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Preface

The objective of this report is to assess the effectiveness of trade liberalisation as a response
to the decline in government stockholding of grain in several countries. Price stability has
been of concern following the decline in global stocks to historically low levels and the
sudden and unexpected jump in grain prices in 1995. The implications of such policies for
food security in developing countries is of particular interest. Results from a ten region, dy-
namic, stochastic model of the world wheat market are presented in this report.

This project, an initiative of the Danish Institute of Agricultural and Fisheries Economics,
was undertaken as a contribution to the Development Economics Research Group (DERG),
which aims to promote Danish research into development issues.

The report was prepared by David Vanzetti, a consultant from Eco Landuse Systems, Can-
berra, Australia. The author benefitted from assistance from Kim Lind, in particular, who
undertook the econometric analysis presented in the report. Sgren E. Frandsen initiated the
study and provided guidance in both technical and presentational aspects. Aage Walter-
Jgrgensen and Els Wynen assisted at various stages in the report. Finn Tarp and Channing
Arndt of the University of Copenhagen, and Abadolreza Abbassian, Panos Konandreas,
Werner Lamadé and Ramesh Sharma from FAO are also thanked for their comments.

Danish Institute of Agricultural and Fisheries Economics, February 1998.

Arne Larsen







Summary

Global grain stocks in 1995/96 reached levels commonly associated with an impending cri-
sis. Prices of some grains doubled within twelve months, but returned to trend rather than
heralding a new era of high prices. These events followed the completion of the Uruguay
Round agreement and other policy measures aimed at liberalising agricultural trade, result-
ing in a reduction in government-held stocks but a limited increase in privately held stocks.
Are attempts to liberalise world trade progressing too quickly, placing at risk global food
security? Or is the decline in stocks merely a long-delayed rationalisation of inappropriate
and expensive agricultural support policies?

At a time of transition from managed markets to an open global economy, the role of gov-
ernments in grain stocks and the contribution of these stocks to price stability and food se-
curity is under scrutiny. The presence of market failure justifies some role for government,
but not to the extent seen in the past. The phasing out of policies that insulate domestic
markets from world prices, changes in transport and communications, the globalisation of
new financial markets and changes in the location of production and consumption of cereals
are some of the factors affecting the linkages between stocks, prices and food security.

Recent grain price rises may seem dramatic, but once an adjustment for inflation is taken
into account, they are insignificant in comparison with the price rises of the early 1970s.
Recent price movements barely reached 1982 levels in constant dollar terms, yet in the
1970s wheat and coarse grain prices were more than double that level, and internationally
traded rice prices increased more than three-fold. However, the long run downward trend in
prices may have abated. Analysis of monthly price data since 1976 suggests that a structural
change occurred in the late 1980s, and that wheat and maize prices have held their line
since then. Rice prices continue to trend down slightly. Once account is taken of the struc-
tural change, it appears that while wheat and maize prices have become less stable in the
previous 10 years, stability has improved in the world rice market.

To assess the implications of changes in the linkages between prices and stocks, a stochas-
tic, dynamic, ten-region partial equilibrium trade model of the world wheat market is devel-
oped. Six scenarios are simulated to assess the impact of alternative trade and government
stockholding policies on world and domestic price stability. The results are summarised in
figure 1. In the baseline scenario the coefficient of variation (a measure of variability de-‘
rived by dividing the standard deviation by the mean) of world prices is 0.40. The removal
of policies that insulate domestic from world prices (tariffication) has the potential to de-
liver a substantial increase in world price stability without requiring a decrease in protec-




tion. However, domestic price stability worsens in the importing regions. Trade liberalisa-
tion, the removal of policies that create a wedge between domestic and world prices, can
significantly reduce world price instability, but all of this comes from tariffication rather
than the reduction in protection per se. With current stockholding policies maintained, tarif-
fication or liberalisation leads to an estimated two-thirds reduction in variability.

FIGURE 1: World wheat price stability under alternative scenarios
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If exporter governments relinquish stockholding, price instability would increase 42 per
cent relative to the baseline, although this will be insufficient to encourage an offsetting re-
sponse from the private sector or other governments. Government stockholding behaviour
does not appear to crowd out the private sector to any great extent. If all governments re-
duced their stocks to zero, as illustrated in-the fifth scenario in figure 1, world price insta-
bility would increase 150 per cent. These two simulations indicate that governments have
been effective in increasing global wheat stocks and reducing world price variability.

Linking domestic and global markets is, however, a better way of providing stability. Com-
plete trade liberalisation coupled with zero public stocks is estimated to reduce world price
instability by a third while eliminating government storage costs, including interest, of
around $30 per tonne. Globally, consumers, producers and taxpayers would gain from the
improved allocation of resources, transfers and lower government storage costs. Estimates
indicate that the amount the average consumer would be prepared to pay to avoid the price
instability would rise from $0.33 per tonne in the baseline to over $3 in the worst scenario.
The fall in storage costs more than compensates for the increase in the risk premium. Fi-




nally, the increase in income variability as a result of the removal of government from do-
mestic support, trade and stockholding policies is significantly less than the increase in
price variability in every region.

More complete implementing the existing Uruguay Round Agreement would lead to greater
stability and pave the way for reduced government involvement in stockholding. This
would have only relatively few impacts on food security in developing countries, which is
more a matter of distribution rather than global production and storage. Infrastructure de-
velopments, aimed at readily deploying available global stocks in times of need, could do
much to assist food importing developing countries. Governments in these countries can
target food security concerns directly by improving the purchasing power of poorer sections
of the community in times of need and in the longer term. The expensive storage of grain by
developed or developing country governments is unlikely to be the best method of achiev-
ing this.







-11-

1. The evolving nature of global grain markets

Global grain stocks are currently at 15 per cent of global utilisation, well below the 17-18
per cent threshold considered by some as signs of an impending crisis (FAO 1997a). In
1995/96, global production fell short of consumption for the third year in succession and
prices of some grains doubled within twelve months. These events followed the completion
of the Uruguay Round agreement to liberalise agricultural trade policies, resulting in a re-
duction in government-held stocks. Are attempts to liberalise world trade progressing too
quickly, placing at risk global food security? Or is the decline in stocks merely a long-
delayed rationalisation of inappropriate and expensive agricultural support policies?

Governments have always played a role in grain storage. Given the importance of food se-
curity, this is understandable. Yet, in an era of a lessening role for government in many ar-
eas, it is timely to query the place of governments in stockholding and stock management.
A justification for government activity in this area depends, as in other areas, on the exis-
tence of market failure. If it could be shown that the private sector has inadequate capital
resources to handle risk, is poorly informed, or is subject to inappropriate regulatory or po-
litical constraints, an argument could be made for a significant government presence. Ap-
propriate policies would include addressing the sources of market failure rather than taking
over the role of the private sector in holding the physical stock. Where consumers lack the
purchasing power to buy necessary food, governments have a role in providing the neces-
sary financial assistance. Where private sector stocks are deemed inadequate to meet social
objectives, governments could subsidise private storage through interest rate or other costs
subsidies. Only where governments can undertake storage at lower costs than the private
sector should they be directly involved in stockholding.

In the past exporters such as the United States, the European Union and Canada have held a
significant proportion of global grain stocks. In recent year the US and EU governments
have decreased public stocks with little offsetting increase from the private sector, raising
concerns as to the adequacy of global stocks. The declining role of exporting countries in
stockholding raises a further issue concerning the management of stocks. If stock holding
will increasingly occur in importing countries, would such countries be prepared or able to
re-export in times of need? If additional stockholding is desirable, where should it be held
and who should pay?

The major focus of this paper is to examine the role of governments in stockholding in the
light of recent policy changes, in particular trade liberalisation and declining government
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stocks in exporting countries. A certain amount of policy reform has occurred as specified
in the Uruguay Round Agreement, and more is to come. Regional integration, including the
expansion of the European Union and the North American Free Trade Agreement, will fur-
ther the trend towards open global markets. Implications for stock levels, price stability and
food security are examined. The paper is structured as follows. In view of the significant
role of governments in holding stocks, a conceptual discussion of the economic rationale for
government involvement and a discussion of food security and national stockholding poli-
cies is presented in chapter 2. In chapter 3 the historical development of stocks and prices is
described to help assess whether the recent decline in stocks will lead to a period of in-
creased price variability. To analyse the impact of government stockholding policies on
producers, consumers and private stockholders, a ten-region dynamic trade model with pri-
vate and public storage is described in chapter 4 and results presented in chapter 5. Some
concluding comments on the role of government and recommendations for further research
end the report. The model is documented in the appendix.

Given the significant cost of grain storage, there are several reasons for re-examining the
adequacy of global grain stocks. The removal of tariffs, improved shipping and handling,
modern financial instruments and changing demand characteristics (see box 1) all imply
that a lower level of global stocks than that previously considered adequate may be desir-
able. What is not clear is the strength of these factors, and whether, given these changes,
global stocks at the current levels are sufficient to maintain a desirable level of food secu-
rity. The effects of changes in these factors should be seen in the speed at which changes in
world price movements are transmitted to domestic markets. However, there is little conclu-
sive evidence of this as yet in the markets for wheat, rice and coarse grains (Sarris 1997).
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2. Is there a role for government in grain storage?

The existence of market failure provides an economic rationale for governments to hold
stocks. If it can be shown that the private sector, by holding stocks in order to make profits,
holds inappropriate levels, governments should act to correct the deficiency. Of particular
concern is the issue of food security in developing countries.

It may seem intuitively obvious (although it is not) that stable prices would be favoured by
both consumers and producers, and that each group would be prepared to pay something
towards the provision of such stability. The storage of a product from one period to another
can provide a degree of stability at a cost, the cost of storage. The impact of storage,
whether government or private, on price stability is illustrated in figure 2. Schedules S and
D represent the quantities produced and demanded at various prices. The interaction of the
two curves gives the price and quantity at which the desired consumption just equates with
available supply. In the absence of storage a production shock, due for example to a poor
harvest, represented by a shift from S to S’, would lead to an increase in the market clearing

FIGURE 2: Impact of storage on price stability
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price from P; to P,. The availability of storage can be shown as the demand for storage
schedule Ds. As prices fall stockholders purchase stocks in anticipation of a subsequent
rise, and vice versa. The curve thus cuts the vertical axis at the point where prices are ex-
pected to neither fall nor rise, and stock levels are maintained. Above the price E(P), where
the function crosses the vertical axis, stockholders supply rather than remove production
from the market. Demand for immediate consumption and stockholding purposes is shown
by the total demand curve Dr, a linear addition of the two curves D and Ds. This addition
makes the total demand curve Dy a little flatter. An exogenous reduction in supply now re-
sults in a price increase from P; to P, rather than P; to P,. Hence, storage adds stability to

prices.

