic
production and that arising from fluctua-
tions in international prices. Fluctuations in
world prices of foodgrain imports placed a
substantial foreign exchange burden on
only a small number of developing countries
in the 1965-76 period, whereas the burden
on foreign exchange resnurces stemming
from fluctuations in domestic production
was heavy for many more countries.

Dan Morrow's research examines in de-
tail the rationale underlying stockholding
dgecisions for wheat, the most important

foodgrain from the point of view of interna-
tional stocks and trade. The report provides
not only an understanding of the past
behavior of world wheat stockholding but
also a basis for anticipating the near future.
The following points are of particular im-
portance.

First, there is likely to be substantial
stockholding in the world wheat economy
even in the absence of new international
policies. Although there is certainly room
for improvement through measures such as
information sharing, limits on export con-
trols, or increased responsiveness of devel-
oped-country consumption to world supply
fluctuations, the outlook for stockholding is
not pessimistic.

Second, commercial stockholding will
adjust to changes in the world wheat econ-
omy. Thus, if the poor were not so readily
squeezed from the market, their increased
demand would give rise to increased world
price fluctuations and, simultaneously, in-
creased stockholding. Thus, the underlying
cnlprit in the fluctuations in consumption
by the poor is more their poverty than the
failings of the market per se.

Third, an international program to in-
crease public stocks would at least partly
substitute for stocks thatr would have been
held anyway. Although Morrow discusses
how to minimize the effect, this suggests
that an international stockholding agree-
ment may be an inefficient way to provide
greater food security for low-income coun-
tries. It should be kept in inind that, as
inefficient as they may be, national and
international stocks are preferable to no
program at all.

The research further substantiates the
conclusions drawn from other IFPRI research
and reflected in the policy position of the
World Food Cou:..il of the efficacy of a
program to help low-income countries finance
food imports in zimes of domestic supply
shortfall. These findings give special rele-
vance to IFPRI's continuing analysis of the
scope and workings of an international
financial facility to help low-income coun-
tries meet large upward fluctuations in their
foreign exchange requirements for food



imports; as well as to IFPRI's large program
of research on public policies to assist low-
income people to increase their food con-
sumption. The combination of strong do-
mestic programs with strong international
programs can do much to protect the poor

from the privations incident to fluctuation
in weather and prices.

John W. Mellor

Washington, D.C.
September 1980



SUMMARY

In low-income countries {luctuations in
food supplies impose severe hardships on
the poor. Especially since the world food
crisis of the early 1970s, considerable atten-
tion has been given to various means of
using reserve stocks to improve the food
security of developing countries. One result
of this concern was an attempt to negotiate
a new Wheat Trade Convention based on a
system of reserve stocks designed to reduce
world price variability. After almost two
vears of meetings conducted jointly by the
International Wheat Council and the United
Nations Conference on Trade and Develop-
ment (UNCTAD), these negotiations ended
without agreement.

This repnrt seeks to assess the rationzale
for an international agreement to increase
wheat stockholding. To do so, it attempts to
explain the behavior of stockholding in the
world wheat ecoromy since 1960, to predict
that behavior for the near future, and to
consider possible benefits from an inter-
national agreement to increase stockholding
above the predicted level.

As the foundation for this effori, the
report first presents the theory of econom-
ically optimal stockholding in a market
economy without substantial government
intervention and surveys the ways in which
government policies may induce departures
from that pattern of stockholding, Existing
literature shows that in an efficient market
economy, an economically optimal level of
carryover stocks (ending stocks in excess of
minimum working stocks) is primarily a
function of total supply (production plus
stocks carried over from the previous year)
in each year. Specifically, no canyover
stocks should be held when total supply is
approximately equal to trend-level produc-
tion, and carryover stocks should increase
at a rate of 0.6 to 0.8 tons for each ton
increase in total supply. In a market economy,
this “optimal storage rule” maximizes finan-
cial profits from stockholding and would
thus be followed by private speculators.
Theory also suggests that carryover stocks
should be concentrated among exporting
countries because their camrying costs are

usually lower, but the efficient distribution
of canmryover stocks among countries will
shift continuously depending cn production
fluctuations and other factors.

However, various government policies
can significantly alter the level, location,
and welfare consequences of stockholding.
A government can directly influence the
level of stockholding by subsidizing private
stockholding or by operating a public huffer
steck If the acquisition and release prices
for a buffer stock are approximately centered
around the long-run average price, then itis
likely to bring about a net increase in total
stockholding only if the price band is rather
wide. If the price band is centered above the
long-run average price, it will lead to larger
total stockholding than would otherwise
occur but wiil involve substantial financial
losses. Government trade policies can also
have a significant effect on stockholding.
Insulation of national prices from world
price movements discourages private spec-
ulative stockholding within those national
markets. The possibility of export controls
provides an incentive for stockholding by
importers. Those countries that successfully
use trade policies to insulate their economies
from the world market are relatively indif-
ferent to the price variability in that market.
If world price variability induces countries
to pursue more protectionist policies. export-
ing countries would have an interest in
increased stockholding to encourage im-
porters to rely more on the world market. In
these and other ways, government policies
could theoretically bring about departures
from the pattern of stockholding that would
be expected in a market economy.

By relating this body of theory to observed
behavior of stockholding since 1960, the
actual pattern of stockholding can be ade-
quately understood as policy-induced depar-
tures from the pattern that would be finan-
cially profitable in a unified world market
In the 1960s world carryover stacks were
well above the level that would be financially
profitable because of the coope:itive poli-
cies of the major exporters to support pro-
ducer incomes through stockholding, com-



plemented by substantial Soviet stockhold-
ing in the mid-1960s. Beginning in 1970/71,
the pattern of stockholding shifted as the
major exporters relied more on production
controls and direct payments to support
producer income, as the Soviet Union ex-
panded its livestock sector and relied more
on the world market to offset its production
shortfalls, and as importers scught to hold
stocks due to fears of export controls As a
result, stockholding in the early 1970s was
above profitable levels only when supplies
were short. Although stock levels increased
markedly during the period 1976/77-1978/
79, the factors underlying this increase do
not indicate a return to the pattern of the
1960s. Instead, for the near future it is
preadicted that world carryover stocks will be
slightly above financially profitable levels
in periods of large supply and appreciably
above such levels in periods of short supply,
although there could be substantial devia-
tions from this pattern as the result of poor
information or incorrect expectations about
stockholding policies.

The expected financial losses from stock-
holding above the predicted level might be
justified if such stockholding benefited
developing countries or if it helped prevent
deleterious effects on the evolution of na-
tional policies. However, the work of some
economists suggests that reduced world
price variability would be of substantial
value to only a small subset of developing
countries. For this limited group, fluctuation
in world price rather than fluctuation in
domestic production is a major cause of
variability in their food import costs and this
variability is large relative to their overall
capacity to finance imports. Because access
to supplies would be fairly well assured by
the predicted level of stockholding, it scems
that a mechanism to provide financial assis-

tance would be a more efficient means of
helping developing countries achieve food
security than increased stockholdirg. Fur-
thermore, although it is plausible that a high
degree of price variability in the world
market has a harmful effect on the long-run
development of national policies by encour-
aging increased protectionism, by inducing
greater insulation of national markets, and
by discouraging policies among developing
countries to increase consumption among
their poorest people, there is no strong
empirical evidence for this. Thus it is difficult
to construct a compelling case for an agree-
ment to increase world carryover stocks
above the predicted level.

However, if an international stockhold-
ing agreement is again considered, it should
be designed to bring about only a modest
increase in stockholding above the level
predicted because the benefits are prnbably
limited. It should supplement rati  than
substitute for stockholding that wouid take
place anyway. A buffer stock with a wide
price band and a rather large capacity would
be the most feasible way to accomplish this,
(The buffer stock needs to be large to offset
the inevitable replacement of some stocks
that would have been held anyway.) In
addition, an agreement should include pro-
visions 1o ensure consultations about r.a-
tional policies, require exchange of data,
restrain policies to insulate domestic mar-
kets, and limit the use of production and
export controls.

Considering the difficulties of obtaining
such an agreement and its limited benefits,
international policies to improve food secu-
rity should give priority to helping develop-
ing countries finance needed imports and
manage their national working stocks effi-
ciently.
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THEORY OF STOCKHOLDING IN AN UNRESTRICTED
MARKET AND WITH GOVERNMENT INTERVENTIONS

Stockholding of wheat requires the post-
ponement of consumption and the expendi-
ture of resources for storage facilities. An
investment in stockholding should be based
on the expectation that wheat will be more
valuable in a future period. But in any given
period how much wheat should be held for
future consumption? What constitutes an
economically efficient pattern of stockhold-
ing in a market economy without substantial
government intervention? In answer, a num-
ber of economists have developed optimal
storage rules derived from simple theoretical
models.!

Stockholding in a
Closed Economy

In a closed (nontrading) economy, the
allocation of available supplies between the
current period and the next period is optimal
when the difference between the current
price and the expected price for the next
period is no greater than the cost of holding
a unit of stock for one period (the marginal
storage cost plus the interest cost). This is an
interternporal price equilibrium.2

Assuming that the demand curve, prob-
ability distribution of future harvests, mar-
ginal storage costs, and interest rates can be
estimated, the carryover stock that is ex-
pected to achieve this price equilibrium can
be calculated. For given values of these
parameters, the optimal carryover stock in
any periad is a function of the total supply
(production of the current year plus stocks

carried over from the previous year). This
functional relationship is an optimal stor-
age rule. If the rule is followed, e»pected
marginal benefits from stockholding will
just equal the expected marginal costs.

An optimal storage rule applies only to
carryover stocks, which are those stocks
remnaining at the end of a crop year minus
minimum working stocks—stocks held to
tide consumers over the brief period between
the end of the statistical crop year and the
time when the new crop is actually available
for consumption, as well as stocks held for
protection against risks associated with the
transport and marketing system (such as
transport delays, rather than in anticipation
of price fluctuations. In theory minimum
working stocks are those that would still be
held even if the expected difference between
next period's and this period's price is less
than carrying costs. In this analysis it will be
assumed that the minimum level is constant,
or, if market volume grows, it is a constant
percentage of market volume.

Figure | illustrates an optimal storage
rule. When total supply is approximately
equal to mear production, no carryover
stock will be held; that is, ending stocks will
equal minimum working stocks. At higher
levels of total supply, the optimal carryover
stock increases or decreases at a rather
smooth rate as total supply increases or
decreases. For parameters reasonably asso-
ciated with a grain economy, this curve is
approximately linear and for each ton change
in total supply, the optimal carryover stock
changes by 0.6 t0 0.8 tons.

For the world wheat economy, Bruce

'For a detailed explanation of the use of dynamic programing to derive optimal storage rules for grain, see Robert L.
Gustafson, Carryover Stocks for rains, Technical Bulletin No. 1178 {Washington, D.C.: U.S. Department of
Agriculture, October 1958); Karl Fox, Jati Sengupta, and Erik Thorbecke, The Theory of Quantitative Economic Policy
(Amsterdam: North-Holland, 1973). Yagil Danin, Daniel Suuner, and D. Gale Johnson, “Determination of Optimal
Grain Carryover,” Paper No. 74:12, University of Chicago, Office of Agricultural Economic Research, Chicago, 111,
March 1976; and especially Bruce M. Gardner, Optimual Stockpiling of Grain (Lexington, Mass.: Lexington Books, 1979).

‘on the theory of intertemporal price equilibrium, see Takashi Takayama and George Judge, “An Intertemporal
Price Equilibrium Model,” Journal of Fann Economics 46 (May 1964): and Paul A. Samuelson “Intertemporal Price
Equilibrium: A Prologue to the Theory of Speculation,” in Collected Scientific Papers. ed. Joseph Stiglitz (Cambridge,

Mass.: MIT Press, 1966): pp. 946-984.



Figure 1—Key properties of an
optimal storage rule

0.6-0.8 units

Mean
Production
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%Total Supply {Production Plus
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Carryover Stocks (Ending Stocks in Ex-
cess of Minimum Working Stocks)

Gardner has estimated an optimal storage
rule as if the world were a unified market
economy.3 His results will be used in Chapter
3 as a reference against which to measure
the actual behavior of stockholding in the
world wheat economy.

An optimal storage rule involves the
simultaneous determination of carryover
stocks and price as illustrated in Figure 2. In
this figure the demand for carryover stocks
as a function of total supply is added to the
demand for current consumption, At price
P, the total supply S, is rationed between
the demand for current consumption and
the demand for carryover stocks. In ihis
way, a given probability distribution of
production is uniquely associated through
the optimal storage rule with a certain
degree of price variability. If the storage rule
shifts upward, indicating larger stocks for a
given level of total supply, price variability
is reduced. Under an optimal storage rule,
prices will vary from year to year but will
vary less than if no stocks were held. The

Figure 2—Simultaneous deter-
mination of price and
carryover stocks

Total
Supply

Price

Total demand
{current
consumption
plus carryover
P, stocks)

\Demand

for current
consumption

' Quantity
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resulting degree of price variability maxi-
mizes welfare,

In a market economy private speculators
will collectively follow the optimal storage
rule because this maximizes their expected
financial profits® Of course, if efficient
markets do not exist, stockholding may be
larger or smaller than is profitable. And if
there are nonfinancial benefits from stock-
holding, the socially optimal level may be
higher than that which is financially profit-
able. For wheat, an important reason the
private market outcome may differ from the
socially desired outcome is that extremely
poor people do not have sufficient income
to create an effective demand in the market,
Because high prices lead to severe malnutri-
tion or starvation among poor populations
dependent on wheat, and because income
transfers are often not feasible, society may
wish to achieve greater price stability than
the private market would generate. This may
justify government intervention in stock-
holding.