Welfare effects of price stability

Stable prices do not necessarily benefit consumers or producers, depending on the source of
the instability, the curvature of the demand and supply schedules and other factors. In gen-
eral however, the availability of storage leads to a net welfare improvement. The welfare ef-
fects of price stability resulting from storage can be illustrated graphically. Consider the
diagram in figure 3 where price fluctuations are caused by variations in supply, represented
by the supply curves S; and S,. Without storage the respective prices are P; and P,. Assume,
with costless storage, that the stockholding authority buys QsQ* in years of abundant sup-
ply (S;) and sell QyQs in other years, thus stabilising prices at Ps. In the first such years,
producers gain ¢ + d + e while consumers lose ¢ + d. In years when the stocks are sold onto
the market, consumers gain a + b while producers are worse off by area a. The benefits
from stabilisation are half (the average of) the triangles b + e.

Stockholders gain from purchasing stocks at the low price P;, and reselling it later at P,.
They would acquire stocks up to the point where the cost of holding the last unit is equal to
the expected difference in prices. In contrast to the assumption underlying the diagram, a
positive cost of storage implies that complete price stabilisation is not optimal, as stock-
holders cannot cover their costs if the buying and selling prices are the same.

" In addition to providing price stability and its accompanying benefits, the holding of stocks
may also prevent a complete running down of stocks and the absence of available supplies.
The cost of storage may seem a low price to pay where livelihoods, if not lives, are at stake.
Can this be left to the private sector motivated only by fear (of making a loss) and greed
(for a profit)? Many governments would appear to have concluded otherwise.




-17 -

FIGURE 3: Impact of storage on welfare
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Market failure

Indeed, there may be a legitimate role for governments. Market failure may exist if uncer-
tainties such as global wars or earthquakes are too large to be covered by the market. If the
risks are too great, the argument goes, the private sector will hold insufficient stocks. Gov-
ernments can afford to holds large reserves and take risks that the small firms in the private
sector may not be prepared to take. This argument seems unconvincing. It is unlikely that
large grain traders or international insurers, with the ability to reinsure their risk, would be
unable to cover the amount involved in crop production. However, it may be that such firms
are unable to operate in certain developing country markets, due to regulations limiting for-
eign owned enterprises or other restrictions. Poorly developed capital markets may limit the
activities of small local firms.

A second source of market failure is the divergence of private and social discount rates.
Governments, with the welfare of the nation and future generations in mind, may have a
lower valuation of current as opposed to future costs and benefits than the private sector. If
so, governments would be prepared to invest in projects that provide a lower rate of return.
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Typically, governments do invest in long term projects (education) that provide relatively
low or more distant returns.

Governments also have a role of providing food for those who lack the purchasing power to
buy it from the market in times of need. The government role in providing food security de-
serves special attention.

Food security concerns

Food security can be defined as a situation in which ‘all households have both physical and
economic access to adequate food for all members, and where households are not at risk of
losing such access’ (FAO 1996b). The key word here is ‘access’, implying that in the pres-
ence of abundant supplies, many people consume inadequate quantities of food as they lack
the economic resources to produce or purchase the required amount. For those with ade-
quate purchasing power, it is necessary that food is available at a regional and local level to
enable purchases to be made. It may seem incongruous that while the proportion of the
population in developing countries that is chronically undernourished is around 800 million,
some 20 per cent (FAO 1996b), much of the world’s grain is fed to pigs and cattle. At the
recent World Food Summit in Rome in 1996, FAQO’s Director General was quoted as saying
more money was spent in the United States on diet pills than on food aid. Furthermore,
policies are in place in many developed countries (quotas, set-asides) and developing coun-
tries (taxes) to limit production.

Unequal income distributions

Food éecurity is not a question of global production and stocks. The problem lies in indi-
viduals in poor countries not having the purchasing power to buy the available production,
and in transporting grain to where it is needed. For example, while Asia does not have food
shortages overall, most of the world’s undernourished are found there. Income in South
Asia, averaging around $320, is critically low. In India, 20 per cent of the population,
around 180 million people, suffer from inadequate supplies of food in spite of the fact that
India is a net exporter of grains (USDA 1996). Unequal distributions are a major part of the
problem here. In most countries in South Asia, if the available food was shared equally, all
could meet minimum nutritional standards.




Solutions to market failure

The presence of large risks, divergent discount rates and low purchasing power indicates a
role for government, but not necessarily a role that involves government ownership of
stocks. Governments should identify and attempt to remove the causes of market failure and
to assist the market to operate more efficiently. For example, the private sector will not hold
stores of grain for those who are unable to pay on purely altruistic grounds. Nonetheless,
private agents are likely to hold stocks if they have reason to believe that governments will
buy from them when the need arises. International aid agencies can follow the same policies
of providing financing for food procurement when and where required.

Economic growth is one solution

The solution to food insecurity is not merely to accumulate stocks, but to provide the neces-
sary purchasing power to those at risk of malnutrition. It seems unlikely that improved in-
come distribution will occur through transfers of tax revenue. Economic growth is a neces-
sary but not sufficient condition for a solution to the problem. The USDA (1996) estimates
that even in the absence of improved income distribution, all Asian economies could elimi-
nate hunger among the poorest 20 per cent of their populations within 10 years if they were
to grow at around 9 per cent per year. Several Asian economies, for example Indonesia,
have sustained such rates of growth for 10 years, although most have.not been able to do so.
The assumptions underlying such projections, such as continued growth in agricultural pro-
ductivity and population, may be open to question in some instances, but such estimates
highlight the importance of economic growth in reducing hunger and undernutrition.

Other approaches

Improved policies would help many food insecure countries. Many such countries have in
the past implemented policies that discouraged agricultural production through price ceil-
ings to support urban consumers and over-valued exchange rates that encouraged purchases
of imported rather than domestically produced grain. Policies to correct these deficiencies,
plus the provision of adequate infrastructure such as ports, roads and rural extension, and
the improved functioning of credit institutions would contribute towards enhanced agricul-
tural productivity while raising incomes of the poor. Improving information flows, enforc-
ing property rights, providing infrastructure and removing monopolistic elements are areas
where governments can contribute with little likelihood of crowding out private agents.
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Many countries in recent years have implemented structural adjustment programs to address
these issues, with some success.

Food aid

In spite of improved policies, the need for food aid will doubtless continue for many years.
To provide for food security at a national level in times of crisis, the internationally negoti-
ated Food Aid Convention requires that minimum guaranteed food aid quantities of be pro-
vided. These levels are currently at 5.3 million tonnes. Eighty per cent of food aid is in the
form of grains, most of it wheat. The United States Government holds a four million tonne
Food Security Wheat Reserve for emergency humanitarian needs in developing countries.
In addition, grain for aid can be purchased by donors on the commercial market when re-
quired, often locally or in other developing countries. The European Union has increasingly
followed this approach, which assists in the development of local markets, lowers transport
costs and promotes trade between developing countries.

Surplus stocks are commonly used to provide food aid, and there is concern that a drawing
down of stocks may threaten food aid donations. Indeed, grain food aid decreased from 9.2
million tons in 1995/96 to 7.7 million the following year (USDA 1996), although this may
reflect reductions in donor budgets rather than availability. Much (40 per cent) of the food
aid is non-targeted program aid aimed at reducing recipients budget outlays, in contrast to
relief aid for emergencies (34 per cent) and project aid for special projects (40 per cent). To
the extent that non-targeted aid is fungible, such assistance could equally as efficiently be
given in financial terms.

Concern about declining food aid may be misplaced. Genuine food aid is not subject to
Uruguay Round reduction commitments (FAO 1996, p. 4), as are export subsidies, so food
aid in kind remains one means of quitting surplus stocks.

Why do governments hold stocks?

Many governments have objectives other than pure price or income stabilisation. Public
authorities may hold stocks as part of a mechanism to raise and maintain farm prices or to
redistribute income to or from producers to consumers. Few stabilisation schemes have
been self-financed, implying that governments purchase stocks to support producers. Poor
forecasting on the part of the stock management authorities can also lead to a similar build-
up of stocks. If the buying-in price is too high relative to the (possibly shifting) long run
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market equilibrium, large stockpiles can occur. The experience of the European Union and
the United States in the early 1980 in the markets of several agricultural products is consis-
tent with market support prices far higher than domestic equilibrium levels or world price
levels. Producers gain when stocks are being accumulated, and become worse off as they
are run down. This explains the popularity of initiating buffer stock schemes (Wright and
Williams 1988, p. 1183). However, stocks accumulated in times of high production may
overhang the market and depress prices and incomes later, and at such a point producers in-
variably ask the taxpayers to help dispose of excess stocks through denaturing, foreign aid,
dumping in the ocean and other imaginative methods. In the absence of government help,
long run average revenues for producers may be lower with the existence of such schemes.
Nonetheless, producers may be better off from bringing forward the higher prices associ-
ated with the establishment of buffer stocks.

In developing countries, stockholding by governments may be undertaken to protect urban
consumers from high prices as well as supporting producers. Policies in Indonesia, Bangla-
desh and Pakistan have reflected these two objectives, which are considered of political as
well as economic importance (Islam and Thomas 1996, p. 40).

There may be an economic justification for some government involvement in stockholding,
but probably not at the levels sometimes seen in some countries. Although most govern-
ments intervene in grain markets, a World Bank study more than 20 years ago concluded
that the costs of holding sufficient stocks of a tradable commodity to ensure food security in
developing countries usually outweighs the benefits (Reutlinger, Eaton and Bigman 1976).
In a study on African developing countries, Koester concludes ’... there seems to be no ra-
tionale for holding carryover stocks of tradable commodities in developing countries’
(Koester 1986, p. 68). This conclusion may not hold if the commodity is not tradable be-
cause of high transport costs or trade sanctions. The concensus in the literature seems to
suggest that the economic benefits are small, the possibly the costs outweigh the benefits
(Schmitz 1984, Gardner and Lopez 1996, and Islam and Thomas 1996).