*For his dynamic programming model, Gardner assumes the following key parameters: constant price elasticity of
demand of -0.13; standard deviation of yields 0f 4.8 percent of trend; storage costs of $7.35 per ton and areal interest
rate of 3 percent. See Gardner, Optimal Stockpiling pp. 94-100.

*For proofs see Gustafson, Carryover Stocks

10



Optimal Stockholding
in a Multicountry Economy

The theory of optimal stockholding in a
nontrading economy is useful if the world is
viewed as a whole. But in a multicountry
setting it is also important to consider which
countries should hold stocks, how one
country’s stockholding affects another's,
and whether or not coordination of stock-
holding decisions is necessary. In this dis-
cussion it is assumed that efficient markets
exist within each country and that unrestricted
trade occurs among countries.

Optimal stockholding in a multicountry
economy is expected to achieve a price
equilibrium not only from year to year but
from country to country.’ Differences be-
tween expected price and current price in
each country will not exceed carrying costs,
and differences between prices in different
countries will not exceed transport costs.
When this equilibrium prevails, the collec-
tive welfare of all—as measured by the sum
of expected consumer and producer surplus
minus carrying costs and transport costs—
will be at a maximum.

Several general observations can be made
about an optimal pattern of stockholding.
First, as a general rule, carryover stocks are
held in countries that have lower carrying
costs, which are prohably exporting coun-
tries because they enjoy lower prices and
hence lower interest costs. Rather than
holding stocks in addition to minimum
working stocks, importing countries rely on
opportunities to trade as the means to
reduce price fluctuation. In the absence of
barriers to trade, those countries that do not
hold carryover stocks will nonetheless ex-
perience the same degree of price variability
as those that do because in each period the
prices among countries will differ only by
transport costs. In the event of a poor
domestic harvest, a country can rely at least

partially on the prospect of imports from (or
reduced exports to) other countries rather
than its own stocks to stabilize domestic
consumption and price. Thus, trade allows
risk pooling, If trade were entirely prohibited
so that each country had to rely on its own
stocks, the total stocks for the world as a
whole would be higher than otherwise.®
Second, if one country fails to realize
expected profitable opportunities for stock-
holding, other countries will take up the
opportunities provided that all stockholders
have full information about the activities of
others. That is, unlike minimum working
stocks, carryover stocks in one country
substitute for carryover stocks held in another.
Third, the efticient distribution of carry-
over stocks among countries is a continu-
ously shifting, complex pattern requiring
detailed information on production, demand,
and relative costs of transport and storage.
Because production fluctuates in each coun-
try from year to year, the distribution of
carryover stocks among countries should
change continuously. For example, if world
total supply decreases because of a poor
harvest in an importing country, the corre-
sponding decrease in world carryover stocks
should come disproportionately from the
exporting country that can meet the addi-
tional import demand at the lowest transpor-
tation cost. Or, if world total supply increases
due to an excellent harvest in an exporting
country, the corresponding increase in world
carryover stocks should occur dispropor-
tionately in that country. If the world total
supply increases due to equally good har-
vests in all countries, the increase in camry-
over stocks should come disproportionately
from those countries that face the lowest
marginal costs for storage in that year.
Therefore, to achieve the greatest benefit,
distribution of carryover stocks must vary
from year to year depending on the distribu-
tion of production fluctuations among coun-
tries, the distribution of carryover stocks in

*See Takashi Takayama and George Judge, Spattal und Temporal Price and Allocation Models (Amsterdam: North-
Holland, 1971). They propose solution algorithims for relatively simple models of optimal temporal and spatial
allocation, but these models do not allow for random fluctuations in future production. For an application of such a
model to the world wheat market, see Chan Liu, "Optimal Temporal and Spatial Pricing and Allocation of Wheat in
the International Market,” (Ph.D. dissertation, University of [llinois, 1975). Gustafson shows that a model to derive
an optimal storage rule for many countries given random production quickly becomes too large and expensive to

solve (Gustafson, Carryover Stochks)

6, . . . . .
Conversely, if poor harvests in one conntry are likely to be offset by good harvests elsewhere, the optimal stock
level for the world as a whole will be less than the sum of optimal levels for isolated country markets. See Danin,

Sumner, and Johnson, Optimal Grain Carryover



the previous year, and the availability of
transport and storage facilities.

Finally, to achieve an optimal level of
stockholding fer the wc.id as a whole and
an efficient distribution of those stocks
among countries, it is necessary that stock-
holders have current information or at least
correct expectations about the stockholding
behavior of others. If stockholding decisions
must be made without information about
the stockholding undertaken by others, it is
likely that the aggregate level of stockholding
will be inefficient.

Distribution of
Gains and Losses

Under the concept of optimal stockhold-
ing in a marl:et economy, the sum of expected
consumer and producer surplus(minus car-
rying costs) will be at a maximum. If for
some reason the level of stock deviates from
this optimal level, producers will gain and
consumers lose or vice versa, depending on
the parameters of the particular market.
Thus, in microeconomic theory the interests
of consumers and producers are divergent
with respect to stockholding to reduce price
variability. Similarly, in theory the interests
of exporting and importing countries as a
whole are divergent, but which countries
actually gain and which lose depends on the
parameters of the market.”

Government Interventions

This theory of optimal stockholding could
be used to predict the pattern of stockholding
that would be pursued by private firms (or
profit-maximizing government agencies) in
an efficient market without substantial gov-
ernment interventions. But virtually all gov-
ernments exercise extensive controls over
their wheat economies, and government
policies can result in substantial departures
from the pattern of stockholding predicted
for a market economy.

Government Stockholding
Policies

Policies to influence the level of stock-
holding vary according to what the govern-
ment wishes to accomplish and the means
used for reaching that end.

Subsidy to Private Stockholding Assuming
a madrket exists in which some private spec-
ulative stockholding is undertaken, a gov-
ernment can seek to increase the level of
stockholding and to reduce price variability
by providing a subsidy to private stock-
holding. By lowering the unit cost of carrying
stock, such a policy would increase the level
of stock that is expected to be financially
profitable and thus shift the stock/supply
relationship (the storage rule) upward.® The
magnitude of the shift would depend on the
size of the subsidy.

Stockholding to Maximize Profits. On the
other hand, if a government agency buys
and sells stocks and attempts to maximize
its financial profits, it behaves like any
private speculator in the market. Thus,
stocks held by the private market would be
reduced by one ton for each ton acquired by
the agency. Because of this one-for-one
displacement of private stocks by govern-
ment stocks, there would be no net increase
in stockholding unless the government
agency were to stock more than is financially
profitable and thus completely take over
stockholding activity.

Using Buffer Stocks to Reduce Price Fluctua-
tions In an attempt to reduce price variability,
a government can operate a stockholding
program according to a price band or buffer
stockrule. Forexample, a government agency
acquires stocks only at a specified low price
and holds these stocks for sale only at a
specified Ligher price. A buffer stock rule is
thus not an optimal storage rule and neces-
sarily involves expected financial losses to
the government,

As shown by Gardner, when a buffer
stock is operated in the presence of private
speculative stockholding and with a price

There is substantial literature on the distribution of benefits from price stabilization. For a rccent summan, see
Stephen Turnovsky, "The Distribution of Welfare Gains from Price Stabilization: A Survey ot Some Theoretical
Issues,” in Stubtlizing World Commodity Markets. ed. Gerald F. Adains and Sonia Klein (Lexington, Mass.: Lexington

Books, 1977).

For estimates of the iinpact of a storage subsidy on the optimal storage rule in the U.S. wheat market, see Emmett B,
Keeler, "A Model for Evaluating Grain Reserve Policies,” a paper prepared for the RAND Corporation, March 1976;

and Gardner, Optimal Stochpiling pp. 147148,

12



banr centered around the average expected
price, the net impact of the buffer stock on
total carryover stocks depends primarily on
the width of the price band. If the difference
between the acquisition and release price is
narrow and the capacity of the buffer stock
is large, the buffer stock would substantially
reduce the opportunity for profitable stock-
holding and would thus largely replace
private speculative stockholding. Because
of this substitution of buffer stocks for
private stocks, the net increase in stockhold-
ing and the reduction in price variability
would be quite small. As the price band
widens, the buffer stock increasingly supple-
ments private stockholding, and price vari-
ability is rednced. However, if the price
band becomes too wide, the probability of
acquiring or releasing any buffer stock falls
and the impact of the buffer stock on price
variability declines.

Using Buffer Stocks to Increase Price. 1f a
government wishes to increase prices paid
to producers, it can operate a buffer stock
with a price band centered above the long-
run average price. Under such a rule the
average quantity of stock acquired would be
large, and expected financial losses would
be substantial. If the width of the price band
is narrowed to cut these lusses by increasing
the frequency of sale, private speculative
stockholding would be virtually eliminated
because the quantity of stock relative to
total supply would be larger than would be
profitable. This method of increasing price
is only effective in the short run because
eventually the stocks will be released and
the price will fall.

In the longer run, a government must
rely on other instruments to increase pro-
ducer incomes, such as measures to restrict
production, directincome payments to farm
ers, and/or export subsidies that allow pro-
ducers to receive the higher price prevailing
in the domestic market while inducing larger
sales to the world market. The rationale for
stockholding as an instrument to support
producer prices and incames must rest on

the limitations (political, administrative, and
budgetary) of these other policy instruments
in the short run.

If the government of a major exporting
country inc: ease s the average world price of
wheat thvough stockholding, its action bene-
fits other exporters, By threatening to shitt
from stockholding to direct payments or
export subsidies to protect its own farmers
without benefiting others, that exporting
country may induce the other exporters to
cooperate in stockholding to raise prices.

Trade Policies

Policies that impose temporary or per-
manent barrieis to trade have important
effects on the quantity, location, and welfare
consequences of stockholding.

If by erecting trade barriers a count
insulates its domestic price from the world
price, private firms within that nationcl
market cannot speculate freely against price
movements in the world market. If domestic
prices are held almost completely stable,
the incentive for private speculative stoc} -
holding within a country is entirely eliini-
nated. Even if a government intervenes or:ly
sporadically so that domestic prices fluc. -
ate less than the world price, private specula-
tion is discouraged, If such insulation of
national markets were pervasive, stockhold-
ing for the world as a whole would he
reduced below profitable levels.

On the other hand, the possibility that
export limitations may be imposed in tiines
of short supply encourages importers to
increase their own stockholding to ensure
that they will be able to stabilize their own
consumption. This could lead to more stock-
holding for the world as a whole than would
otherwise be rational economnically, espe-
cially when cxport controls appear more
likely.

Insulation of domestic market: from
world price fluctuations can also affect
evaluation of the benefits of stockhnlding.?

There is o grow g body of hterature on tas issue: See Richard Justetal, “The Distribution of Welfare Gains from
Internationdl Price Statalization Under Distortions,” Amencan Joumual of Agneudtural Economics 59 (November 1977):
652-661: Timothy Josling, Developed-Country Agneultural Policies and Developing:Country Food Supplies The Case of
Wheat Research Report 14 (Washington, DG International Food Policy Research Institute, 19805 Y. sheiand R L.
Thompson, “The Inpact of Trade Restrictions on Price Stability m the orld Wwheat Market,” American Joumnal of
Agncultural Feonomics 59 (November 1977): 628-638. T.J. Grennes, PR Johnson, and Marie Thursby, "Insulating
Trade Policy Inventories and Grain I’n('v.‘sldlnlllyf‘/1nu'm'unJuunmlu[/lgnrulluml[-‘mnonm:s(xO(llu-l)m.ny 1978}). 132-
134 and A.C. Zwart and K . Meitke, " The Influence of Domestic Pricing VPolicies and Bubfer Stocks un Price Stability
in the World Wheat Industiy,” Amencan Journal of Agncultural Economics 61 (August 1979); 434--447.
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Insulated countries with adequate foreign
exchange resources may be relativery indif-
ferent to world price fluctuations hecause
these fluctuations are not felt by producers
and consumers but are absorbed by the
government through flucomations in its for-
eigii exchange and other accounts. On the
other hand, the burden of adjusting consump-
tion to variability in world supply is thereby
increased among those countries that do
not or cannot insulate themselves.

As more and more countries attempt to
protect their domestic markets, the world
wheat market becomes more inelastic. Very
large price increases can occur in response
to even modest decreases in total supply
because no country wants to ahsorb any of
that decrease and will expend foreign ex-
change to avoid it until the foreign exchange
transfers required become prohibitive. Of
course, for a country to depend on its
financial capacity to protect itself, it must
have access to exports. If exporting countries
employ nonprice rationing to protect tleir
own consumers, even countries with ade-
quate financial resources may not be gble to
buy sufficient supplies. For this readpn all
importing countries, even thse thi}t are
insulated, theoreticaliy benefit from Vock-
holding that limits the probability of {xport
controls.

If high world prices spark fears of export
controls, unporters may buy for the purpose
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of holding stocks against even tighter future
markets, driving prices higher and increasing
the likelihood that exporting countries will
in fact apply export controls 10 protect their
own consumers. Importers clearly losz from
this self-aggravating, panic-market situation
as prices are driven well above the levels
necessary to ration the limited sunply. Ex-
porters rea)s windfall gains. But these gains
in the short run will be eroded in the long
run if' a breakdown in a reliable vsorld trade
system brings about policies in importing
countries to further increase self-sufficiency,
thus lessening the long-run demand for
exporters’ wheat. Therefore, it may be argued
that exporters and importers both have an
interest in avoiding a panic markei. Taking
into account the value of carryover stocks in
reducing price variability that could lead ;o
a breakdown in the open world trading
system, an arguraent exists for holding more
stocks than would be {inancially profitable.

Several other points snould be considered
in connection with government policies.
First, if the stockholding policies of a major
country suddenly and unexpectedly change,
both private firms and other governments
may grossly miscalculate the level of stocks
they desire to hold. Second, if governments
fail to collect or niake public data—especially
on production and stocks—it can lead to
inefficient stockholding decisions for the
world as a whole,



3

STOCKHOLDING BEHAVIOR IN THE

WORLD WHEAT ECONOMY

This chapter examines the observed
patterns of stockhoiding in the world wheat
economy since 1960. It shows that depar-
tures from the pattern of financially profit-
able siuckholding for a hypothetical unified
world market as estimated by Gardner can
be adequately explained by government
policies. Basic data on world ending stocks,
production, and total supply are presented
inTable 1, on world prices in Table 2, and on
ending stocks by major countries cr regions
in Table 3.10

To compare the actual stockholding
pattern to that estimated by Gardner, it is
necessary, first, to calculate world ending
stocks and total supply in each year as a
percentage of trend-level production be-
cause this is the trend-free way in which the
optimal storage rule is expressed and, second,
to estimate the minimum working stock
level for the world as a who!e hecause the
optimal storage rule applies only to carryover
stocks. The necessary calculations are pre-
sented in the Appendix. To make them
easier to compare with the current world
wheat economy, results are presented not as
percentages of trend production in that year
but in 1978/79 trend equivalents.

The observed relationship hetween e~
ing stocks and total supply, together w.n

the financially profitable relationship for a
unified world market as estima:ed by Gardner,
are presented in Figure 3.!! The stocks/sup-
ply relationship for the decade of the 1960s,
with the exception of 1965/66, is noticeably
different from that for the first half of the
1970s. Fitting linear regression lines to
these periods separately, the following re-
sults are obtained:

for 1960/61-1969/70,

WOET = —263.9 + 0.703 WOST,
(69.2) (0.128)

R? = 0.791, (3.1
and for 1970/71-1975/76,

WOET == ~96.8 + 0.350 WOST,
(56.7) (0.112)

RZ = 0.709, (3.2)

where WOET stands for world ending stocks
{trend adjusted) in million metric tons, and
WOST stands for world total supply (trend
adjusted) in million metric tons, and standard
errors are shown in parentheses,!?

“the quality of ine data o, ending stocks, especially for earlier years of the series, is probably rather poor. The U.S.
Department of Agriculture data does not include all stocks for the Soviet Union or China but only year-to-year
changes in Soviet stocks relative to an arbitrary base; anda these world ending stock figures do not represent actual
world stock levels at a single point in time but are the summation of stock levels at the end of individual country crop
years. These features of the data, however, do notinvalidate the interpretations presented. Even if the base level ata
point in time is not adequately estimated, the marginal rate of increase in ending stocks is approximately correct
assuming that the year-to-year changes in Chinese stocks dare not significant, given the relative isolation of China
from the rest of .he world wheat market for most of this period. Furthermore, these ending stock figures can be
compared to minimum working stock estimates based on the same time series because both exclude the actual base
leve! of Soviet and Chinese stocks and exclude the difference between a single point in the calendar year and the
sum of ending stocks for different crop years. The latter is a relatively stable proportion of annual utilization.

""Because Gardner's estimate is hased on the hypothetical concept of a unified world market, his approximation of
financially profitable levels of stockholding in the actual world wheat economy is highly theoretical. This
interpretation of Gardner's estimated stock/supply relationship is plausible, however, because observed departures
from Gardner's estimated relationship move in the directions one would expect the policies of major countries to
induce. The relationship estimated by Gardner would shift somewhat if different assumptions al,out the parameters
of the world market or the level of minimum working stocks were used. But the qualitative relationship between the
three lines shown in Figure 3 would not change for most alternative assumptions.

1 R ' . . -
Other combinations of years or other functional forms do not provide better statistical results than those shown
here. There is a statistically significant difference in the relationship between these two periods.
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Table 1 —World production, ending stocks, and total supply of wheat from 1960/61

to 1978/79
Ending Stocks as
Share of
Year World Production World Ending Stocks World Total Supply* Total Supply
{million metric tons) (percent)
1960/61 2394 77.4 313.6 24.7
1961/62 226.4 65.5 303.7 28.9
1962/63 255.3 70.0 320.8 24.0
1963/64 237.4 63.8 307.4 20.8
1964/65 274.5 74.6 338.2 219
1965/66 264.1 56.4 338.7 16.7
1966/67 309.0 83.3 354.4 23.5
1967/68 297.0 89.5 380.3 235
1968/69 328.3 113.5 417.8 27.2
1969/70 309.7 96.5 423.2 22.8
1970/71 315.5 73.1 412.0 17.7
1971/72 348.8 80.2 421.9 19.0
1972/73 343.2 62.2 423.4 14.7
1973/74 3725 70.2 434.8 16.1
1974/75 357.2 63.6 427.4 14.9
1975/76 350.1 63.0 4138 15.2
1976/77 415.1 98.5 478.1 20.6
1977/78 381.3 823 479.8 17.2
1978/79 447.8 105.9 530.1 20.0
Source:  U.S. Department of Agricuiture, Foreign Agricultural Service, “Foreign Production, Supply, and
Distribution of Agricultural Commodities Tape,” Washington, D.C., 1979, updated for 1978/79.
Note: Ending stocks data are based on an aggregate of different marketing years and do not represent world

stocks levels at a fixed point in time. Stocks for the Soviet Union represent year-to-year changes relative
to an arbitrary base, and stocks for the People’s Republic of China and some Eastern European countries

are not included.

* Total supply = production + bheginning stocks (i.e.. ending stocks from the previous year).

Thus, the estimated stocks/supply rela-
tionship for the 1960s lies entirely above
that estimated by Gardner, whereas the
relationship for the early 1970s lies above
Gardner's only during periods of relatively
low supply. The three observations for the
1976/77-1978/79 period do not fall clearly
into either the pattern for the 1960s or that
of the early 1970s.

The calculated levels of carryover stocks
for seven major countries/regions are pre-
sented in Table 4, and these carryover
stocks as a percentage of world carryover
stocks are shown in Table 5. These seven
countries account for about 75 percent of
world ending stocks and about 65 percent of
world production. It is therefore reasonable
to consider the "Rest of the World” as a
single region.

Stockholding in the 1960s

Stock levels in the 1960s apparently
excecded the levels that would have been
rinancially profitable because the three ma-
jor exporters—the United States, Canada,
and Australia—used stockholding to sup-
port prices and producer incomes. At the
beginning of the decade, the United States
was by far the largest stockholder (see
Tables 3 and 4). As shown in Table 6, most of
these stocks were held by the U.S. govern-
ment as a result of its price support program.
Except for the 1964/65 to 1967/68 crop
years, the domestic market price was at or
below the support price (the loan rate), and
the government acquired stocks to hold
prices at this level.'3 As expected, the use of

“Under the nonrecourse loan program, U.S. producers place their wheat in storage as collateral for a government
loan; at the end of the crop year, the producer may either repay the loan and market the wheat or forleit the stocks to
the Commodity Credit Corporation (CCC) of the government. In this way the loan rate per bushel serves as the
approximate procurement price for the government. Prior to 1978 stocks acquired by the CCC were sold
commercially whenever the market price reached about 115 percent of the loan rate or whenever stocks were going

out of condition.
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Table 2— Price of wheat in the world market nominal and real annual averages for
marketing years 1960/61 to 1978/79

Year Nominal* Real® * These represent a simple average of the following
export prices in U.S. dollars for each year. No. Z
i Canadian Western Red Spring (CWRS), 13.5 percent
($/metric ton) protein, f.0.b. St. Lawrence angf.o.b. Vancouve;:; No. 2
1960/61 61.0 1734 Hard Red Winter (ordinary), f.0.b. Gulf; No. 2 Soft Red
1961/62 64.0 181.9 winter, f.o.b. Gulf; No. 2 Dark Nornhern Spring, 14
1962/63 643 184.8 percent protein, f.o.h. Lakes; No. 2, Western White,
1963/64 66.1 188.0 f.0.b. Pacific; Australian Standard White, f.0.b. Eastern
1964/65 63.4 178.3 Ports. Sources are the International Wheat Council,
1965/66 62.3 169.4 World Wheat Statistics, various issues, and US Depart-
1966/67 67.3 181.1 ment of Agriculture, Wheat Situation, various issues.
1967/68 624 166.3 (For a few years, prices for Soft Red Winter and Dark
1968/69 63.3 179.9 Northern Spring are estimated, based on quotations for
1969/70 57.8 162.6 different qualities or location.)
1970/71 63.3 160.1 » . .
1971/72 61.7 143.2 In 1978 constant U.S. dollars, adjusted by the index of
1972/73 91.8 193.7 U.S. dollar unit value of manufactured exports from
1973/74 191.0 333.3 developed to developing countries (c.i.f. index), which
1974/75 179.0 250.2 is the deflator used in International Bank for Recon-
1975/76 160.6 194.4 struction and Development, Commodity Trade and Price
1976/17 1219 146.1 Trends (Washington, D.C.: IBRD, 1978). The value for
1977/78 118.6 129.9 1978 is based on the Impon Unit Value Index from the
1978/79 145.0 145.0 international Monetary Fund, International Financial
Statistics (Washington, D.C.: IMF, May 1979).
Table 3—Ending stocks for selected major countries, 1960/61 to 1978/79
Total of European
United Four Major Economic Soviet World
Year States Canada Australia Argentina Exporters® Community® India Union Total
{million metric tons)
1960/61 38.41 16.56 0.99 0.76 56.72 7.48 2.90 3.00 77.36
1961/62 35.98 10.64 0.81 0.24 47.67 7.31 2.80 0.00 65.51
1962/63 32.53 13.26 0.96 0.50 47.25 9.20 3.60 1.00 69.98
1963/64 24.53 12.50 0.88 221 40.13 7.20 2.60 4.00 63.76
1964/65 24.98 13.96 0.99 3.34 43.28 6.53 1.90 14.00 74.60
1965/66 17.96 11.43 0.77 0.18 30.34 7.90 3.20 5.00 56.44
1966/67 13.96 15.56 2.52 0.24 32.28 6.43 2.30 32.00 83.28
1967/68 17.15 18.30 1.74 1.01 38.19 6.53 2.30 31.00 89.50
1968/69 24.63 23.18 7.59 0.85 56.25 8.61 3.90 33.00 113.51
1969/70 26.78 27.45 7.54 0.78 62.56 511 4.00 14.00 96.47
1970/71 22.37 19.98 3.66 0.68 46.69 5.49 5.00 6.00 73.13
1971/72 26.81 15.89 1.58 0.37 44.65 7.00 7.00 9,00 80.17
1972/73 16.25 9.94 0.56 0.27 27.03 5.82 5.00 11.00 62.23
1973/74 9.25 10.09 1.98 1.03 22.35 7.29 2.80 24.00 70.25
1974/75 11.84 8.04 1.79 0.71 2238 9.73 2.50 13.00 63.65
1975/76 18.10 8.22 2.78 074 29 24 7.53 6.50 2.00 63.04
1976/77 30.26 13.31 2.10 1.40 46.89 7.05 12.00 10.00 98.46
1977/78 32.01 12.10 0.80 0.50 45.40 6.10 10.00 1.00 82.30
1978/79 25.20 15.00 4.50 1.10 45.80 8.80 7.50 19.00 105.90
Source:  U.S. Department of Agriculture, Foreign Agricultural Service, ‘Foreign Production, Supply and
Distribution of Agricultural Commodities Tape,” Washington, D.C., 1979.
Note: Ending stocks data are based on an aggregate of different marketing years and do not represent world

stocks levels at 4 fixed point in time. Stocks for the Soviet Union represent year-to-year changes relative
to an arbitrary base, and stocks for the People’s Republic of China and some Eastern European countries
are not included.

d : . .
Includes the United States, Canada, Australia, and Argentina.

The European Economic Community is regarded as a single country.
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Figure 3—Observed stocks/supply relationship since 1960 compared to
the financially profitable relationskip for a unified world

market
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81979 is based on preliminary estimates.

anarrow price bar.d centered above the avei-
age price caused government stocks to
displace private stocks. Private stocks in-
creased to more than 5-8 million tons!4 only
when government stocks began to fall in
1964/65.!> Even in those years when the
market price was above the support price
and the majority of stocks were privately
held, government programs assured a price

floor and thus stimulated private stockholding,

At the beginning of the decade, Canada
was the other major stockholder. Between
1960/61 and 1965/66 the United States and
Canada together accounted for an average
of 79 percent of world carryover stocks
(excluding the Soviet Union). From 1956 to
1965 the United States and Canada apparently
cooperated in holding larger-than-profitable

™ - ‘
Tons” denotes metric tons for the purposes of this report.