Levels

Whatever the motive, government stockholding is quite significant. Governments tend to
hold very high levels of rice stocks (as high as 90 per cent of consumption in some years)
and more than half of all wheat stocks. For all cereals, government-held stocks comprise a
significant proportion of global cereal stocks, 59 to 74 per cent through the 1980s and fal-
ling to less than half in 1995/96 (see table 1), the year of significant price rises.
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TABLE 1: Private and government-held global cereal stocks

Crop Govt as share
year Private Government Total of total

mmt %
80 115 161 276 58
81 117 137 254 54
82 122 179 301 59
83 91 255 346 74
84 101 186 286 65
85 118 221 338 65
86 194 232 426 54
87 160 296 457 65
88 162 240 401 60
89 117 194 311 63
90 127 181 308 59
91 155 196 351 56
92 147 192 339 57
93 181 202 383 53
94 147 199 346 57
95 150 169 319 53
96 123 145 267 54
97 na na 285 na

Source: FAO 1997, p. 4.

National policies

Governments have played a significant role in influencing stocks and therefore government
policies are of interest. The United States and the European Union, and to a lesser extent
China, India and the former Soviet Union are the major holders of grain stocks.

The United States is the largest stockholder of grain, carrying up to 60 per cent (in 1986 and
1987) of world cereals. It is also the biggest exporter, responsible for nearly half of world
cereal exports in the late 1980s (FAO 1993a, p. 2). Until recently, US stockholding policy
was correlated with price support measures, operated through the Commodity Credit Corpo-
ration (CCC) loans. Farmers putting stocks into the CCC were guaranteed a minimum price
equal to the loan rate. With the loan rate kept well above the market rate when production
rose and prices fell, significant government-held reserves accumulated. The policy effec-
tively set a floor price on global grain sales, and contributed to raising grain prices during
the period of stock accumulation. Policy since the mid-1980s has been to reduce stocks by
reducing the loan rate and providing subsidies on exports through the Export Enhancement
Programme. Marketing loans provided to producers when the loan rate fell below world
prices helped sustain over-production, leading to plummeting world prices in the late 1980.

o
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The European Union became a major stockholder of cereals (among other commodities) in
the late 1970s when high support prices resulted in higher output than could be readily dis-
posed. Domestic market prices are supported by intervention prices at which farmers can
sell into government-held stocks. Government cereal stocks rose throughout the 1980s to
peak at around 60 per cent (26 million tonnes) of utilisation prior to the McSharry reforms
announced in 1992. These reforms lead to about a 30 per cent reduction in cereal interven-
tion prices, offset by a compensatory area payment that amounted to the 35 ECU/t (in 1994)
times the typical regional yield. When world prices are high, farmers receive the market
prices without any reduction in compensation. Shifts towards direct payments and set-aside
led to a running down of stocks in intervention. In the 1995/96 season, total EU cereal
stocks reached a low of 11 per cent of utilisation, similar to levels of the early 1970s (FAO
1997, p. 5). If current policies are maintained, EU cereal intervention stocks are estimated
to rise significantly to 58 million tonnes by 2005 (European Commision 1997). Further re-
form of the Common Agricultural Policy under the Commission’s Agenda 2000 proposals
will, if accepted, see cereal intervention prices lowered from current levels of 119 ECU/t to
95.35 ECU/t and a non-crop specific area payment raised to 66 ECU/t (European Com-
mision 1997). Such reforms will tie market prices more closely to world prices, diminishing
the role of stockholding in the disposal of surplus cereal production. It remains to be seen
whether such reforms can be implemented.

Cereal stocks in Canada are owned by the private sector. The mechanism to support pro-
ducers has little impact on stocks. The other major exporters, Australia and Argentina, carry
only pipeline stocks.

China is the world’s largest producer and consumer of grains, exporting rice and maize but
importing about 15 per cent of global trade in wheat. Government stock levels are consid-
ered secret, although they are presumed to be quite large (Crook and Colby 1996). On-farm
grain stocks in China were estimated by the USDA to be 458 million tonnes in 1994, of
which 40 per cent were carried over from the previous year. Off-farm stocks were estimated
to be down from 103 million tonnes in 1983 to 72 million in 1995. Stocks are predicted to
decline over the next decade as reforms are put in place. Inadequacies in China’s infra-
structure lead to storage losses of 10-12 per cent a year, somewhat more, according to FAO
estimates, than in other developing countries.

The States of the Former Soviet Union previously held around 10 per cent of global stocks,
but following the break up in 1990 each country follows different policies. In 1992 the ma-
jor stockholders were Russia (29 million tonnes), Ukraine (17 million tonnes) and Kazack-
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stan (10 million tonnes) (FAO 1993). Most of the other states maintain only operating
stocks.

India maintains stocks.for food security and also runs a buffer stocks scheme to stabilise
prices. Recent reforms have led to greater quantities of stocks in the hands of the private
sector.

Among other major grain producers, Thailand, Vietnam, Nepal, Indonesia and the Philip-
pines carry only operational levels of stocks. Pakistan maintains strategic reserves, as does
Japan (three months supply of wheat) and Turkey. However, these amounts are not great by
world standards.

Of particular interest is Africa, because poor infrastructure or border disputes often prevent
grain being readily transported to where it is needed in times of famine. Government stocks
are a higher proportion of total stocks in African countries than in many other developing
countries, although structural adjustment policies have led to a greater role for the private
sector in recent years. However, in spite of the far greater difficulty in ensuring food secu-
rity in Africa, few countries have sizeable stocks, with Zimbabwe (2.5 million tonnes) a
notable exception.

Like international trade, the existence of stocks can be viewed as a public good, providing
benefits to those who don’t necessarily bear the costs. Countries without stocks benefit from
the stockholding behaviour of others. National policies are coordinated only by the market.
From a global perspective, then, declining stocks raise issues of management and location.

Management and location

Considerable changes have occurred in the world grain trade since the 1970s, when the
major imports of wheat and feedgrain flowed into European and Japanese ports. In the
1980s the European Union increased its grain production, reducing imports and ultimately
increasing exports. However, demand increased in the Soviet Union and Eastern Europe but
dried up with the restructuring of the former centrally planned economies, and higher in-
come in developing countries in East Asia and elsewhere saw a change in the direction of
trade flows. The developing world now accounts for over 75 per cent of world seaborne im-
ports, compared to 35 per cent in 1975 (Ocean Shipping Consultants Ltd 1996, p. 3). Many
importing developing countries have poor port facilities, capable of receiving only small
ships and unloading at rates of 1000 to 2000 tonnes per days compared to the OECD stan-
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dard of 8750 tonnes. This applies particular in the developing world outside of East Asia
and North Africa. Freight rates are, as a result, significantly increased. Landed prices of
grain ex US Gulf are commonly $10-20 more in developing countries than in Rotterdam.
Data presented in table 2 indicate that while freight rates have generally fallen for intra-
OECD trade, vessel size limitations and slower turnaround times have increased costs in
developing countries. This discrepancy is expected to increase as smaller vessels are in-
creasingly phased out. Shipping, handling and internal distribution constraints may well
comprise a greater threat to national security than the run down of global stocks.

TABLE 2: Freight costs of wheat, 1980, 1995, per cent of CIF

US Gulf-Sudan US Gulf-India US Gulf-Rotterdam
1980 12.7 141 8.1
1995 15.7 19.4 71

Source: Ocean Shipping Consultanis Lid 1996, p. 30.

With positive transport costs, it makes good sense to locate stocks at the point of produc-
tion, rather than transporting them to an importing country and re-exporting if shortfalls oc-
cur elsewhere. Exporting countries tend to have better infrastructure for storage and ship-
ping, and can undertake these activities at least cost. In addition, there may be strategic geo-
political advantages from holding large stocks. From a purely economic perspective, im-
porters probably gain the most from the fact that stocks are held somewhere (Schmitz 1984)
and it could be argued on equity grounds that they therefore should contribute more to
global storage costs.

In conclusion, there are several sources of market failure that justify governments influ-
encing the carryover of grain stocks between years. The provision of food security is a ma-
jor concern. The recent run-down in global grain stocks is not in itself a problem for food
security, which depends more on issues of distribution rather than global production. Im-
proving the distribution of purchasing power through political and economic development
provides a means of achieving foods security in the long run. Improving physical distribu-
tion channels can also make a significant contribution. While a role for governments exists
in providing humanitarian and short term aid, this can most efficiently be done by purchases
of commercial stocks. This is generally a more workable arrangement than earmarking spe-
cific stocks as aid, because such stocks incur significant storage costs, need to be rolled
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over to minimise spoilage, and are often at the wrong place at the wrong time. In the past
the level of public stocks has been excesive. It can be argued that rather than providing a re-
assuring buffer against an uncertain future, stocks have for many years been an unwelcome
burden for producers, taxpayers and policy makers. For most of the last 60 years since the
Depression, the major agricultural policy problem in developed countries has been one of
disposing of surplus production rather than how to produce more to cater for demand. The
continued existence of export subsidies in the United States and the European Union is evi-
dence of this.

If governments were to relinquish their stockholding role somewhat, it is not clear what im-
pact this might have on price stability and how this might affect producers and consumers.
This issue is addressed in the following chapters.
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3. Stocks and prices

Adjustments in stocks and prices are required to accommodate discrepancies between pro-
duction and consumption. Global grain consumption has increased almost 80 per cent in the
three decades to 1996/97. This significant increase in demand for grain has been matched
by increasing production without necessitating a trending upwards of prices. Global cereal
stocks have ranged from 14 to 28 per cent of utilisation (that is, consumption) over the pe-
riod. Global production, utilisation and stocks of grain (wheat, coarse grain and rice) are
presented in figure 4 and in appendix table A4. Data for the individual crops are contained
in appendix tables Al to A3. However, it is clear even from a graph of the raw data that it is
the variations in production rather than consumption that have required the holding of sig-
nificant stocks. Analysis of the detrended data confirms this. In table 3, the range and stan-
dard deviation of the residuals from a linear trend are far greater for production. Analysis of

the year on year changes, both positive and negative, also shown in table 3, supports this
intuitive conclusion.

FIGURE 4: Global grain production, use and stocks
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TABLE 3. Variability in world grain production and use, 1968/69 to 1996/97

Production Utilisation
Deviations from linear trend
Range 229 125
Standard deviation 57 34
First differences
Standard deviation 73 27
Minimum -73 -45
Maximum 163 76

Source: Derived from table A4.