"Foran analysis of the relationship between government and private stocks in the United States during this period,
see Anne Peck “Implications of Private Storage of Grains for Buffer Stock Schemes 1o Stabilize Prices” in Food

Research Institute Studies 26 (1978); 125-140.
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Table 4—Carryover stocks for major countries and the world, 1960/61 to 1978/79

European World Exclud-
Four Major Economic Soviet Rest of ing Soviet
Year United States Canada Australia Argentina Exporters* Community® India Union World® World Union
(million metric tons)

1960,61 32.38 10.23 0.57 0.40 43.58 340 1.66 3.00 0.51 52.15 49.15
1961.62 29.75 4.21 0.37 —0.12 34.22 3.13 1.50 0.00 0.7z 39.56 39.56
1962,63 26.10 6.72 0.51 0.14 33.47 4.92 2.23 1.00 1.65 43.27 4227
1963.64 17.69 5.85 042 1.84 26.01 2.81 1.16 4.00 2.28 36.26 32.26
196465 18.13 7.20 0.52 2.9¢ 28.81 2.04 0.39 14.00 1.04 46.28 32.28
1965.66 10.88 4.55 V.29 —0.21 15.53 3.32 1.62 5.00 1.83 27.29 22.29
1966:67 6.66 8.56 2.02 —0.14 17.10 1.73 0.64 32.00 1.78 53.25 21.25
196768 9.50 11.19 1.23 0.62 22.64 1.72 0.56 31.00 2.66 58.57 27.57
1968:69 16.84 15.94 7.07 0.46 40.31 3.68 207 33.00 2.60 81.66 48.66
1969.70 18.74 20.10 7.01 0.38 46.22 0.06 2.08 14.00 1.30 63.66 49.66
1970.71 14.07 12.49 312 0.27 29.95 0.33 2.98 6.00 0.07 39.34 33.34
197172 18.24 8.27 1.02 —0.04 27.50 1.72 1.88 9.00 2.26 45.36 36.36
197273 7.40 2.20 —0.01 —0.14 9.45 0.4] 2.78 11.00 272 26.35 15.35
197374 0.12 2.21 1.39 0.61 4.33 1.75 0.46 24.00 2.74 33.28 9.28
1974.75 2.41 0.03 1.18 0.29 3.91 4.06 0.C5 13.00 4.53 25.55 12.55
1975:76 8.36 0.08 2.15 0.32 10.91 1.73 3.93 2.00 5.21 23.78 21.78
197677 20.21 5.02 1.46 097 27.48 111 9.39 10.00 10.11 58.00 48.00
197778 21.63 3.68 0.14 0.07 25.50 0.02 7.16 1.00 6.90 40.59 39.59
1978:79 14.49 6 1 3.82 0.66 25.41 2.57 4.52 19.00 11.40 62.90 43.90
Source: Derived from data 1n Tables 3 and 15.

* The United States. Canada. Austialia. and Argenting are included in this column.
b . .
The European Economic Community is regarded as a single countny.
¢ This column includes the world minus the United States. Canada. Australia. Argentina, the Soviet Union. the European Economic Community, and India.



Table 5—Carryover stocks for major countries as a percentage of world carryover
stocks, 1960/61 to 1978/79

Four Major Five Major
Year Exposters’ Exporters® India Rest of World® Soviet Union
Including Soviet Union
1960/61 83.6 90.1 32 1.0 5.7
1961/62 86.5 94.4 38 1.8 0.0
1962/63 713 88.7 5.2 3.8 23
1963/64 71.7 79.5 3.2 6.3 11.0
1964/65 62.2 66.6 08 22 30.4
1965/66 56.9 69.0 5.9 6.7 18.4
1966,67 321 35.4 1.2 3.4 60.0
1967/68 386 11.6 0.9 4.5 53.0
1968/69 49.4 53.9 25 3.2 424
1969/70 72,6 72.7 33 20 222
1970/71 76.2 77.0 7.6 0.2 15.2
1971772 60.6 64.4 10.8 5.0 19.8
197273 358 374 10.5 103 41.8
1973/74 13.0 183 14 8.2 72.1
1974/75 153 312 02 17.7 50.9
1975/76 459 531 16.5 279 25
1976/77 474 493 16.0 17.4 17.3
1977/78 62.8 62.9 17.6 17.0 2.5
1978/79 40.4 5 7.2 18.1 30.2
Excluding Soviet Union

196061 88.7 95.0 34 1.0

1961/62 86.5 94.4 38 1.8

1962/63 79.2 90.8 5.3 39

1963.64 80.6 89.3 36 7.0

1964:65 89 2 4956 1.2 3.2

1965.66 69.7 845 7.2 8.2

1966:67 80.5 a8 6 3.0 8.4

196768 82.1 883 20 9.6

1968 69 8428 90 4 42 5.3

1969,70 93 ¢ 932 42 26

1970/71 899 90 8 8.9 0.2

1971/72 756 804 134 6.2

1972/73 615 64 2 18.1 17.7

1973,74 46.7 65.5 5.0 29.5

197475 311 635 0.4 36.1

1975/76 50 1 58.0 18.0 239

197677 37.2 59 6 19.4 211

197778 044 645 18.1 17.4

1978.79 579 63.7 103 26.0

Source.  Denved from data in Table 3
* These include the United States, Canadda, Austrabia, and Argenting

These include the United States, Canada. Australig, Argenting, and the European Econom,c Community {which is
regarded as o single country)

* This column ineludes the world minus the United States, Canadd, Austrahia, Argenting, the European Economic
Community, the Soviet Umon, and India
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Table 6— U.S. wheat stocks, 1958/59 to 1977/78

Ending Stocks®

Crop Year  Support Price’ Market Price” Private Government Total
($/bushels) {$/bushels) (million bushels)
1958/59 1.82 1.73 284 1,084 1,368
1959/60 1.81 1.76 186 1.198 1,384
1960/61 1.78 1.74 278 1,225 1,503
1961/62 1.79 1.83 346 1,074 1,420
1962/63 2.00 204 168 1,102 1,270
1963/64 1.82 1.85 194 800 994
1964/65 1.30 1.37 286 635 921
1965/66 1.25 1.35 361 299 660
1966/67 1.25 1.63 391 122 513
1967/68 1.25 1.39 530 100 630
1968/69 1.25 .24 764 140 904
1969/7¢C 1.25 1.24 705 2N 982
1970/71 1.25 1.33 470 353 823
1971/72 1.25 1.34 628 355 983
1972/73 1.25 1.76 591 6 597
1973/74 1.25 3.95 339 1 340
1974/75 1.37 4.09 435 0 435
1975/76 1.37 3.56 665 0 665
1976/77 2.25 273 1,112 0 1.112
1977/78 2.25 2.33 1.131 46 1,177

Sources: .Uf:ﬁr“[):'7;7)7.1r171'n’un’l—(7)f> :\&]E\Ilzll;:_t;hvar Suuation, various issues. Also see Bruce Gardner, Optimal
Stockpihing of Gram (Lexington, Mass.. Lexington Books, 1979).

* This is the loan rate

b
This is the average price recenved by farmers

“ These are the ending stocks tor the year ending June 1

stocks in order to set the world price and to
stabilize their market shares.!®

Over the course of the decade, two
related rends were apparent First, the United
States shifted increasingly from stockholding
to other instruments to support producer
incomes. Following the Agricultural Act of
1964, the U.S. loan rate was sharply reduced
in an effort to decrease government stock-
holding. To support farm incomes, the acre-
age control program (which had been used
throughout the 1950s) was strengthened
and a system of direct payments to producers
(which included domestic and export certifi-
cate payments and acrcage diversion pay-
ments) was initiated.!” As a result of these
policy changes, the export price in the world

Toee Alex B McCalla, “A Duopoly Model of World Whe

market decreased almost 20 percent between
June 1964 and June 1965. Alex McCalla
notes that this “price war’ marked a signifi-
cant change in the cooperative relationshig
between the United States and Canada.!
The new U.S. policies, together with a surge
in world import demand due largely to
production shortfalls in the Soviet Union in
1965 and South Asia in 1965 and 1966,
caused world ending stocks to fall to their
lowest level of the decade in 1965/66. Inthat
year the observed stocks/supply relationship
fell sharply below the line of equation (3.1),
as shown in Figure 3.

Second, in a directly related develop-
ment, stockholding by Canada and Australia
increased relative to U.S. stockholding and

at Pricing.” Journal of Farm Econormics 48 (August 1966): 711-

727 McCalla argues that the Canadian Wheat Board was the price leader. and the United States, which could control
s commercial export price through its export substdy program, was the price follower

1? . f '
For an account of U S wheat policies, see Willard W

(Minneapolis University of Minnesota Press, 1976), amn

fowa lowa State University, 1970}
"scCalla, “A Duopoly Model.”

cochrane and Mary E. Ryan, Amencan Farm Policy. 19481973
1 Don F. Hadwiger, Federal Wi.ear Commodtty Programs (Ames,
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in absolute terms during the remainder of
the decade. From a low point of 4.6 million
tons in 1965/66, Canadian camryover stocks
grew continuously to 20.1 million tons at
the end of 1969/70. At that point Canada's
carryover stocks were larger than those of
the United States and equalled more than
twice its annual export volume. Australia,
which had held virtually no carryover stocks
previously, began to hold stacks in 1966/67.
In the last two years of the decade, Australia
accounted for almost 20 percent of the
carryover stocks held by the three major
exporters, It has been argued that this was
the direct result of a policy shift in which
Australia sought to cooperate with the United
States and Canada in a triopoly. !9, Especially
after the price war of 1968/69 brought about
the collapse of the International Grains
Amangement of 1967, Australia accepted
willingly a share of responsibility for holding
back stocks to support the world price.

It is especially interesting to note that
after 1965/66 when the U.S. policy shift
caused a temporary breakdown in coopera-
tion among the major exporters, the Soviet
Union substantially increased its stocks.
Thus, except for 1965/66, when the Soviets
had a major production shortfall, the close
reiationship between ending stocks and total
supply for the world as a whole was
maintained. From 1966/67 through 1968/69
the Soviet Union was an important net
exporter and therefore may have had an
interest in supporting the world price, but
when the three major exporters resumed
holding large stocks, Soviet stocks were
significantly reduced.

Thus, stockholding behavior in the 1960s
appears to have followed the theoretical
propositions outlined in Chapter 2. A strong
relationship between world ending stocks
and total supply was maintained, but stock-
holding was larger than the financially
profitable level because exporters used stock-
holding to increase the average price. In the
latter half of the decade, when the largest
exporter threatened to rely increasingly on
other policy instruments to support its farm
prices, the other major exporters were com-
pelled to cooperate in stockholding. To a
great extent stockholding that one country

did not undertake was assumed by others so
that the stable stocks/supply relationship
was preserved, except in the year immediately
following a significant policy shift by a
major country. As a result of this stockhold-
ing pattern, world price was quite stable,
with minor fluctuations immediately follow-
ing the major policy shift of 1965/66 (see
Table 2).

Stockholding in the
Early 1970s

By 1970/71 the relationship between
world ending stocks and total supply had
clearly shifted downward. The increased
price variability from 1970/71 to 1975/76
was not merely the result of extraordinary
harvest fluctuations. Instead, new policies
brought about a shift in the usual stocks/
supply relationship. As shown in Figure 3,
stockholding during this period appeared {0
be larger than profitable when supply was
small but smaller than profitable when
supply was large. A substantial share of
carryover stocks was held by importers.
There were three primary reasons for this
new partern of stockholding.

First, the major exporters increasingly
relied on production controls to limit the
accumulation of stocks. Ending stocks and
total supply reached their highest levels of
the decade in 1968/69, and world wheat
pricesreached their lowest real level. Just as
the high cost of operating a buffer stock to
increase the average price had apparently
become intolerable to the United States in
1964, it became intolerable to the major
exporters collectively. In response, the ex-
porters moved to cut hack production. In
1969/70 the United States, having removed
its direct acreage lirnitation programs in
1967/68 and 1968/69, initiated an even
larger program of acreage diversion (see
Table 7). At the same time, through its
unprecedented Operation LIFT (Lower In-
ventories for Tomorrow} program, Canada
cut its wheat acreage by half.20 As shown in
Table 8, Australia and Argentina also reduced

Pehiris M. Alaouze, A S Watson, and N H Sturgess,”Oligopoly Pricing in the World Wheat Market,” Amencan

Joumnal of Agncultural Fconomics 60 {May 1978). 173-185.

®For a brief description of Operatton LIFT, see International Wheat Council, Review of the World Wheat Situation

(London: International Wheat Council, 1970/71)
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Table 7—Area diverted and harvested
and diversion payments made
under U.S. wheat production
control programs, 1960/61 to

Table 8—Wheat area harvested by
Canada, Australia, and Argen-
tina, 1960/61 to 1977/78

1976/77
Area Diverted

Crop on Farms Diversion Area
Year Participating  Payments Harvested

{million {million

hectares}  ($ million) hectares)
1960/61 0.0 0.0 209
1961/62 0.0 0.0 21.0
1962/63 43 285.5* 20.9
1963/64 29 163.4 17.7
1964/65 2.1 327 18.4
1965/66 29 36.9 20.2
1966/67 33 26.1 20.1
1967/68 0.0 0.0 20.1
1968/69 0.0 0.0 236
1969/70 4.5 71.6 22.2
1970/71 6.4 62.5 19.1
1971/72 5.5" 0.0 17.6
1972/73 8.1 132.0 19.3
1973/74 3.0 103.0 19.1
1974/75 0.0 Ce 21.8
1975/76 0.0 - 26.5
1976/77 0.0 L 28.2
Source:  National Association of Wheat Growers,

Wheat Facts 1978 (Washington, D.C.: Nation-
al Association of Wheat Growers, 1978).

* During these years there were no marketing certificate
payments in addition to diversion payments.

b .
This is the required set-aside.

acreage substantially between 1968/69 and
1970/71. In total, wheat area harvested
among the four major exporters was reduced
from 52.2 million hectares in 1968/69 to
34.3 million hectares in 1970/71. For the
world as a whole, area harvested fell from
224 million hectares in 1968/69 to 207
million hectares in 1970/71.

The exporters, as part of the effort to
reduce stocks, did not increase prices as
supply decreased. The real price of wheat in
1970/71 and 1971/72 was lower than would
have been expected for the level of ending
stocks based on the stocks/price relationship
prevailing in the 1960s (see Figure 4).2! As

Crop Year  Canada Australia Argentina
(million hectares)

1960/61 9.93 5.44 3.62
1961/62 10.24 5.96 4.42
1962/63 10.65 6.66 3.74
1963/64 11.16 6.67 5.68
1964/65 12.01 7.25 6.14
1965/66 11.45 7.09 4.60
1966/67 12.01 8.43 5.21
1967/68 12.19 9.08 5.81
1968/69 11.91 10.85 5.84
1969/70 10.10 9.49 5.19
1970/71 5.05 6.48 3.70
1971/72 7.85 7.14 4.31
1972/73 8.64 7.60 4.96
1973/74 9.57 8.95 3.96
1974/75 8.93 8.31 4.23
1975/76 9.48 8.60 5.30
1976/77 11.25 9.00 6.40
1977/78 10.11 10.00 3.90
Source:  U.S. Department of Agriculture, Foreign

Agricultural Service, “Foreign Production,
Supply, and Distribution of Agricultural
Commedities Tape,” Washington, D.C., 1979.

the exporters apparently intended, world
consumption grew rapidly from 287 million
tons in 1967/68 to 342 million tons in
1971/72, and world ending stocks were
reduced.??

Second, in 1972/73 the Soviet Union
made an unanticipated decision to import
rather than to reduce consumption or stocks
following a major domestic production short-
fall. In that year Soviet wheat production
was down 12.8 million tons from the previous
year (see Table 8). In 1963/64 and 1965/66
the Soviets had relied on a combination of
imports, consumption cutbacks, and stock
depletion to compensate for shortfalls. But
in 1972/73 they chose to import 15.6 million
tons (and cut exports by 4.5 million tons),
which allowed them to maintain consump-
tion levels and even add slightly to stocks.

The Soviet decision was based on a
desire to maintain the program of livestock

U"The downward shift in the ohserved stocks/supply relationship is confirmed by the comesponding shift in the

observed stocks, price relationship.

250e Dalc E. Hathaway, “Food Prices and Inflation,” Brookings Papers on Economic Activity. No. 1 (Washington, D.C.:
Brookings Institution, 1974) p. 95; and World Food Council, World Food Security for the 1980s: Repont by the Executive
Director(WFC/1979/5), April 1979: 12. They have also observed that the shift in world stockholding behavior that led
to the high and unstable prices of the 1972-75 period actually began in 1969/70.
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Figure 4—Observed relationship between real world wheat prices and
ending stocks as a percentage of trend production
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production started in the mid-1960s.23 Be-
tween 1966/67 and 1972/73 Soviet use of
wheat for feed increased from 16.2 million
tons to 41.3 million tons, whereas total
consumption increased from 72.2 to 98.3
million tons. This expanded use for feed
reduced Soviet ending stocks from an esti-
mated 33 million tons in 1968/69 to 6
million tons in 1970/71.

Together, the efforts of exporters to

reduce their stocks and the Soviet decision
to maintain consumption growth cut world
carryover stocks from 81.7 million tons in
1968/69 to 26.3 million tons in 1972/73
(Table 4). By 1972/73 world stockholding
had fallen below the estimated profitable
level. Prices began to rise and increased
sharply in 1973/74 when virtually all com-
modity prices skyrocketed,24

Third, from i973/74 to 1975/76 the

Dkor a detailed account of the Soviet grain economy, see D. Gale Johnson, “The Soviet Livestock Sector; Problems
and Prospects,” Paper No. 74:1, University of Chicago, Office of Agricultural Economic Research, Chicago, 111,
March 1974; and D. Gale Johnson, The Soviet Impacton World Grain Trade (London: British-North America Comnittee,

May 1977).

Msee Richard N. Cooper and Robert Z. Lawrence, The 1972-75 Commodity Boom, Paper No, 235, Yale University,

Economic Growth Center, New Haven, Conn., 1976.
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desire to protect national economies in the
face of an unreliable world market apparently
led to aggregate stockholding above the
financially profitable level for an open
world market. When wheat export prices
reached their peak in 1973/74, only the
Soviet Union had substantial carryover stocks
(72 percent of the world total). Presumably
the Soviet Union did not export these stocks
and profit from the high prices because it
was unwilling to be dependent on the world
market in the next year. In 1974/75 the
importers and the European Economic Com-
munity actually added to carryover stocks
so that 85 percent of the world carryover
stocks were held by the Soviet Union,
European Economic Community, and the
Rest of the World. Such behavior—acquiring
stocks in a year of record prices—was
almost certainly motivated by fear that

opportunities for trade would collapse.?> In
fact, Canada, Australia, the European Eco-
nomic Community, and Argentina actually
pursued policies that directly or indirectly
protected their domestic consumers and
limited their exports, resulting in several
million tons of carryover stocks.26 Thus, the
fears of importers were not entirely irrational.

In 1975/76 the Soviet Union suffered its
worst production shortfall of the period
observed (Table9), and it again turned to the
world market for compensating imports.
But, unlike 1972/73 when the United States
was eager to reduce its stock levels, the U.S.
government intervened. A moratorium was
declared in July 1975 on further sales to the
Soviets and was lifted only after the U.S./
U.S.S.R bilateral agreement to stabilize the
volume of grain trade was concluded in
October.2’ Thus, Soviet imports were held

Table 9—Wheat economy of the Soviet Union, 1960/61 to 1978/79

Total
Area Beginning Feed Grain  Domestic
Year Harvested Stocks Production Imports Exports Use Utilization
(million
hectares) {million metric tons)

1960/61 60.40 2.00 64.30 0.58 5.02 9.68 58.86
1961/62 55.00 3.00 66.48 0.24 5.34 13.00 64.39
1962/63 67.40 0.00 70.78 0.24 5.74 8.20 64.28
1963/64 64.60 1.00 49.69 9.75 2.66 2.67 53.78
1964/65 67.90 4.00 74.40 2.22 2.20 9.20 64.42
1965/66 70.20 14.00 59.69 8.55 2.63 20.42 74.60
1966/67 70.00 5.00 100.50 3.08 4.39 16.23 72.20
1967/78 67.00 2.00 77.42 1.51 5.29 20.31 74.63
1968/69 67.23 32.00 93.34 0.22 5.83 27.10 85.78
1969/70 65.40 33.00 79.92 1.15 6.44 33.50 93.62
1970/71 65.20 14.00 99.73 0.48 7.20 38.64 101.02
1971/72 64.03 6.00 98.76 3.52 5.83 36.38 93.46
1972/73 58.50 9.00 85.99 15.59 1.30 41.34 98.28
1973/74 63.15 11.00 109.78 4.51 5.00 30.50 96.29
1974/75 59.70 24.00 8391 2.50 4.00 33.68 93.41
1975/76 52.00 13.00 66.22 10.10 0.50 29.79 86.82
1976/77 59.96 2.00 96.88 4.60 1.00 27.98 92.48
1977/78 62.00 10.00 92.16 6.86 1.00 41.71 107.02
1978/79 62.80 1.00 120.80 5.14 1.50 46.53 106.47
Source;  U.S. Department of Agriculture, Foreign Agricultural Service, “Foreign Production, Supply, and

Distributiun of Agricultural Commodities Tape,” Washington, D.C., 1979, upda.ed for 1978/79.

“This point is made by Alexander Sarris and Lance Taylor in “Cereal Stocks, Food Aid, and Food Security for the
Poor,” World Development 4 {December 1976): 967-976.

®Canada and Australia maintained their domestic price to millers at v.ell below the export prices offered by the
Boards; the European Economic Community imposed an export tax; and Argentina briefly embargoed exports. See
Grennes, Johnson, and Thursby, “Insulating Trade Policies.”

The agreement specified that during each of the next five years the Soviet Union would import at least 6 million
tons of wheat and coarse grains from the United States and would consult with the U.S. government if it wished to
iraport more than 8 million tons.
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substantially below the level of 1972/73,
and, despite the record low for world total
supply, U.S. camryover stocks for 1975/76
increased to 8.4 million tons. In that year
the United States, India, and the Rest of the
World. held 74 percent of world carryover
stocks.

In summary, the low stock levels of
1972/73 and the policies that brought them
about caused a panic market and the emer-
gence of a fundamentally new stockholding
behavior. Stockholding from 1973/74 to
1975/76 was above the profitable level not
as the result of efforts to support producer
prices as in the 1960s but because countries,
especially importers, sought to secure their
own supplies for the next year and to reduce
their dependence on an unreliable world
market. This is especially clear in the behav-
ior of India and the Rest of the World. As
shown in Table 10, the average carryover
stocks for these regions increased sharply
after 1971/72, especially after 1974/75. Table
11 shows that ending stocks as ¢ percentage
of trend utilization also increased for most
regions in the Rest of the World. However,
because of the inadequacy of data for many
countries, the increase in stockholding by
the regions of North Africa/Middle East,
other South Asian countries, and Southeast
Asia is probably overstated. For some coun-
tries in these regions, the U.S. Department
of Agriculture (USDA) did not report any
ending stocks in the 1960s, where:s reported
stocks were fairly large in the 1970s. There-
fore, the tables may reflect an increase in
availability of stock data as well as an actual
increase in stockholding,

Because of this new behavior, world
stock levels never fell to estimated mini-
mum working stock levels during this period.
In each year from 1972/73 to 1975/76, one
or more countries held ending stocks sub-
stantially above their lowest historical level
(as a percentage of trend market volume).
Thus, the world as a whole had a cushion of
stocks that could have been used if countries
had been willing to place confidence in the
world market. Instead, lowest observed end-
ing stocks for the world (about 17 percent of
trend production) were substantially greater
than the sum of lowest observed ending
stocks for individual countries (10 percent).

It should be noted that the period 1970/71
to 1975/76 does not provide direct evidence
that stockholding would have been smaller
than profitable if supplies were large. World
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Table 10— Average carryover stocks be-
fore and after 1971/72 for
selected countries/regions

Before 1971/72* After 1971/72

Region Share® Absolute Share® /bsolute
{million {million
metric metric

{percent)  tons) (percent) tons)
Four major
exporters’  83.8 30.71 52.9 15.47
Five major
exporters?  91.] 33.18 62.4 16.92
India 4.3 1.53 12.9 4.10
Rest of
world 4.7 1.49 247 6.36
Source:  Derived from U.S. Department of Agricullurc_,
Foreign Agricultural Service, “Foreign Pro-
duction, Supply, and Distribution of Agricul-
tural Commodities Tape,” Washington, D.C.,
1979.

‘Note: “Before” includes the years 1960/61 to

1970/71}; "after’ the years 1972/73 to 1978/
79. The absolute value represents an average
of these years.

“1971/72 is excluded because it wds atransitional year.
b . L
The Soviet Union is excluded,

€ This includes the United States, Canada, Australia,
and Argentina.

d . .
This row includes the above and the European
Economic Community,

Table 11—Ending stocks as a percen-
tage of trend utilization for
selected countries/regions

Average Before Average After

Region 1971/72 1971/72

{percent) (percent)
Other western Europe* 28.2 36.5
Japan 208 23.4
Eastern Europe 5.8 3.2
North Africa/

Middle East 8.4 19.7
Other South Asia® 7.9 10.6
Southeast Asia 3.1 7.2
Brazil 14.6 6.8
Mexico 11.0 7.9
India 17.7 22.7
Source:  Derived from U.S. Departm~... uf Agriculture,

Foreign Agricultural Service, “Voreign Pro-
duction, Supply, and Distribution of Agricul-
tural Commodities Tape,” Washington, D.C.,
1979,
Note: “Before” includes the yedars 1960/61 to
1970/71; " after” the years 1972/73 to 1978/
79.

* The European Economic Community is excluded,
by
India is excluded.



stockholding fell below the profitable level
as estimated by Gardner only in 1972/73,
but in that year the outcome was affected by
the unanticipated shift in import policy by
the Soviet Union. However, it seems likely
that without government stockholding to
support prices in periods of large supply,
stock levels would have fallen because
private stockholders could not have expected
to make a profit due to insulation of national
markets. Table 12 illustrates the extent to
which the major countries insulated their
domestic prices from world prices in these
years. Although it appears tha" the United
Kingdom, Canada, and the United States
allowed their domestic wholesale prices to
rise by the same order of magnitude as the
world export price, there was in each case
actual or potential government intervention
in the domestic price movement that dis-
couraged private stockholding. The increase
for the United Kingdom reflects entry into
the European Economic Connnunity, not a
market price movement; the increase for
Canada masks the extensive control of the
Canadian Wheat Board over export quanti-
ties and domestic milling prices; and the
increase for the United States does not

indicate the considerable uncertainty among
private firms about whether the %overnment
would impose expor controls.?