However, levels and variations in stocks cannot be explained by the need to match con-
sumption to production. Even at a time of low stocks, during the early 1970s following
large purchases by the Soviet Union and again following the reduction in government-held
stocks in the mid 1990s, the ratio of stocks to the shortfall in production have been in the
order of 4 to 5 fold (figure 5). This implies a level of stocks 4 to 5 times the excess of con-
sumption over production. For example, in 1969/70 consumption exceeded production by
16 million tonnes, yet available stocks were 228 million tonnes, 14 times the shortfall. In
the absence of any other adjustment, initiated by higher prices for example, these ratios im-
ply that such a shortfall could occur several years in succession before stocks were totally
depleted.

However, this evidence is not totally reassuring. Prices would certainly rise significantly,
perhaps astronomically, if stock levels got down to or close to zero. Such or even moderate
price rise would initiate considerable adjustment, with working or pipeline stocks, or even
grain sold to final consumers, coming back on to the market. Livestock feed provides an
additional buffer to global food supplies, as feed grain can be substituted for food in many
circumstances. Animals consume about 20 per cent of world wheat production and 60 per
cent of coarse grain production. Because the responsiveness of purchases of wheat as food
as prices rise is less than for feed wheat, as stocks fall rising prices would lead to a substi-
tution of coarse grains for feed wheat and a reduction is livestock numbers. For example,
following the dramatic rise in grain prices in 1972-74, the decline in the consumption of
feedgrain in the United States alone was equal to the shortfall in global production (FAO
1996). This substitution away from the use of grain as feed would force up the price of live-
stock products in the medium to long run.
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FIGURE 5: Stocks to shortfall ratio, global cereals
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In the period presented in the tables, shortfalls occurred in 14 out of 29 years. The longest
run of shortfalls is 3. However, shortfalls have occurred in 7 of the last 10 years, initiating
widespread concern over the issue of global food security that culminated in the UN spon-
sored World Food Summit in November 1996.

When looking at individual commodities, a similar picture holds. The ratios of stocks to the
shortfall in production in the worst case was 3.5 for wheat in 1970/71, 2.3 for coarse grains
in 1995/96 and 7.6 for rice in 1987/88.

Price stability’

Stocks are important not merely because they can be drawn down to bolster supplies in poor
years, but also because they can significantly influence prices. Price changes have signifi-
cant distributional effects, and these are often of far greater importance than the net welfare
gains from maintaining a particular level of stocks per se. The focus of attention should be
on price stability itself rather than the stock levels. Indeed, given that prices and production

! Thanks are offered to Kim Lind who undertook the analysis in this section.
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tends to move in opposite directions, the stabilisation of prices may destabilise incomes (as
Matheson, Clark and Klein (1995) demonstrate), the variable of ultimate interest to many
policy makers.

To the extent that the Uruguay Round led to an opening up of markets, the additional re-
sponsiveness of domestic markets to foreign production shocks would suggest that world
commodity markets would become more stable in the long run and perhaps less stable in
the short run, within the year. It is too soon since the implementation of the Uruguay Round
Agreement to assess its impact empirically. However, the world has entered an era of lower
government stocks, and an analysis of the data may indicate the importance of reduced
stocks for the stability of prices, incomes and producer and consumer welfare.

Monthly real world indicator price indices for wheat, rice and maize from 1970 are shown
in figure 6 and nominal and real wheat price indices in figure 72. Nominal prices are de-
flated by the US monthly CPI index (BLS 1997) and rebased to 1982 to derive a real price
index. A significant feature of the charts is the massive price rise 1973 and 1974, particu-
larly for rice, a thin market with a low proportion of world production traded internation-
ally. As noted earlier, this period featured massive and unexpected purchases by the Soviet
Union, an event described subsequently as the ‘Great Grain Robbery’. Surplus production
and the accumulation of stocks in the European Community and the United States led to
low prices in the mid-80s. The United States announced its revised approach to stockhold-
ing in the 1985 Farm Bill, and subsequently introduced export subsidies under the Export
Enhancement Programme to dispose of surplus production on an oversupplied world mar-
ket. Prices stayed rather flat until 1995 when low stocks, drought in several areas and strong
demand combined to dramatically lift prices for maize and wheat in particular. A feature in
the recent upsurge was the continued increase in consumption in the face of rising prices,
driven by rapid income growth in East Asia where income levels have reached a point
where many consumers are switching from rice to wheat and to meat products which may
be produced with low quality feed wheat. However, prices fell quite quickly as wheat and
coarse grain producers responded by concentrating on the high priced crops. Recent
changes in US policies provide greater scope for such flexibility. In contrast to the early
1970s, the recent price rise seems almost insignificant. Nonetheless, an almost doubling of
prices represents substantial instability. The other obvious feature of the chart is the appar-
ent slow decline in prices from 1976 to 1988 and the maintenance of the trend since then.

2 All prices in this report are derived from the UNCTAD (1997) monthly commodity price data base.
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FIGURE 6: Real world prices of wheat, maize and rice
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Price stability can be measured as variation around a suitably defined trend. Defining the
trend is of course difficult, but the obvious place to start is with a simple linear trend.
Analysis of the real price series for the period from 1970 indicates a statistically significant
downward trend amounting to 0.26 index points per year for wheat, 0.32 for maize and 0.40
for rice, bearing in mind the index was 100 in 1982, when wheat was US$89 per tonne.

Tests for stability of real prices suggest that the mean and variance of movements around a
trend line do not vary with time. Unpublished analysis by Sarris (1997, p. 6) indicates that
real and nominal, and calendar and crop year annual wheat, rice and maize prices from
1971 are trend stationary. Further analysis using the logarithms of prices since 1976 leads to
the opposite conclusion, namely that all series showed some change in the nature of the
variation around the trend. However, this analysis is suspect because of presence of struc-
tural breaks implies that the trend itself has shifted, and that measures of variations around
the trend should take account of this. Our analysis of the period since 1976 indicates that a
structural break in the wheat series may have occurred around 1987, with the slight down-
ward trend in real wheat prices abating totally>.

Once account has been taken of possible structural breaks, a new trend can be postulated.
Further analysis is undertaken on the periods 1980-87 and 1987-97 (see table 4). The esti-
mated trends in the first of these periods dissipates altogether for wheat and maize while
rice shows a small but statistically significant downward trend of $0.05 per year. Moreover,
variations around the trend would seem to be less correlated over time. The first order auto-
correlation (AR in table 4) is considerably reduced in the second and third periods. Fur-
thermore, the ARCH statistic indicates that the variation around the trend is stable (ho-
moscedastic) over time and is distributed more closely to normal (as indicated by the Chi
squared test). However, for wheat and maize each of these measures are worse in the final
period 1987-97, implying that stability has worsened in the last ten years. The rice price se-
ries has become more stable in the 1990s. On this evidence, grain prices would seem to
have become less stable since 1980 but still show less instability than in the earlier period.

? Several recursive residual tests within the econometric package pcGive were used for this analysis.
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TABLE 4: World wheat price étability diagnostics

1970-97 1980-87 1987-97
Wheat Maize Rice Wheat Maize Rice Wheat Maize Rice
Trend coefficient -0.26 -0.32 -0.40 -0.77 -0.76 -1.38 0.01 0.01 -0.05
tvalue -15.05 -20.83 -14.44 -34.53 -12.58 -19.55 0.50 0.53 -2.57
AR1 756 656 2130 24 76 292 167 129 89
ARCH 460 193 937 5 16 98 30 54 39
Chi squared 56 25 156 2 6 2 18 33 2

ART1 is a test of first order autocorrelation, ARCH a test of heteroscedasticity and Chi squared a test of the
normality of the distribution of the residuals. Critical values at the 5 per cent level are around 2 for the t-test,
between 2.04 and 2.15 for the AR1 and ARCH tests, depending on the sample size and 5.99 for the Chi
squared test.

Prices and stocks

If the cost of holding stocks were zero, stockholding could, in theory at least, remove all
price instability. With non-zero costs®, commercial stockholders would increase their stock
levels to the point at which the expected price rise would cover the cost of storage (the so-
called arbitrage condition). Clearly, stocks and prices are related. Stocks should be high in

FIGURE 8: Global wheat stocks and prices
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* Interest costs are always likely to be positive. This may be offset if the stored gdod increases in quality (for example,
wine) or in quantity (livestock). Grain does not have these characteristics, and tends to depreciate rather than appreci-
ate.
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times of low prices and vice versa. However, a graph of wheat stocks and prices (figure 8)
indicates the relationship at the global level is not a strong one. In 10 out of 26 annual ob-
servations stocks and real prices move together rather than in different directions as would
be expected. There is no significant relationship between the series in changes from one
year to the next. Notably, in the early 70s the massive price increase was not associated
with a fall in stocks, although levels were low at the time. Clearly, other factors such as in-
terest rates are important.

Crowding out
With government stocks declining, particularly in the United States, the worlds largest
stockholder, of key interest is the response of private stockholders. Movements in govern-
ment and private stocks are shown in figure 9 for in the period since 1979/80 for wheat,
rice, coarse grains and total cereals. FAO reports that in the 15 years since 1979/80 private
stocks have moved with government stocks in eight years and in the opposite direction in
the remaining years (FAO 1997, p. 3). However, there is little evidence that the decline in
- government stocks will be offset by an increase in private stocks. The decline in govern-
ment wheat stocks from 1986/87 to 1989/90 was accompanied by a fall in private stocks at
a time when real world wheat prices rose 30 per cent. The coarse grain market showed a
similar pattern, but government and private rice stocks trended in different directions
throughout most of the 1980s before movements become aligned in the 1990s. The absence
of any obvious relationship is perhaps not surprising given the motivation behind govern-
ment policies. Whereas commercial stockholders will store only in the expectation of a
price rise, several developed country governments have used storage programs as income
support measures. Some studies in the United States suggest a crowding out coefficient of
0.2 to 0.4, implying that when other factors are taken into account, private stocks will in-
crease by this proportion for every reduction in public stocks (FAO 1993, p.15). Several
studies (cited in Makki, Tweeten and Miranda 1996) suggest that after allowing for pipeline
stocks, optimal speculative stock levels in the United States would be considerably less,
perhaps two thirds, of average stocks in recent years. Their own estimates indicate that a
fifty per cent increase in production variability and a discount rate of zero would justify the
stocks held in the period 1991 to 1994, prior to the recent running down of US stocks. A re-
port by the European Commission (1994, p. 59) suggests, without providing quantitative
estimates, that public storage for cereals and other commodities reduces the profit-making
activities of private enterprise. Few studies have been done elsewhere, although it seems
likely that crowding out would vary from country to country, and depend on the transpar-
ency with which a government operated its stockholding policy.
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FIGURE 9a. Ownership of world cereal stocks FIGURE %b. Ownership of world wheat stocks
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In conclusion, although grain prices have become less stable concurrently with the decline
in global stocks in recent years, they appear to be inherently more stable than in the 1970s.
Prices are far below the levels of that period in real terms. The data presented here suggest
there is no obvious inverse relationship between prices and stocks, at a global level at least,
with the two variables moving together in some years and against one another in others. In
general, government stockholding policies would seems to be successful in raising stocks

above what they would otherwise have been, although this preliminary assessment cannot
necessarily be applied to specific markets.