Thus stockholding behavior in the early
1970s appears to confirm several theoretical
propositions suggested in Chapter 2. In the
absence of exporter stockholding to increase
average prices, world carryover stocks would
fall helow profitable levels if supplies were
larg.: because insulation of national markets
would discourage private stockholding. But
carryover stocks would exceed profitable
levels if supplies were short because fear of
export controls would induce importers to
hold more stocks.

Stockholding from 1976/77
to 1978/79

The world wheat harvests in 1976/77
and 1978/79 were exceptionally large (Table
1), and world ending stocks increased signifi-
cantly. For these three years the world
stocks/supply relationship appears closer to
the relationship estimated for the 1960s

Table 12—Domestic wholesale prices for wheat in selected countries, 1970/71 to

1973/74
Amount Change
Country 1970/71 1971/72 1972/73 1973/74 {1970/71 -1973/74)
(U.S.$/metric ton} {perceny)

World export price® 63.3 617 91 8 191.0 302

u.s. 69.8 61.0 819 167.9 241
Canada 63.1 61.5 97.6 201.9 320
Australia 65.4 65.4 705 84.1 129
European Economic

Community (6) 105.2 105.8 1211 145.6 138

UK 64.2 58.1 86.3 143.5 224
Japan 97.6 102.0 1.6 140.3 144

India 125.0 124.0 128.0 107.0 86
rMexico 120.0 105.0 129.0 164.0 137
Turkey 94.0 75.0 89.0 109.0 116
Pakistan 109.0 108.0 66.0 63.0 58

Sources:  Fooud and Agriculture Organization of the United Nations, Agricultural Protection and Stabilization Policies : A
Framework of Measurement in the Context of Agricultural Adjustment (C 75, UM/2), October 1975; and Food and
Agrieulture Organization ol the United Nations, Production Yearbook (Rome: FAO, various issues).

* This 1s defined i Table 2

1n Octaber 1974 after placing in temporary abeyance cendain contracts fur exports of large quantities, the United
States instituted a system of export reporting that required prior approval of export sales by USDA, The system of
prior approval was ended 1n March 1975, In July 1975 USDA imposed a moratorium on grain sales to the Soviet
Unien. For more detail see International Wheat Council, Review of the World Wheat Situation. various issues.
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than that estimated for the early 1970s, but
there were essential differences. Three fac-
tors explain the increased stockholding dur-
ing this period.

First, there was a substantial increase in
private stockholding in the United States
stimulated by limits on export controls??
and by the new U.S. Farmer-Owned Reserve
(FOR) program which began in April 1977.
Betv:een 1975/76 and 1976/77 U.S. ending
stocks increased from 18.1 to 30.3 million
tons (Table 3), and nonr of this quantity was
owned by the government. At the end of
1977/78 only about 1.3 million tons out of
32.0 million tons was owned by the govern-
ment. The FOR program provided a subsidy
to private stockholding for a limited quantity
within a limited price range. In brief, for up
to 11.2 million tons of wheat (and larger
quantities of feedgrains), the FOR program
paid siorage costs provided that the market
price was below approximately $148/ton
(based on the average f.0.h. prices) and paid
interest costs provided that the market price
was below approximately $180/tor.3" More
than half of U.S. carryover stocks during
1977/78-1978,79 benefited from this subsidy.

The U.S. government indicated that a
principal rationale behind this program was
to ensure that the United States would be
regarded as a reliable supplier to importing
countries. The "Statement of the President
on Inflation” of April 15, 1977 said, “This
reserve will also help promaote export sales
of agricultural commodities by showing that
we can meet supply commitments even
when we have poor crop yields.” This indi-
cdtes an emphasis by U.S. policymakers on
market development and a belief that world
price variability reduces the long-term growth

of world import demand by inducing import-
ers to increase efforts toward self-sufficiency.

Second, some importers continued to
hold substantial carryover stocks acquired
during the 1972/73-1975/76 period despite
the increase in exporter stocks. As shown in
Table 5, the average share of the world's
carryover stocks held by India and the Rest
of the World from 1976/77 to 1978/79 was
an unprecedented 35 percent. Such costly
stockholding was apparently motivated by
continuing fears that access to supplies in
the world market was unreliable.’

And third, during 1978/79 harvests were
so large that both Australia and Canada
lacked the transport and port facilities to
export as much wheat as they would have
liked.32 Ending stocks were certainly larger
than they would otherwise have chosen,
especially in Australia.

Considering these factors, the pattern
for the 1976/77-1978/7S period does not
indicate a return to the stocks/supply rela-
tionship of the 1960s. Instead, it appears
that the increase in stockholding reflected
special circumstances, not a propensity to
hold carryover stocks well above profitable
levels during periods of large supply. Part of
the stockholding by Canada and Australia
was entirely unwanted. If importers beginto
feel restored confidence in the world market,
they will probab.y draw down their stocks.
And finally, although programs such as the
FOR do lead to stockholding above the
profitable level, this program proviled a
subsidy for only a fraction of the world's
ending stocks (about 10 percent in 1978/79)
and thus could not bring about a significant
upward shift in the world's stock/supply
relationship,33

Jr— . —_—
The Export Administration Act of 1975 defined stnct conditions under which the Seeretary of Agriculture could

impose timits on the export of agneultural commodities The Food and Agneulture Act of 1977 also required that if

any limts were imposed loan rates must be mereased 10 80 pereent of parity, more than twice current levels.

Ysee Us Departtment of Agriculture, Commodity Program Provisions Under the Food and Agnculture Act of 1977, AERNo.
389 (Washington, D.C . USDA, October 1977) tor details of the FOR program

M ndia's stock brildip was brought about by imports that India may have committed itsel{ to in 1975, not domestic
production in excess of consumption although dormestie price supports contributed to the situation. In any case,
India chose not 1o export these stocks. See 1S Sarma, “India— A Drive Towards Self-sufticiency in Food Grains,”
Amencan Joumal of Agneultural Economics 60 (December 1978): 859-864.

3, . . .
See International Wheat Council, Wheat Market Report vanous 1ssues

P1 ditficult to estimate how large LS ending stocks would have hen without the FOR program. but it appears
that the net merease brought about by the FOR was only ¢ fraction of the quantity placed under the program. While
the quantity under FOR increased from almost Ze1o to ahout 10 illian tons from the end of 1976/77 o the end of
197778, total ending stocks increased from 30.26 million tons to 32.01 million tons. Total supply in excess of
exports increased from 50.65 10 5717 million tons, and average price fell from $100.3 per ton to $85.6 per ton,
indicating that an merease - prvate speculative stockholding. would have taken place anyway. The U.S.

{continued)
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Pattern of Stockholding
for the Near Future

Based on the evolution of policies, tive
factors suggest that the world's stock/supply
relationship in the near future will be as
follows: if supplies are large, stocks will be
at or just slightly above the profitable level
because private stockholding in the United
States wiil be stimulated by government
programs suci as FOR; if supplies are small,
stocks will be above the financially profitable
level as importers seck to protect themselves
by accumulating stocks. However, in indi-
vidual years policy shifts or incorrect expec-
tations about the behavior of major countries
could lead to substantial deviations from
this predicted pattern.

First, speculative stockholding in export-
ing countries, especially in the private U.S.
market, will probably take advantage of
most of the opportunities for profitable
stockholding. For the United States this
prediction is based on the recognition that:
the futures market and information systems
in the United States are well developed and
will bring about a convergence of expecta-
tions about near-term price movements,
instruments for risk sharing will allow spec-
ulators to take large stock positions; the U.S.
government loan program provides a market
floor price and thereby reduces the risk of
stockholding: and the United States will
likely continue its present policies favoring
an open market.>* However, if supplics are
short, the fear that the government might
impose export controls could suppress pri-
vate stockholding below the proficable level

Second, to the extent that importers fear
administrative limitations on exports in years
of tight supply. they will probably continue

(footnote 33 continued)

to undertake stockholding that they would
not otherwise consider economical. How-
ever, importers will be motivated to under-
take such stockholding primarily in periods
of reduced world supply, thereby raising
total stocks above profitable levels in such
periods. As world total supply increases, the
importing countries’ incentive to stock will
decrease.

Third, the major exporters will no longer
need torely on stockholding to supportfarm
incomes because the real price of wheat will
probably not decline and because in any
caseitis current U.S. policy to use production
controls as necessa.y to prevent unwanted
stock accumulation.

Throughout the 1950s and 1960s the
real price of wheat declined gradually {as
shown for the 1960s in Table 2). But recent
projections indicate that for the next decade
or so real wheat prices will probably increase
somewhat. Based on a detailed model of the
world's grain-oilseed-livestock economy, a
USDA report predicts that real wheat prices
in 1985 will be 9-32 percent above the
average for 1969/70 t0 1971/72.3% The World
Bank commodity price projections indicate
that in 1985 the real wheat price will be
about 12 percent above the average of those
three years and will remain at that level
through 1990. Similarly, a recent Jowa State
University study concludes that real wheat
prices will be 8.7 percent higher in 1985
than in 1969770 to 1971/72 and 35 percent
higher by the year 2000.36

A primary factor in this projected increase
is the continuing rapid growth in demand in
the developing countries and, to a lesser
extent, the centrally planned economies.
Studies by the World Bank, the Food and
Agriculture Organization of the United Na-
tions (FAOQ), the International Food Policy

government dlso stunulated prs ate stockholding through other programs durng this period. Firs, the nonrecourse
loan program ensued a prce tloor i the market, which redu ed the downside risk of speculators. Second, the U.S.
povernment provided over 3500 nuihon e loans at below-market mterest rates for the construction of on-farm
storage tacthties

M johnson calculates that the protitable level of stockholding in the United States for all grains attheend 01 1977/78
was 67 million tons compared to an actiual ending stock level of 74 million tons. e attributes this private
stockholdimg in excess of the profitable level to the reduction in nsk caused by the government price support
program D Gale Tohnson, “Estiunatimg Appropriate Levels of Gram Reserves for the United States: A Research
Report,” Paper No 77 26, University of Clucago, Othiee of Agnicultunal Economie Research, Chicago, 111, November
1977

Yus Department of Agrcubture, Economics amd Stabistics Cooperative Service, Altemative Futures for World Food in
1985 vol U Werld GOL Model Analytical Report. Foreign Agreulture Economic Report No. 146 {washington, D.C..
LISDA, 1978)

*hoe Mitcheil and Farl Heady, US Export Famm Fmployment uand income Sunulated Under Altemative Lxport Demands.
CARD Report Na 81 (Ames, lowa Towa State University, no date).
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Research Institute, and USDA all indicate
that because of rapid population and in-
come growth grain import demand by devel-
oping countries is likely to at least double by
1985 compared to the early 1970s.37

If these price projections should prove
accurate, the problem of maintairi=g pro-
ducer income in the major exportir - ~un-
tries will be much less difficult than it was
during the 1950s and 1960s. The question of
using policy interventions to raise average
price levels may not arise,

There is, of course, considerable uncer-
tainty about any price projections. But even
if real wheat prices should fall below politi-
cally acceptable levels, the United States—
and perhaps other major exporters—will
almost certainly choose production controts,
direct incomc payments, and perhaps export
subsidies to support producer income rather
than unwanted stock accumulation. T..e
United States’ shift away from the high
support prices and large stockholding, which
began in the 1960s, continued in the 1970s.
Under the Agriculture and Consumer Protec-
tion Act of 1973, the United States added a
policy instrument for direct deficiency pay-
ments to supplement producer income when
the market price was below a target price.
The cumrent Food and Agriculture Act of
1977 maintains authority for produciion
controls (both “set asides” and direct diver-
sion payments) and deficiency payments,38
The nonrecourse loan program is no longer
the primary means used to protect producer
income. The 1977 legislation (Title 1V, Section
401) states that the loan rate should be
lowered as necessary to ensure that U.S.
wheat remains competitively priced in ex-
port markets. This avoids the situation in
which the domestic market price rests at the
loan rate, the government acquires stocks,
and exports receive a direct subsidy. In
implementing the 1577 legislation, the United
States imposed production controls on the
1978/79 and 1979/80 wheat crops To be

eligible for deficiency payments, producers
had to set aside 20 acres to soil-conserving
uses for each 100 acres planted in wheat.
USDA explicitly stated that its objective was
to limit U.S. ending stocks of wheat to 7.5
percent of world utilization.3% In contrast,
U.S. ending stocks in 196G/61 reached 16.2
percent of world utilization and from 1960/61
to 1964/65 averaged 12.8 percent. For 1977/
78 and 1978/79 world ending stocks were
21.4 percent and 25.7 percent of world utili-
zation (see Table 1). In contrast, ending
stocks averaged 29.0 percent during the
1960s and reached 36.9 percent in 1968/69.
Thus, it seems c. 2ar that the United States
hopes to avoid the larde stock accumulation
of the 1960s and, unless the real price trend
is unexpectedly adverse, has the policy
instruments to achieve this.

The desire among exporters to avoid
extensive stockholding to support prices is
also demonstrated by the price/stocks rela-
tionship from 1976/77 to 1978/79. As shown
in Figure 4, real prices in those years were as
low or lower than it .970/71 and 1971/72
when exporters were attempting to reduce
their stock levels. They were considerably
lower than in the 1960s when stockholding
was used to support prices. These price
patterns are another indication that stock-
holding behavior from 1976/77 to 1978/79
does not reflect a return to the pattern of the
1960s.

Because exporters have switched to other
means of supporting producer prices and
incomnes, they will no longer hold larger
stocks than would be profitable in a market
economy unless they can identify other
benefits from such additional stockholding.