While theoretical and limited empirical evidence can provide some guide as to the impor-
tance of public stockholding, a more thorough assessment requires account to be taken of
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the factors determining private and public stocks in different regions. A simulation model
developed for this purpose is described in the next chapter.
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4. A simulation model of the world wheat market

To assist in analysing some of the issues involved in stock adequacy and price stability, a
dynamic, stochastic, ten-region partial equilibrium model of the world wheat trade was de-
veloped. The model is described in appendix B. Such models, simple as they are, are useful
to illustrate the key relationships and the key parameters that determine the outcome of
policy changes, such as government stockholding, trade liberalisation, storage subsidies,
changes in transport costs or interest rates.

The model has a number of features desirable for analysing stock and stability issues:

Stochastic

Random variations in yield occur on the supply side. Empirical evidence presented earlier
suggests that exogenous fluctuations on the demand side are minimal, certainly compared to
supply-side shocks, and most price variability stems from this source. Stochastic shocks are
based on observed annual variations of yield from trend since 1960.

Dynamic

The model is dynamic, in that periods are linked by the formation of price expectations and
the carryover of stocks between periods. However, production and consumption do not
grow over time. If there were no stochastic shocks or policy changes, equilibrium prices,
output, consumption, stocks, trade and welfare would remain constant.

Non-linearity

Demand and supply curves are assumed to be non-linear. The responsiveness of production
and consumption to changes in prices is constant across a range of prices. This means that
consumption doesn’t fall dramatically as prices rise. Many, if not most, models use linear
schedules which permit readily obtained analytic solutions and avoid ambiguous welfare re-
sults, dependent for example on particular parameter values. However, linear models do not
portray the price shocks that are observed in the grains market from time to time.

Public and private stock functions

Public and private stocks are modelled separately. Private stockholders are assumed to re-
spond to commercial incentives, whereas government stocks seem to depend more on price
bands. Private agents, including farmers, hold stocks if the expected gain in prices exceeds
the cost of storage between the periods. Governments are assumed to set price bands, buy-
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ing all or much of the available supply if prices fall below a specified minimum (such as the
intervention price in the European Union) and quitting stocks when prices rise above a
given level.

Domestic and world price linkages

The existence of non-tariff barriers, such as quotas and variable levies, implies that domes-
tic prices in many countries do not move in line with world market prices. Estimates of the
relationship between movements in world and domestic prices are used to link the two
prices. This is an important policy variable influencing the price stability of both sets of
prices.

Differentiated producer and consumer prices

Producer and consumer prices are modelled separately, reflecting the presence of taxpayer-
funded assistance to producers or consumer subsidies or taxes.

Welfare measures

The model calculates the consumer, producer and taxpayer gains and losses. Additional
measures include a risk premium, which takes into account the proportion of expenditure
spent on wheat, the responsiveness of consumer spending to changes in income and the (as-
sumed) degree of averseness to risk. The degree of risk aversion is considered an important
variable in determining the desirability or otherwise of certain policy changes. The greater
the risk aversion, the greater the importance of stable prices.

The model has ten regions (see box 2), chosen to reflect the degree of similarity between
countries in each region while limiting the number to manageable proportions. Of particular
interest are the policies of the two major exporters, the United States and the European Un-
ion. Policies in these countries regarding producer support, stockholding and export subsi-
dies have tended to dominate the world’s grain trade in recent years, and significant policies
reforms remain to be implemented. Many importing regions also have policies which insu-
late and/or protect their markets. However, their stockholding policies tend to favour mini-
mal stocks or are unresponsive to price changes.
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The data

Base period price and quantity and price data for the ten regions are shown in table 5. The
year 1994 was selected as the base year, the most recent for which price, quantity and pol-
icy data are available and reasonably representative. The price movements of 1995 and
1996, rule out these years as a representative base period. The base data indicates that al-
though the United States, the European Union and the three other major exporters (Canada,
Argentina and Australia) account for almost all the exports, they contribute to only 36 per
cent of total production of 525 mmt. Furthermore, ending stocks in 1994 in exporting coun-
tries amounted to only 28 per cent of total stocks. Net importing regions hold most of the
world’s stocks. Notably, however, this does not include Sub-Saharan Africa, where stocks
amounted to 0.09 mmt in 1994 compared to production of 0.31 mmt.

Of particular interest is the variability in production. This stems mainly from variations in
yield and minimally from variations in area cropped. To assess variability it is necessary
first to remove the trend. Global average wheat yields increased from 1.15 tonnes per hec-
tare harvested in 1960 to 2.44 in 1994. The data underlying figure 10 show the standard de-
viation in the residuals of annual yields from a linear 38 year trend in each region. Assum-
ing yields are normally distributed, it can be expected that they would fall within one stan-
dard deviation of the mean with a probability of 0.68. When multiplied by 1994 production
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TABLE 5: Wheat baseline data, 1994

Producer Consumer

Consumtion Production Exports Stocks prices prices

mmt : ------ % of world -------

United States 33 63 32 14 142 119
European Union (15) 69 85 14 12 157 129
Other Exporters 9 43 36 8 113 104
Other Europe 83 81 -11 21 110 110
Latin America 28 20 -6 3 85 85
China 110 99 -9 22 97 97
South Asia 83 79 2 15 95 95
Other Asia 21 1 -20 3 382 382
Sub-Saharan Africa 1 0 -1 0 205 205
Rest of World 89 53 -33 21 125 <125
Total 547 524 0 118 - -

Source: USDA 1997, FAO 1997¢, OECD 1997.

for the United States, for example, the likely annual harvest would be within 15 per cent or
9.24 mmt of 63.17 mmt in two-thirds of all years.

Prices

The. model is calibrated around a world indicator price (US ex Gulf) of US$134 per tonne.
Domestic producer and consumer prices are based on OECD data on producer and con-
sumer subsidy equivalents for the exporter countries, and from data on production and ex-
port subsidies and import tariffs from the GTAP Version 3 database (McDougall 1997, chp
4.) for the remaining countries. These data represent policy measures prior to the imple-
mentation of any Uruguay Round commitments, and of course vary with market conditions.
The rise in world prices in 1995 and 1996 saw a narrowing of world and domestic prices in
most regions. Notable from the price data in table 5 is the amount of consumer support to
producers, the high prices in Other Asia (lead by Japan) and the relatively high prices in
Sub-Saharan Africa. In the latter region, average import tariffs are 94.5 per cent for wheat.

Y e S
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FIGURE 10: Annual wheat yield variability
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Production shocks may be correlated across regions because of the impact of global weather
phenomena, such as the El Nino effect. However, there is little evidence of this at this level
of aggregation. An analysis of the covariance between regional yields (see table 6) indicates
that there is little relationship between deviations of yields from trend. While more sophisti-
cated analysis, using cointegration for example, may reveal some less obvious relationships,
it is assumed in the model that production shocks are independent of one another.

Table 6: Regional wheat yield covariances, 1960-97

us EU OEx OEu CH SA OA SSA
United States 0.023
European Union 0.000 0.047
Other Exporters 0.000 -0.001 0.027
Other Europe 0.000 -0.002 -0.001 0.073
Latin America -0.004 0.017 0.007 -0.009
China 0.006 0.019 0.005 -0.008 0.036
South Asia 0.000 0.000 0.001 0.000 0.003 0.006
Other Asia 0.001 0.026 -0.008 0.024 0.031 0.004 0.077
Sub-Saharan Africa -0.004 -0.005 0.001 0.005 -0.003  0.001 0.006 0.011

Rest of World not included.
Source: Derived from USDA 1997.
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A noteworthy although rather obvious point is that world average variations in yield are
much less than variations in regional yields, illustrating the scope for trade to smooth out
fluctuations in production.

The United States and ‘Other Exporters’ (Canada, Australia and Argentina combined) have
a more predictable yield (variance of 0.023 and 0.027 respectively in table 6) than the
European Union (0.047). This implies that if trade liberalisation were to lead to a relocation
of production away from Europe, the variability in production may decrease for this reason
alone. (This ignores the possibility that the more marginal areas coming into production
may be more variable than average).

Base period parameters and policy data

Parameters are from several sources. Demand, supply, income and transmission elasticities
are from FAQO’s continually updated World Food Model. (See FAO (1993b) for model de-
scription. Data are available on request from FAQO.) Regional aggregations are weighted for
‘Other Exporters’ and representative values are used for others. In many cases several
countries within a region are given the same elasticity within WFM.

TABLE 7: Wheat baseline parameters

Transmis-

Demand Supply Income  Expendi- sion Transport  Storage

elasticity elasticity elasticity ture share elasticity costs costs

US$/t %

United States -0.09 0.50 -0.30 0.02 0.80 0 0.17
European Union -0.15 0.70 -0.30 0.03 0.30 0 0.17
Other Exporters -0.20 0.60 -0.20 0.04 0.80 0 0.17
Other Europe -0.15 0.70 -0.20 0.13 0.25 15 0.20
Latin America -0.40 0.58 0.40 0.05 0.30 29 0.20
China -0.10 0.17 0.30 0.72 0.20 29 0.20
South Asia -0.30 0.23 0.50 0.52 0.20 29 0.20
Other Asia -0.55 0.30 0.50 0.04 0.20 23 0.20
Sub-Saharan Africa -0.60 0.60 1.00 0.02 0.30 29 0.20
Rest of World -0.20 0.50 0.50 0.17 0.20 23 0.20

Source: FAO 1993b, McDougall 1997, Sarris 1997, and derived.

Expenditure shares are derived from price and consumption data from table 5 and estimates
of national private consumption expenditure from the GTAP data base (McDougall 1997,




table 17.1). Observations for China and South Asia appear rather high, overestimating the
benefits of stability. This probably reflects unreported expenditure in these countries.