If extreme world price variability stimu-
lates increased efforts toward self-sufficiency
among importers, exporters would gain in
the long run from reduced variability, and
this could justify increased stockholding by
exporters. But such gains would be a collec-
tive good:#” all exporters would benefit

YEor summaries and comparisons of these studies, see International Bank for Reconstruction and Development,
Developing Country Foodgruin Projections to 1985, World Bank Staff Working Paper No. 247 {(Washington, [0.C.: IBRD,
November 1976); and U.S. Departinent of Agriculture, World GOL Model

Py.s. Congress, Conference Repor: on Food and Agnculture Act of 1977, Repot No. 65-418, 95th Cong., 1st sess., 1977,

YSee ULS, Government, Federal Register. December 1, 1978, p. 56252 1t should be noted that the U.S, government
chose a level of production conteol that would lead 1o the desired level of ending stocks assuming trend vields.
However, the actual ending stocks would likely be above or below the desired level depending on actual yields, as
well as on actual participation by producers in the government pPrograms.

“on the theory of the provisic i of collective goods, see Mancur Ulson, The Logic of Collective Action (Cambridge,

Mass.: Harvard University Press, 1965).
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regardless of how much they contributed.
Thus, no exporting country would undertake
individually as much stock!.olding as would
be worthwhile collectively.d!

A fourth factor affecting future stock-
holding stems from this consideration. The
United States is likely to continue its FOR
program to subsidize private stockholding.
This program is expressly motivated by
recognition of the potential gains {rom
being a reliable supplier, but it is rather
limited in size and will probably not bring
about a significant increase in world stock-
holding.

Fifth and finally, the earlier point about
the importance of correct information must
be considered in projecting for the future.
Lack of information or incorrect expecta-
tions about the policies of major market
participants could lead to inefficient deci-
sionmaking by others. For instance, if there
is inadequate information about potential
Soviet imports— either because data on the
Soviet grain economy and its stock levels is

not available or because the Soviet Unjon or
the United States (under the bilateral agree-
ment) make unpredictable administrative
decisions—there could be substantial de-
partures from the relatively stable stockhold-
ing pattern that otherwise should prevail.

The observed stock level for 1979/80 is
consistent with the prediction that future
stockholding will be above financially profit-
able levels but lower than the level of the
1960s. Based on May 1980 estimates, world
production in 1979/80 fell to 419.6 million
tons, world total supply to 525.5 million
tons, and world ending stocks to 86.8 million
tons. In 1978/79 trend equivalents, the
observed ending stocks and total supply for
1978/79 were 81.2 and 508.4 million tons,
respectively. On Figure 3 this new point lies
slightly above the estimated relationship for
the early 1970s but well below that for the
1960s. This supports the argument that the
high stock levels for the years 1976/77
through 1978/79 do not indicate a return to
the pattern of the 1960s.

*"This explains the seemingly contradictory statements by the US. government. On the one hand, Secretary of
Agriculture Bob Bergland promotes the FOR program as a means for the United States to be a reliable supplier and
stimulate import demand; on the other hand, he protests that the United States will not become the “world's granary”
and that other countries muast also undertake stockholding,
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4

IMPLICATIONS FOR A NEW

INTERNATIONAL AGREEMENT

The pattern of stockholding predicted
for the near future has both positive and
negative features. On the positive side, there
will probably be significant stockholding
even without a new international agreement.
Indeed, the pattern predicted indicates that
the average level of stockholding will be
higher than in the early 1970s, and thus
there will be less price variability and less
risk of high import prices to developing
countries. Moreover, the pattern will be
efficient in the sense that a substantial
portion of world carryover stocks will re-
spond to world supply and price levels. That
is, given adequate information, carryover
stocks held by exporters for commercial
purposes will adjust efficiently to changing
world market conditions. Finally, the holding
of some carryover stocks by importing coun-
tries, especially during periods of short
supply, will reduce the concentration of
stocks in North America where transport
constraints or administrative controls over
exports may occur.

On the negative side, however, these
carryover stocks held hy importers ‘may
incur higher canrying costs than stocks held
by exporters. More importantly, unanticipated
policy shifts and incorrect information about
stockholding behavior of major countries
could continue to cause substantial depar-
tures from an efficient stockholding pattern.

On balance, the positive aspects seem to
outweigh the negative ones, Reducing the
risks of concentration of stocks in only a
few countries probably justifies higher carry-
ing costs incurred by importers. And, even if
major governiments fail to cooperate, partici-
pants in the world market can probably
obtain reasonably good information about
the wheat economies in those countries. Of
course, increased efforts to exchange data

and information about policies would im-
prove the efficiency of stockholding deci-
sions for the world as a whole,

Possible Benefits from
Increased Stockholding

Despite this relatively encouraging as-
sessment, the question remains whether
there would be net benefits from a new
policy to increase stockholding of wheat to
reduce world price variability—that is, to
bring about an upwaid shift in the stocks/
supply relationship. If the predicted pattern
is correct, in most years the world would
achieve at least a level of stockholding that
is financially profitable to the stockholders
themselves. Additional stockholding would
incur financial losses. Would these be justi-
fied by resulting social benefits?

Social benefits from increased stockhold-
ing could arise from two sources. First,
increased stockholding might provide bene-
fits to developing countries as a whole and
especially to the poorest people within those
countries. If so, the financial cost of
increased stockholding could be borne by
the developed countries as a means of inter-
national aid. Second, increased stockholding
and reduced price variability may have bene-
ficial effects on the long-run development
of the world wheat economy. For example,
they might encourage a more efficient trade
regime. Although external to the calculations
of private stockholders or even individual
countries, these collective benefits could
justify the financial cost of additional stock-
holding. However, it is extremely difficult to
assess the magnitude and distribution of
these possible gains3?

Mt may also be argued that, as another benefit, price stability tends to encourage production by reducing producers'
risks. However, it is assumed here that most countries pursue national policies to insulate farmer income from world
price variability. Therefore, it is most relevant to consider the effect of world price variability on national policies

rather than on farmers directly.
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Benefits to Developing Countries Table 13— Ratio of food imports to total
export revenue for selected

An increase in world carryover stocks countries, 1965-76

could conceivably benefit developing coun-

tries by decreasing fluctuations in actual Country Mean Maximum
domestic food consumption and/or by de-
creasing the variability of food import (percent}
costs.#3This would decrease the frequency Asia .
with which poorer groups face acute malnu- ﬂ;‘(;‘i%l.,“""s" gg-: “"3";
trition and reduce the risk that food imports Indonesia 95 199
could be made only by cutting back on the Korea Republic of i35 21.4
import of capital goods. Philippines 4.9 9.1
Alberto Valdés and Panos ¥onandreas Sri Lanka 27.2 49.2
have studied the contribution of 1tuctuations North Africa/Middle East
in world wheat price to the variahility of Algeria’ 6.0 9.3
food import costs for developing countries LB o0 i
from 1965 to 1976 and also the extent to Libya® 1.4 23
which fluctuations in food import costs Moroceo 7.0 134
strained their foreign exchange resources. syra’ 5.1 18.4
They show that there was considerable SubSaharan Africa
diversity among developing countries. For (\l'_‘;‘{""(, 37 5-‘;
many countries fluctuations in their own st'f‘]‘('k;:lb 1;:3 158
production, not fluctuations in the world Tanzama’ 55 222
price, were the major source of variability of Upper Volta® 7.4 13.0
food import costs. For such countries the Zaire! 31 6.9
cost of imports would vary greatly regardless Latin America
of the stability of the world price. In these Brazil 39 8.5
cases adequate financial capacity to vary t»!:;::;nbm ;g '3'3
import expenditures—rather than stability Guatemala 24 33
of world price——is necessary to stabilize Menico 04 9.3
domestic prices and consumption. They Peru 6.6 10.5
a'so S.hOW that the effect of fluctuations in Source -.»\ﬁ);;;ld \Zﬂ(l({s and ‘l’:ﬂ\(‘);ﬁ‘Kundn(hoas. "As'j
foud import costs on the overall balance of sessing Food Security in beveloping Coun-
payments varies greatly among countries tries,” in Food Secunty n Developing Countmes,

ed. Alberto Valdes (Boulder, Col.: Westview

(see Table 13). For some countries, such as ,
Press, forthcoming).

Libya, Nigeria, Colombia, and Guatemala,

L ST
even the maximum observed foodgrain The time period of analysis is 1973-76.

import costs were less than 5 percent of total ¥ Ihe time period of analysis is 196575,
export revenue, For others, such as Bangla- ¢ The tme period of analysis is 1966-76.
desh, India, and Sri Lanka, the maximum * The time period of analysis is 1967-76.

cost exceeded 40 percent of revenues. In
summary, their work indicates that reduced
world wheat price variability would have

" The time period of analysis 15 1968-75.

“Assummg the average price of imports is not changed, the dverage import costs to developing countries would not
be changed by mereased stockholding. The change in the expected value of social surplus in developing countries
cannot be established confidently but is likely to be small. The extensive theotretical literature as sumimarized by
Tumovshy indicates that the distnbution of gains and losses depends on actual market parameters {Turnovsky,
“Distribution of Welfare Gains'). Sarris’ model is the most comprehensive effort to estimate these parameters, but
his results are based largely onthe assumption that demand functions have constant elasticity. (Alexander H. Sarris,
“The Economics of International Grain Reserves” [Ph D, dissertation, Massachusetts Institute of Te chnology, 1976}).
He also notes that for countries that partly or completely insulate domestic prices from world market fluctuations,
changes in world price vaniatihty atfect the import bill or export revenues but not consumer or producer surplus.
Gardner also suggests that changes in expected social surplus from increased price variability arr small in absolute
terms (Gardner, Oprimal Stockpthing pp 85-88)

Halberto Valdbs and Panos Konandreds, “Assessing Food Insecurity i Developing Countries™ in Food Secunty for
Developing Countnes. ed. Alberto vald&s (Boulder., Col Westview Press, torthcoming),
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substantially reduced risks for only a subset
of developing importing countries for which
world price variability rather than domestic
production variability is a major source of
fluctuation of food import costs and the
fluctuation of food import costs is large
relative to the capacity to finance imports.
This has been—and will probably continue
to be—arather limited number of countries.
Among the 24 countries for which Valdés
and Konandreas report results, there were
only 3 (Sri Lanka, Egypt and Senegal) for
which price fluctuations accounted for more
than 25 percent of food import cost variabil-
ity and the maximum ratio of food impornt
costs to total export revenue exceeded 15
percent. This suggests that specific measures
to improve the financial Capacity of develoy -
ing countries to import would be a more
viable means to enhance food security than
a policy to reduce world wheat price variabil-
ity because such assistance could he targeted
to those countries that require it any given
year,

This financial capacity would be useful
only if developing countries have access 1o
supplies in the world market. Neicher inter-
national guarantees against export controls,
which are very weak, nor quantitative com-
mitments for food aid under the Food Aid
Convention, which amount to only a fraction
of developing country imports, are adequate
to assure such access. However, if the
prediction about future stockholding is true,
there is a high probability that access to
commercial markets will remain open. Thus
strengthening the capacity of developing
couatries to finance imports couid indee.]
help redistribute world supplies to the most
needy countries 45

Thus an inteinational agreement designed
to increase world camryover stocks above
predicted levels and reduce world wheat
price variability would be of positive but
limited value to developing countries as a
whole. To improve food security, interna-
tional aid priorities should probably be
directed to providing financial assistance to
those developing countries that need help
to finance imports in particular years.

T
Availabilitv of supplies to the most needy countnies

An improved capacity to hold intrasea-
sonal and working stocks may also be
important to food security for many develop-
ing countries. Unlike world carryover stocks,
these stocks would not be accumulated and
released in response to world price fluctua-
tions. They are held partly to compensate
for inadequacies in national transport and
information systems, and their efficient
level is independent of the level of world
carryover stocks.

Beneficia! Effects on Evolution
of National Policies

A high degree of price variability in the
world market probably has a deleterious
effect on the evolution of national policies.
Three plausible examples follow. First, world
price variability could have ¢ ‘ratchet effect”
on cffective rates of protection. High prices
may induce increased levels of protection
among both importing and exporting coun-
tries, whereas low prices mav not induce
comresponding decreases. Thus in time world
price variability could lead to more trade
barriers and increased departures from trade
based on comparative advantage. Second,
world price variability may drive countries
to insulate their domestic prices more fully
from world price fluctuations, stabilizing
domestic prices but destabilizing traded
quantities. Because such insulation only
increases world price variability, *his is a
self-aggravating process in which the world
market and those few national markets that
are not insulated must bear an increasing
burden of adjustment to supply fluctuations.
The world market thus becomes less reliable.
Third, world price variability and the atten-
dant insecurity of import supplies may
compel developing countries to avoid poli-
cies to improve the consumption levels of
the poor for fear that these levels could not
be sustained in a year when world supplies
dre short,

Unfortunately, the last three decades do
not provide much opportuniry for empirical

also would he tmproved by a greater withngness among

developed countries to share the burden of reduced consumption dunng world shortages Because the demand for
wheat for human consumption 1s so inelastc in de cloped countnies, the largest potentral for cuthacks lies in the
use of wheat for livestock feed, especially n the United States, the European Economic Community, and the Soviet
Union. The extent to which the insulation of dey cloped countries from the world wheat market unposes a burden on

developing countries ts analyzed by Tim Josling in Deve,
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tests of the impact of world price variability
on national policies. Prices were unstable
only during the first part of the 1970s, and
for many countries there were important
intervening circumstances at that time. There-
fore, empirical evidence is likely to be
inconclusive. For example, to test the hypo-
thesis that world price variability has a
ratchet effect on rates of protection as
reflected in part by national support prices,
the relationship between changes in the
national support prices for 30 countries and
changes in the world wheat price from 1963
to 1977 was examined.® If a ratchet effect
existed, there would have been a sharp
increase in support prices inresponse to the
increases in the world wheat price 'n 1973/74
and 1974/75 that were not me* ied by a
decrease in response to the decline in the
world wheat price in 1975/76 and 1976/77.
Although such a pattern was clearly observed
in nominal suppornt prices, the pattern of
real prices varied considerably among coun-
tries. In most cases the rapid inflation of the
mid-1970s craded the value of the incredsed
nominal support prices. It is plausible that
there would have been a more noticeable
ratchet effect if the surge in inflation, which
was due only partly to grain prices, had not
been as pronounced, but as it was the
statistical evidence is weak.