Transmission elasticities taken from the World Food Model indicate the link between do-
mestic and international prices. The estimates imply that only in the United States and the
‘Other Exporters’ regions do domestic prices follow international prices closely, indicating
that substantial degrees of insulation exist in the world wheat market. This is coupled with
the high levels of protection indicated by the divergence of prices in table 5.

Transport costs

Transport costs from exporters to importers are taken from table 2, where applicable, and
otherwise assumed to be 19 per cent of the export price, following the general estimate in
version 4 of the GTAP database (unpublished). Transport costs are relatively low to the es-
tablished markets in ‘Other Europe’, ‘Other Asia’ and ‘Rest of World’. As these parameters
remain unchanged in the model, their precise value is not of importance for this analysis.

Storage costs

The costs of storage include interest on the value of the stocks, the interest and depreciation
of the physical storage facilities, the variable costs required to keep the grain at a appropri-
ate moisture content and an allowance for possible spoilage and, perhaps, theft. Annual
storage costs in exporting countries are assumed (following Makki, Tweeten and Miranda
1996, p. 882) to be 7 per cent of current price to reflect real interest charges plus 10 per cent
of baseline prices to represent physical storage costs. Costs in developing countries tend to
be higher than in the exporting countries because of the lack of good quality storage facili-
ties, the lower quality training received by storage personnel and the higher temperatures in
tropical countries that encourage insect pests. Importing region storage costs are higher re-
flecting an 8 per cent interest rate plus 12 per cent physical storage costs and losses.

Government storage costs are difficult to ascertain because most stabilisation schemes in-
clude other functions in addition to storage, including transport, handling and insurance,
and most often have other objectives, such as producer income support. Islam and Thomas
(1996, p. 81), in an assessment of several Asian countries, report that public storage costs
are generally higher than private storage costs. In the model used here, government storage
is not dependent on costs. To calculate welfare effects, government storage costs are as-
sumed to be similar to private costs.




Government stockholding

Several parameters relating to government stockholding, are common to all or most regions
of the model (see table 8). The commonality reflects the absence of good quality data rather
than any belief that these parameters are invariant across countries or over time. The size
and symmetry of the price bands are the crucial assumptions.

Table 8: Common government stockholding parameters

US & EU Others
Initial ratio of private to total stocks , 0.47 0.47
Govt stock capacity constraint % 100 150
Initial govt. price bands % 10 10
Govt stock coefficient 10 5

The global share of private to total stocks was estimated at around 47 per cent in the early
1990s (see table 1), and this figure has been applied to all countries. As the marginal cost of
private stockholding is assumed constant, this is not an important factor affecting the re-
sults. The constant marginal cost assumption requires that constraints be imposed on gov-
ernment stockholding to accommodate extreme shocks. Importers are assumed to be con-
strained to 150 per cent of their maximum value over the last 30 years, allowing adequate
scope to build additional capacity in response to falling stocks in exporting countries. This
approach limits the stocks held in some instances but also lowers the calculated costs of
storage. The constraint is 100 for the United States and the European Union, where the
policies are to move away from government stockholding in the long run.

The degree of government stockholding is determined by the price bands and the respon-
siveness in stock purchases or sales when these price levels are reached. The price bands are
the policy instrument by which the government controls stock levels. The aim should be to
set bands sufficiently narrowly to prevent producers or consumers being severely affected
when prices go too low or too high, and sufficiently wide to allow price fluctuations that
will encourage the private sector to play a role. In their analysis of several Asian stabilisa-
tion schemes, Islam and Thomas (1996) assume symmetric price bands of 12 per cent
around the reference price, the long term trend in the border price. They note that price
bands are often set in an ad hoc fashion, sometimes the result of political judgements (p.
46).

The second determinant of the impact of a stabilisation scheme is the government decisive-
ness when price bands are reached. If the government buys all available grain when a low




price is reached, a floor is placed in the market. If private traders do not believe the gov-
ernment has the will or financial capacity to shore up the market, they may speculate
against the government and sell rather than buy stocks when prices are low, pushing them
down further. If public stocks are low, private traders may buy stocks offered for sale at
high prices in the belief that prices will rise even further. Speculation, in conjunction with
government action lacking transparency, may destabilise the market. It is assumed here that
most governments perform this function quite well, and buy up 5 per cent of available sup-
ply when prices fell 1 per cent. The United States and the European Union are assumed to
set and defend absolute limits, buying and selling to keep prices within proscribed bounds.
A coefficient of 10 ensure this.

Expectations and risk aversion

In most cases producers must make their planting decisions before they know the season’s
price. The price they expect to receive is assumed here to be an combinations of past prices,
weighted to place prominence on the more recent values. In general, the faster producers re-
spond to a shock, the more stable prices become. On the other hand, lagged effects reduce
the magnitude and increase the duration of a one-off shock by spreading its impact. In this
analysis, the weights are the same for all countries and all periods at 0.6, 0.3 and 0.1 for
one, two and three period lags respectively. Although arbitrary, these parameters seem rea-
sonable, and varying them within moderate bounds did not seem to have much impact on
stability.

Private stockholders must also form expectations of prices. However, they have the advan-
tage of making their storage decision after the harvest is completed. Their estimation of
next year’s price takes into account the current price. The price expectations equation and
assigned weights are the same as for producers.

A key variable determining the value of stable prices is the degree of aversion to risk. Most
producers would prefer a certain income of (say) $95 than an income of either $80 or $120
which occurs with equal probability. Although the expected income is higher in the second
case, risk averse farmers would prefer the lower outcome which has greater certainty. The
greater the difference between the certainty equivalent and the expected mean ($5 in this
illustration) the greater the degree of risk aversion. Gamblers are risk-takers, and would be
characterised by a certainty equivalent greater than the expected mean price. The existence
of lotteries side by side with insurance markets demonstrates that individuals may be both
risk-takers and risk averse. However, when much is at stake risk aversion tends to increase.
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Producers in poor countries, where a bad crop may lead to impoverishment or worse, are
sometimes thought to be more risk averse than in developed countries. Coefficients of rela-
tive risk aversion values are typically estimated between O (risk neutral) and 4 (extremely
risk averse). A value of one is used in this study for exporting countries, and two for im-
porting countries’. These are national or regional aggregates, and do not imply that indi-
viduals or groups may not have quite different degrees of risk aversion.

The scenarios

Six scenarios of the international wheat market are presented.

1 Baseline

This represents the base simulation in which all regions apply the insulating and protec-
tionist trade policies current in 1994 and operate pure price band stabilisation schemes that
are unbiased towards producers or consumers.

2 Tariffication

All governments convert their insulating policies to tariffs, while maintaining the same
level of protection. This is implemented in the model by adjusting the equation linking do-
mestic to world prices. The slope variable, the transmission elasticity, in the price linkage
equation is set to one so that domestic prices vary directly with world prices. The constant
term is adjusted to maintain the baseline differential between domestic and world prices.
Transport costs are retained. When compared with the baseline, this simulation shows the
contribution of insulating policies to instability.

3 Trade liberalisation

All governments remove border protection and consumer subsidies or taxes on wheat. Apart
from the transport cost differential, domestic consumer and producer prices are equated to
and vary with world prices. For importing countries transport costs lead to a constant mar-
gin between domestic and world prices. In the price linkage equation the slope variable is

! An economic interpretation of this value is given in the appendix.
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set to one and the first constant term to zero. This simulation shows the relatively minimal
impact of protection, as opposed to insulation, on instability.

4 No government stocks in exporting countries

This simulation refers to a diminished role for exporter governments in stockholding. These
governments are assumed to maintain zero stocks. Baseline trade policies are maintained.
Of interest here is the impact on price stability, and on the stocks held by other governments
and the private sector.

5 No government stocks in all countries

All governments cease stockholding. Trade policies are maintained. The extent of crowding
out of the private sector by the public sector can be estimated from this extreme simulation.
The impact of public stockholding as a whole on price stability can be gauged.

6 Complete liberalisation

Border and domestic protection on wheat is removed as in scenario 3 and government
stockholding is eliminated as in scenario 5. Transport costs still drive a wedge between
world and domestic prices. This illustrates whether liberalised markets can provide the price
stability hitherto provided by governments.

To simulate the model a set of 500 random production shocks is generated for each region.
The same shocks are used in each scenario. A market clearing world price, at which global
imports equal global exports, is found by numerical iteration and domestic prices, quantities
and welfare are calculated sequentially for each year. Results are presented in the following
chapter.
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5. Impacts of policy reform

The baseline

A baseline or reference simulation is obtained initially as a basis for further comparison.
Regional producer prices, their coefficient of variation (the standard deviation divided by
the mean) and private and government stocks are shown in table 9, and a chart of prices and
stocks for the first 100 simulations is presented in figure 11.

TABLE 9: Simulated baseline

Price Government
Producer price variability* Private stocks stocks
$it mmt

United States 201 0.22 11 14
European Union (15) 230 0.07 7 11
Other Exporters 156 0.28 11 14
Other Europe 161 0.08 10 18
Latin America 136 0.12 2 6
China 156 0.07 10 18
South Asia 153 0.07 7 12
Other Asia 577 0.02 1 2
Sub-Sahara Africa 315 0.05 0 0
Rest of World 192 0.06 10 14
World 134 0.40 69 109

*coefficient of variation.
Source: Model simulations.

World prices in the baseline vary up to $399 per tonne, with a coefficient of variation of
0.40. As there is no trend in prices, the coefficient of variation is a suitable measure of price
stability. The variability simulated in the baseline is somewhat higher than that observed in
the real wheat price series from 1970-97, where the coefficient of variation amounted to
0.33. This reflects to some extent the lack of opportunities for substitution in a single com-
modity model. The simulated degree of variability implies that prices are expected be
within $108 (2 standard deviations) of $134 around 477 occasions out of 500. These data
reflect the magnitude of the transmission elasticities, which link local and world markets
and domestic production shocks. Countries with low transmission elasticities, such as Other
Asia and the European Union, tend to have low domestic price variability. World prices are
more variable than most domestic prices because of the insulating policies, which lead to
adjustments having to occur in this residual market.
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FIGURE 11: Simulated baseline real wheat prices and stocks
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Global stocks in the baseline fall as low as 72 mmt, 15 per cent of consumption and close to
the recently observed low of 14 per cent reported in table A4. As figure 11 illustrates,
stocks move inversely to prices, as would be expected, but to a greater degree than actual
data (figure 7, chapter 3). This reflects the deterministic mean in the model. In reality the
real, underlying mean may vary stochastically.

The reasonable congruence between simulated prices and stocks with the observed data
suggests that the demand and supply function elasticities and curvature may be about right,
and therefore the model may provide some realistic insights into what may happen if the
simulated policy changes were to occur. Nonetheless, the data in the baseline are best used
for comparative purposes with other simulations, and little should be inferred from their ab-
solute magnitudes.

Tariffication

Trade liberalisation has a price stabilising effect similar in some ways to storage. However,
it is not liberalisation per se but the removal of insulating policies that improves stability.
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Even when large differentials between domestic and world prices are maintained, the link-
ing of domestic price movements to world price movements spreads the burden of adjust-
ment to production shocks across all markets. The impact of complete tariffication is shown
in table 10. Compared to the baseline, world price instability is more than halved from a co-
efficient of variation of 0.40 to 0.13, a reduction of 68 per cent. Domestic prices become
more variable in the European Union and all importing regions. The lower domestic price
variability in some regions, especially in the United States and ‘Other Exporters’, provides
less commercial incentive to hold stocks and dominates the reverse effect in other countries.
Overall, private stocks fall 13 per cent to 60 mmt. The opposite effect occurs with govern-
ment stocks, the largest contributor to the increase being the ‘Rest of World’.

TABLE 10: Tariffication: change from baselin

) Govt. stor-
Producer Price Private Govt. age costs
price variability* stocks stocks Us$m

------------------------- per ¢ent ==-===messmsmmmmmmnnamnnen
United States 0 -59 -41 -6 159
European Union (15) 0 14 1 2 10

Other Exporters

0 -59 -56 13 325
Other Europe 0 37 6 -2 -38
Latin America 0 14 11 -6 -43
China 0 73 0 -4 <77
South Asia 0 73 -1 -7 -61
Other Asia 0 71 0 -81 -150
Sub-Saharan Africa 0 14 0 16 1
Rest of World 0 72 0 59 276
World 0 -68 -13 5 401

*coefficient of variation.
Source: Model simulations.

Changes in consumer and producer surpluses from the baseline are minimal, as domestic
prices are unchanged. Government storage costs in table 10 reflect the levels of public car-
ryover stocks. These estimates include the trading profits from buying at low prices and
selling at higher prices. When price variability is reduced speculative gains tend to fall, in-
creasing the net costs. This occurs in the United States and ‘Other Exporters’, increasing net
storage costs in these regions.
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The conclusion that can be drawn from this simulation is that tariffication has the potential
to deliver a substantial increase in world price stability without requiring a decrease in pro-
tection. However, domestic price stability worsens in most regions.

Trade liberalisation

Removal of border protection reduces domestic prices in those countries, such as the United
States, the European Union, Other Asia, and Sub-Saharan Africa, in which the wheat in-
dustry is highly supported. World prices rise as do domestic prices in several countries.
With prices in all countries moving together, domestic price variability is the same in all
countries, with a coefficient of variation of around 0.1. This amounts to a reduction in some
countries but a significant rise in Other Europe and Other Asia, albeit from a low base. Pri-
vate stocks are below baseline levels in most regions but are higher in the European Union
and Other Europe, reflecting the increase in variability in these regions. Overall, private
stocks are down 12 per cent. Government stocks are held more evenly in the presence of
perfect price transmission. With all prices moving together, price variability can be ab-
sorbed by any country. In such a world, the costs of providing the public good of global
price stability is more equally shared.

TABLE 11: Trade liberalisation: change from baseline

Price Con- Govt.
Producer varia- Private  Govi. sumerProducer storage Net
price  bility* stocks stocks surplus surplus  costs welfare
per cent US$m
United States -14 -48 -41 1 922 -1641 23 1152
European Union (15) -25 60 14 -18 3939  -4339 -187 1374
Other Exporters 11 -59 -55 3 -148 710 267 997
Other Europe 17 23 9 1 -2210 2264 81 -92
Latin America 48 -19 14 7 -1661 1546 107 -38
China 29 39 0 0 -4903 4695 133 -300
South Asia 32 37 -1 1 -3813 4033 113 126
Other Asia -66 432 0 -28 10331 -395 -144 1784
Sub-Saharan Africa -36 88 0 31 135 -32 -1 -8
Rest of World 2 77 0 62 -323 198 189 -1544
World 29 -72 -12 7 2269 7037 579 3452
*coefficient of variation.

Source: Model simulations.
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With changing prices, significant transfers between consumers and producers occur. In ad-
dition, government border taxes and subsidies also change. The gains from cheaper wheat
in Other Asia, where most grain is imported and prices were previously 382 per cent of
world prices, outweigh the consumer losses elsewhere, leading to a positive change in
global consumer surplus. In the major exporting countries, producer losses outweigh the
benefits to producers because of the removal of taxpayer funded support. Finally, storage
costs per tonne have fallen because the interest charge is reduced with the lower prices in
some countries. Grain costs less to buy. Furthermore, the less variable prices in the United
States and ‘Other Exporters’ lead to reductions in the speculative gains from storage.

The contribution of savings in storage costs to the change in global welfare (which includes
changes in government revenue not shown here) is slight — only 17 per cent. Most of the
gains accrue to the developed countries who undertake the most liberalisation.

The conclusions drawn from this scenario are that trade liberalisation can significantly re-
duce world price instability, but most of this comes from tariffication rather than the reduc-
tion in protection. The harmonisation of domestic price movements across countries high-
lights a public good problem in the provision of global stocks and price stability.

Reduction in government stocks in exporting countries

The fourth simulation involves the exporting regions the United States, the European Union
and ‘Other Exporters’ implementing a policy of no government stockholding. The impacts
are shown in table 12. Average prices are hardly affected by the change, but price instability
increases by 40 odd per cent in each region. Prices in the residual world market remain, as
in the baseline, much less stable than domestic prices with a coefficient of variation of 0.57.

Global government-held stocks are reduced by 33 mmt (31 per cent) to 76 mmt. In re-
sponse, global private stocks increase by 9 mmt (13 per cent), less than the magnitude of the
increase in price instability which drives the change, and only partially (28 per cent) com-
pensating for the fall in government stocks. This is the crowding out coefficient. Most of
the increase in private stocks occurs in exporting countries, with low transmision elasticities
limiting the spread of instability. Consumer and producer surplus measures are hardly af-
fected by the policy, because average prices are unchanged. However, the consumer risk
premium has doubled. Storage costs are reduced by around $20 per tonne in exporting
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countries, and the remaining governments active in public storage increase their speculative
gains as a result of the increased instability. Other welfare effects are insignificant.

In summary, this simulation indicates that if exporter governments relinquish stockholding,
price instability will increase somewhat but not enough to encourage an offsetting response
from the private sector or other governments. Government stockholding behaviour does not
appear to crowd out the private sector to any great extent.

TABLE 12: Exporter government stockout: change from baseline

2

Price Con- Govt.
Producer varia- Private  Govi. sumerProducer storage Net
price  bility* stocks stocks surplus surplus  costs welfare
per cent Ussm

United States 0 42 28 -100 -28 52 -302 331

European Union (15) 0 43 28 -100 -21 26 -400 411

Other Exporters 1 42 29 -100 -8 35 -87 121

Other Europe o] 42 5 -7 -22 21 -119 113

Latin America 0 42 28 -4 -9 7 -67 58

China 0 43 0 2 -23 21 -6 -2

South Asia 0 43 0 -2 -17 17 -18 16

Other Asia 0 43 0 -80 -4 0 -149 127

Sub-Saharan Africa 0 43 0 39 0 0 2 -2

Rest of World 0 43 0 61 -19. 1 293 -329

World 1 42 13 -31 -151 190 -853 843
*coefficient of variation.

Source: Model simulations.

No government stockholding in all countries

The minimal crowding out effect detected in the previous scenario is highlighted in this one
where there is no scope for other governments taking up the role of those relinquishing
stockholding. In the absence of all government storage globally, world price variability in-
creases 150 per cent, inducing an increase in private stockholding in most countries. The
global 33 per cent increase amounts to only 23 mmt or 21 per cent of the reduction in public
stocks (table 13). The location of stocks still tends to be in the exporting countries, where
storage costs are cheaper and the price variability is greater. As price levels are similar to
the baseline levels, the changes in consumer and producer surpluses are minimal. Govern-
ment storage costs are, of course, reduced to zero.
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TABLE 13: Government stockout in all countries: change from baseline

Price Con- Govt.
Producer varia- Private  Govt. sumerProducer storage Net
price  bility* stocks stocks surplus surpius  costs welfare
per cent ussm

United States 2 155 63 -100 -160 299 -302 444

European Union (15) 1 159 61 -100 -123 152 -400 632

Other Exporters 3 153 66 -100 -44 202 -87 319

Other Europe 1 158 32 -100 -126 121 -561 491

Latin America 1 157 63 -100 -50 38 -144 9

China 1 159 -1 -100 -132 122 -561 334

South Asia 1 159 -1 -100 -99 97 -352 210

Other Asia 0 160 0 -100 -25 1 -183 -80

Sub-Saharan Africa 1 159 -1 -100 -2 1 -5 -5

Rest of World 1 159 -1 -100 -107 65 -516 -29

World 5 150 33 -100 -868 1099 -3110 2323
*coefficient of variation.

Source: Model simulations.

Complete liberalisation

It is difficult to envisage the removal of government from agricultural, trade and stabilisa-
tion policy, commonly espoused as it is. Nonetheless, simulating a world in the absence of
agricultural support, trade barriers and government stockholding provides a useful indicator
of the potential gains to be had or foregone. Results are reproduced in table 14.

The removal of trade protection lifts world prices by 31 per cent to $175. Reforming gov-
ernment policies in these three areas simultaneously would reduce price variability by 40
per cent below the baseline levels. However, compared with the baseline, domestic price
variability increases in all regions except ‘Other Exporters’, reflecting the muted response
of the private sector. Private stocks increase 6 per cent to 73 mmt. As in the previous sce-
nario, private stocks tend to be held where the costs are lowest, in the exporting countries.
With perfect price transmission, the benefits of storage are transmitted instantaneously to
the world. The consumer and producers gains and losses reflect the changes in protection
and domestic prices, as described in scenario 3. Producers would benefit in all importing
regions, except Other Asia and Sub-Saharan Africa, from rising prices, and taxpayers from
lower subsidies and storage costs. Consumers in six regions would be worse off from com-
plete liberalisation, but significant gains in Other Asia imply that, globally, consumers
would also benefit. Once again storage costs are reduced by around $29 per tonne alto-
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gether, with the gains distributed quite evenly among both importers and exporters. The re-
duction in net storage costs contributes almost half of the gains in net global welfare.