Nevertheless, the potential welfare con-
sequences of such effects on the evolution
of national policies and hence on world
market structure could be important. For
example, if world price variability has a
ratchet effect on the support prices among
importing countries or in other ways induces
those countries to increase their efforts to
reduce long-run import requirements, the
growth of the export market would bhe re-
tarded. In this way world price variability
could significantly reduce long-run export
revenues for the producers in the exporting
countries. It can be readily shown that even
a modest decline in the rate of growth of
import demand would cause losses o export-
ing countries far in excess of the direct
losses from reduced world price variabulity
as estimated by some researchers.?? Thus, if

world price variability tends to discourage
growth of import demand, exporting coun-
tries would benefit from a policy to reduce
price variability through increased interna-
tional stockhoiding.

In view of the complexity of the issue
and the lack of statistical evidence, however,
it is unlikely that a consensus on the
magnitude or distribution of benefits to the
world wheat economy can be achieved.

Implications for an Agreement

On balance there would probably be net
social benefits from an international agree-
ment designed to bring about increased
stockholding of wheat and reduced world
price variability, but unless empirical evi-
dence is developed to define the extent of
the gains, it is not likely that such an
agreement can be attained.

However, if negotiation of a stockholding
agreement is again attempted, its objective
should be a modest, rather than substantial,
upward shift in the stocks/supply relation-
ship. Anincrease in stockholding above the
level that would otherwise prevail should be
modest because the net social henefits are
uncertain and probably limited. For the
following reasons, the appropriate means
for accomplishing this should be a buffer
stock with a wide price band and a relatively
large total capacity.

Although the objective should be to
bring about an upward shift in the stocks/
supply relationship for the world as a whole,
it would not be feasible to do so by placing
all stockholding under the international
agreement. As discussed in Chapter 2, the
marginal adjustments required to maintain
an efficient level of total stocks and an
efficient distribution of that total among
countries in response to the distribution of
production fluctuations and storage capaci-
ties are far too complex and competitive to
be managed by a single international agency
under aset of rules. Instead the international

“Lor detals, see Dantel Monow, " The Foonoimes of International Stockholding of Wheat” (Ph D dissentation,

Harvard Universsiy Talio)

Ysarns estimated that 4 32 pereentreductionm pnee vanabihiy would reduce annual av erage earnings of the major
exporung countnies by $418 nulthon Under conservative assumptions, a one-time increase of 1 percent i the
Werage domestic support prce among unporting countries would cause annual average losses of over $200 million
(Sams, “Graim Resenves’) Also see Morrow, “International Stockholding
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agreement must be conceived as a marginal
element of cooperation—intended to cap-
ture collective henefits—superimposed on
the independent and often competitive stock-
holding undertaken for private or national
benefit. That other stockholding will encom-
pass comumercial stocks, including private
speculative stockholding, held primarily in
exporting countries on a profit-seecking basis.
It may also include stocks held in importing
countries such as India that are managed
primarily in response to fluctuations in
national production, not world price. These
independent stockholding decisions should
be relied on to make the necessary niarginal
adjustments hecause the international agree-
ment itself would necessarily be too crude
an instrument to oversee all of them. But a
buffer stock intended to place only 4 portion
of carryover stocks under the management
of price band rules would be a feasible
mechdanism for an international agreement,

To ensure that the butfer stock brings
about a net increase in world stockholding,
the range between the accumulation and
release prices must be rather wide, and the
mavimum buffer stock obligation must be
sufficienthy large to compensate for the fact
that not all of the stock held under the
agreement would actually be additional to
what would otherwise be held 3 These two
criteriareflect the general principle that the
rales for the internanonal agreement must
be different from the rules for managing
stocks that countries are hikely 10 pursue
independently. It they are not ditferent,
countries could partcipate in the imterna-
tiondl agreement without behaving difter-
ently than they otherwise would. Thus, the

world wheat economy—the pattern of
stockholding and price variability—would
not change. As noted in Chapter 2, a wide
price band for the butfer stock is necessary
to bring about an upward shift in total
stockholding. Because the stocks under the
international agreement would nonetheless
partly displace stocks that would otherwise
be held, the total buffer stock obligation
should be somewhat large even though its
net contribution to world stockholding would
be rather modest.

In addition an international agreement
should include other measures. 1t has been
shown that uncertainty about policies of
major countries, failure to provide data
about stocks or other key aspects of the
wheat economy, insulation of national mar-
kets, and the use of production and export
controls have contributed significantly to
increased price vartability and inefficient
stockholding decisions. Thue an agreement
should include provisions to ensure consul-
tations about national policies, require ex-
change of daiq, restrain policies to insulate
national markets (especiaily during periods
of world market stress), and limit the use of
production and export controls.

Finally, given the difficulty in negotiating
an mnternational agreement on stockholding
and the modest contribution that any such
agreement could make to helping developing
countries stabilize their food consumption,
it is important to pursue other means to
provide necessary assistance. International
aid programs should be designed toimprove
the capacity of developing countries both to
finance imports and to manage their own
stocks efficiently.

By Gale Jobnson has called attention to this 1ssue “Mast dise usstons ol mternational graimn resen e schemes ignore
the extent to which the resenves so held or controlled snnply substitute toy tesenves that would otherwise have been
held Thus it an agreenient were reached that a group of countnies would agree to create aresenve of a given size, say
50 mulhon tons, the mrease o world pram teserves would only be o tracnon of this Amencan and Canadian
expenence dicates that governmentatly held resenves 1eplace most privately held stocks Stocks held pursuant to
an mternational agreement wonld substitute quate diectly tor stocks hefd by at least sote governmer
Consequently, the size of tesenses that tesulted tronaninternational agreement mght add relatsvely e towokd
graim stochs unul the amount of suchreserves hecame very aige’ (D Gale Johnson “Dinntations ot Graim Reserves
i the Quest tor Stable Poces” World Feonomy Tune 1978 pp 2892499
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APPENDIX

METHODOLOGY USED TO ADJUST DATA FOR THE
GROWTH TREND AND TO CALCULATE MINIMUM

WORKING STOCK LEVELS

Adjustment of Data
on Ending Stocks and Total Supply

Because of the growth trend in produc-
tion and consumption of wheat, ending
stocks must grow in any year in absolute
terms in order to remain a constant percen-
tage of production or consumption. To
describe an optimal storage rule in a way
that can be applied to any year, Gardner and
others have calculated carryover stocks and
total supply as a percentage of mean produc-
tion in that year. To provide a description of
the historical stocks/supply relationship that
is not distorted by trend growth and to allow
comparison of this historical relationship to
that estimated by Gardner, the actual data is
adjusted as follows. Beginning stocks and
production in each year are calculated as a
fraction of trerid production (logarithmic) in
that year. Total supply as a fraction of trend
production in that year is then the sum of
the fractions for beginning stocks and pro-
duction. Ending stocks as a fraction of trend
production are equal to beginning stocks as a
fraction of trend production from the pre-
vious year. To facilitate comparison with the
current world wheat economy, these results
for ending stocks and total supply as a
fraction of trend production in each year are
then expressed in 1978/79 equivalents; that
is, each fraction is multiplied by the absolute
figure for 1978/79 trend production {420.5
metric tons). These adjusted data are shown
in Table 14 below and Figure 3.

Calculation of Minimum
Working Stocks

To make Gardner's estimates for optimal
stockholding in a unified world market
comparable to the trend-adjusted data in
Figure 3, it is also necessary to estimate
minimum working stocks for the world as a
whole in 1978/79. For this purpose, it is
assumed that the minimum working stocks

for the world as a whole is the sum of
minimum working stocks in each major
country or region. It is further assumed that
at some time since 1960/61 each major
country/region has reached its minimum
working stock levels. Therefore, consistent
with the definition of minimum working
stocks in Chapter 2, the minimum working
stock level as a percentage of market volume
{(production for exporters and utilization for
importers) is estimated to be equal to the
lowest observed level of ending stocks as a
percentage of market volume for each major
country/region. Table 3 in the main text
shows ending stocks of wheat for seven
major countries and the world as a whole

Table 14—World production, ending
stocks, and total supply of
wheat adjusted to 1978/79
trend equivalent, 1960/61 to

1978/79
World world Ending World Total
Year Production Stocks Supply
{million metric tons)

1960/61 430.5 1347 564.0
1961/62 394.1 1104 5288
1962/63 430.1 114.1 540.5
1963/64 387.2 100.7 501.3
1964/65 4333 114.0 534.0
1965/66 403.6 83.5 517.6
1966/67 457.0 119.2 540.4
1967/68 425.2 124.0 544.4
1968/69 454.8 152.2 576.8
1969/70 415.3 125.2 567.6
1970/71 409.5 91.9 534.8
1971/72 438.2 97.5 530.1
1972/73 417.4 75.2 514.9
1973/74 438.5 80.0 511.7
1974/75 406.9 70.2 487.0
1975/76 386.1 67.3 455.3
1976/77 443.0 1017 510.4
1977/78 394.0 823 495.7
1978/79 447.8 102.7 530.1
Source:  Derived from U.S. Department of Agriculture,

Foreign Agricultural Service, “Foreign Pro-
duction, Supply, and Distribution of Agricul-
tural Commodities Tape,” Washington, D.C.,
1979.
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since 1960/61. Based on the assumptions
and procedure just described, Table 15
shows the estimated minimum working
stocks for those countries, for the Rest of
the World as an aggregate, and for the world
as a whole.

The considerable differences among
countries can be attributed to several factors.
Most importantly, the difference between
the end of the statistical crop year (when
ending stocks are estimated) and the time at
which wheat from the new crop is in position
for export or processing in major consuming
areas will vary among countries. For ex-
ample, Canada's statistical crop year ends
onJuly 21, whereas harvests occur in August
and September; the new wheat crop cannot
reach export position until some time there-
after. Thus, Canada's ending stocks on July
31 must include stocks to be consumed and
exported for the two months or so until the
new crop is available. But for other major
countr.es, the gap between the end of the
statistical crop year and the availability of
new crop wheat is shorter. Thus,their ending
stock figures include a higher percentage of
interseasonal, in contrast to intraseasonal,
stocks. Other differences in minimum work-
ing stock levels among countries result from
differences in reporting systems and data
availability. For example, some countries
may have incomplete data on on-farm stocks.
Finally, some differences would be expected
among different marketing systems. For
instance, in those countries that experience
consistent interruf tions in the transportation
network, millers may prefer to hold larger
working stocks.

Based on the estimate from Table 15 that
world minimum working stocks equalled 43
million tons in 1978/79, Gardner's estimate
of ending stocks as a function of total
supply in a unified world market can be
written approximately as follows: WOET =
-267.5 +0.67 WOST. As a basis of compari-
son, Gardner's results for the case of no
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Table 15— Estimated minimum working
stocks, 1960/61 to 1978/79

Lowest Ob- Minjmum
served Percent. Working
age of Trend  1978/79 Stocks for
Country Volume® Trend Volume 1978/79
{million {million
metric tons) metric tons)
United
States 19.5 (1973/74) 54.9 10.71
Canada  46.0 (1974/75) 18.6 8.56
Australia 5.5 {1972/73)° 12.3 0.68
Argentina 6.0 (1978/79)° 7.3 0.44
European
Economic
Commun-
ity 14.0 (1977/78) 4455 6.23
India 9.0 (1974/75) 331 2,98
Soviet
Union® 0.0 . 0.00
Rest of the
world' 6.9 (1970/71) 194.2 13.40
Total 43.00
Source:  Derived from data in Table 3.

* Each of these figures is the lowest observed value for
ending stocks as a percentage of logarithmic trend of
production for exporters or utilization for importers
(1960/61 to 1978/79).

® The figure of 5.38 percent was rounded upward
because ending stocks in 1972/73 were 8.6 percent of
Australia's current production.

¢ Several times before 1973/74, Argentina’'s minimum
working stocks fell below 6.0 percent, but early Argen-
tine data on stocks is poor. For 1977/78 and 1978/79,
the figures were 6.9 percent and 6.8 percent respectively.

d .
Based on trend production.

‘ Because reported ending stocks were zero in 1961/62
and 1.0 million metric tons in 1977/78, it is assumed
that reported data are in fact in excess of minimum
working stocks.

' . . .
For this purpose, the world minus the seven countries
listed above is treated as a unit.

supply elasticity and no external costs were
used, and perfect rather than approximate
linearity was assumed.
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