TABLE 14: Complete liberalisation: change from baseline

Price Con- Govt.

Producer varia- Private  Govt. sumerProducer storage Net
price  bility* stocks stocks surplus surplus  costs welfare

------------------ per cent US$m
United States -13 13 -33 -100 868 -1549 -302 1515
European Union (15) -24 247 65 -100 3824  -4228 -400 1584
Other Exporters 12 -12 -35 -100 -163 781 -87 1408
Other Europe 18 168 56 -100 -2342 2408 -561 562
Latin America 49 76 67 -100  -1699 1589 -144 218
China 30 203 -1 -100  -5076 4866 -561 392
South Asia 33 197 -2 -100  -3935 4173 -352 607
Other Asia -66 1056 0 -100 10270 -394 -183 1762
Sub-Saharan Africa -36 308 -1 -100 133 -31 -5 -6
Rest of World 3 284 -1 -100 -466 286 -516 -894
World 31 -40 6 -100 1414 7901 -3110 7149

*coefficient of variation.
Source: Model simulations.

In this extreme scenario it is noteworthy that at no time in 500 years (simulations) does a
stockout occur. Global stocks reach a minimum of 11 mmt, just over 2 per cent of utilisa-
tion. At such time (real 1994) prices rise to $313, double the mean and no higher than the
levels observed in the 1970s. However, analysing such extreme shocks is stretching the
credibility of the model. There is little evidence on which to base how agents would act in
such circumstances.

Income stability

The emphasis in this analysis so far has been on price stability, but in reality producers, if
not policy makers, are likely to be more interested in income stability. Price stabilisation
can destabilise incomes if domestic prices and quantities are induced to move together
rather than in opposite directions. Income variability in the baseline is greater than price
variability in all regions, and more so in those regions with insulating trade policies, char-
acterised by low transmission elasticities, such as the European Union, Other Europe and
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Other Asia (table 15)1. In the extreme case, ‘Other Exporters’, the standard deviation of in-
come from wheat amounts to a third of the mean. The impact of complete liberalisation (in-
cluding the absence of government storage) on price and income stability is shown in figure
12. Each observation shows the difference in varibility between the two scenarios. Liberali-

TABLE 15: Baseline price and income variability*

Price Income

cv cv

United States 0.22 0.26
European Union (15) 0.07 0.22
Other Exporters 0.28 0.35
Other Europe 0.08 0.26
Latin America 0.12 0.21
China 0.07 0.17
South Asia 0.07 0.09
Other Asia 0.02 0.24
Sub-Saharan Africa 0.05 0.10
Rest of World 0.06 0.18

* The coefficient of variation is the standard deviation divided by the mean.

FIGURE 12. Impact of complete liberalisation on price and income variability
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! The absence of cost data precludes the calculation of net incomes. These would be more variable than gross incomes.
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sation increases both domestic price and income varibility, but the later is increased to a
much lesser extent, and in some cases reduced. After liberalisation, regional income stabil-
ity depends to a greater extent on production variability, as all regions face a fairly elastic
demand curve, and hence have limited scope for influencing prices.

Risk premium

Incomes are also important on the demand side, and risk premia are a measure of the im-
portance of price variability to consumers in different circumstances, that is, different in-
come and price elasticties and expenditure shares. The estimated values that consumers in
different countries would pay to avoid the calculated price variability under the alternative
scenarios are presented in table 16. For example, rather than experience the degree of insta-
bility simulated in the baseline, US consumers would be willing to pay an extra $0.09 per
tonne for complete stability. Where the price variability is the same across all regions, as in
the liberalisation scenario, the risk premia still varies considerably. For a given region, or
set of parameters, the premia increase linearly with the standard deviation of the prices.

TABLE 16: Risk premium under alternative scenarios, $/t

No Govt. Complete

Liberal- siorage-  No Govi. libera-

Baseline Tariffication isation  exporters storage - all lisation

United States 0.51 0.09 0.12 1.04 3.42 0.58
European Union (15) 0.11 0.14 0.21 0.22 0.74 0.99
Other Exporters 1.46 0.25 0.27 2.96 9.63 127
Other Europe 0.25 0.46 0.44 0.50 1.67 2.09
Latin America 0.47 0.60 0.45 0.95 3.12 2.16
China 0.50 1.47 1.25 1.02 3.38 5.97
South Asia 0.41 1.22 1.02 0.84 2.80 4.85
Other Asia 0.06 0.18 0.60 0.13 0.42 2.85
Sub-Saharan Africa 0.26 0.33 0.58 0.52 1.74 2.76
Rest of World 0.14 0.41 0.44 0.28 0.94 2.11
Average* 0.33 0.71 0.66 0.68 2.23 3.12

*Weighted by consumptions shares.
Source: Model simulations.

In these simulations, all values are positive, implying that the average consumer would pre-
fer more stable prices. The considerable variation across countries illustrates the importance
of accounting for differences between regions. This variation persists even when instability
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is the same across countries, as in the liberalisation scenario. However, the risk premia are
rather small, even in the worst case, and are somewhat insignificant beside the transfers in-
volved in policy changes such as liberalisation. Changing the coefficient of relative risk
aversion, set here to one for developed countries (exporters) and two for developing coun-
tries (importers), does not greatly affect this conclusion.

In summary, the empirical results presented in this chapter suggest that government stock-
holding has significantly increased global stocks, and in doing so significantly reduced do-
mestic price variability. The impact of other government policies in creating world price in-
stability is also significant. Removing government involvement in grain storage and policy-
induced trade distortions is estimated to leave world price stability well below baseline lev-
els.

Valuing the costs and benefits of public storage is more difficult. Storage involves signifi-
cant costs that would not accrue under alternative policies. The benefits from stabilisation
would seems to be quite small, certainly far less than the transfers involved in policy
changes.

The major policy variable is the price bands used to guide government stockholding be-
haviour. In the standard scenario governments permit prices to fluctuate 10 per cent each
side of the long run mean, which is known and constant in this case, but not in reality. This
variable is theoretically observable, but changes from time to time and varies from country
to country within a region. Loosening these bands would increase domestic instability but
may decrease world price instability in the residual world market. However, when all coun-
tries loosen these bands together the effect is an increase in instability. The coefficient
variation of world prices rises from 0.40 to 0.49 with 15 per cent price bands, and to 0.54
with 20 per cent price bands. With no operative price bands, the coefficient of variation is
1.01.

TABLE 17: World price stability* under alternative assumptions, $/t

Baseline 0.40
Baseline with halved demand elasticities 0.63
Baseline with two period price expectations 0.62
Baseline with 15 per cent price bands 0.49
Baseline with 20 per cent price bands 0.54
Complete liberalisation 0.24
Complete liberalisation with halved demand elasticities 0.31
Complete liberalisation with 15 % price bands 0.36

*coefficient of variation.
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Some qualifications

Although the results presented here are based on a reasonably disaggregated data set and are
consistent with intuition, several refinements to the model would provide greater confidence
in the results and the insights it provides.

Single commodity models ignore the interactions between wheat, coarse grains and rice,
between grains, oilseeds and livestock, and between the agricultural and other sectors. In-
cluding other commodities and sectors tends to flatten the supply and demand curves,
making prices less responsive to changes in production. For these reasons the current model
would tend to overestimate instability.

Welfare calculations are sensitive to the degree of curvature of the demand and supply
functions. Obtaining up-to-date, good quality estimates is a concern, and limits the robust-
ness of some of the conclusions about the magnitude of the welfare gains and losses. This is
particularly true where production shocks generate extreme prices and stocks. Although
econometrically estimated constant elasticities, assumed here, have been found to represent
the existing data moderately well, they may not hold for out-of-sample predictions. Pro-
ducer and consumer responses to price changes may in fact change in areas at the extremes
of the supply and demand curves.

The relationship between domestic and world prices is a simple linear function here, using
transmission elasticities estimated over many years. Specific detailing of current regional
policies, in particular quantitative restrictions, would likely change the magnitude of the
outcomes in individual regions. At present all importing regions are treated as if their poli-
cies operated in the same way. Without closer inspection it is difficult to predict how such
refinements would affect the results.

The modelling of government stockholding functions is an abstraction. Governments are as-
sumed here to be unbiased, concerned only with reducing risk, and to respond instantly in a
transparent fashion to changes in output. The price bands hypothesised here are assumed
rather than derived from actual policies. In reality there may be non-linearities, time lags
and policy changes in the relationship between output and stocks. In addition, policies are
assumed not to cater to other objectives, such as producer support or consumer price ceil-
ings. Few governments follow this approach in practice.
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Finally, the data on private costs of stockholding in different regions could usefully be re-
fined. Non-linear cost functions, reflecting sunk costs and capacity constraints, may better
represent reality.
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6. Implications and concluding comments

It appears that global grain stocks are not at crisis levels. A temporary rise in grain prices
occurred in 1995/96 as a result of the declining role of the US government in particular in
holding grain stocks, poor seasonal conditions in the United States and continuing growth in
demand in East Asia. However, rather than remaining at a higher plateau, as some had
feared, prices returned to trend, possibly due to the increased resilience and stability of the
world market. This may be due to factors other than trade liberalisation, as little has actually
occurred since the conclusion of the Uruguay Round. Changes in transport and communi-
cations, the location of production and consumption, financial markets and domestic poli-
cies are likely to have affected the relationship between stocks and price stability.

When contemplating the implications of the analysis, it is as well to bear in mind its inher-
ent limitations, particularly of the modelling results. In the absence of reliable data, judge-
ments inevitably have to be made concerning how producers and consumers will respond to
price changes, how governments may respond to supply shortages or changes in world mar-
ket conditions, and numerous other variables. In particular, the model refers to regional ag-
gregates, and ignores the plight of individual groups within countries. Model limitations are
discussed in greater detail in the previous chapter. While sensitivity analysis indicates that
the major qualitative conclusions are relatively robust, policy makers would be ill-advised
to base their decisions on modelling results, let alone those of just -one model. The results
are best used as a guide to identifying the key variables and relationships influencing the
outcome of government decisions.

Price variability normal

Statistical analysis indicates that once account is taken of structural change in the underly-
ing trend, there is some evidence that the world markets for wheat and maize are less stable
than in the 1980s. Rice prices are, however, more stable now than in earlier decades. The
recent price rise of grain is within the bounds of normality, even excluding the massive
price spike of the early 1970s.

Some stabilisation desirable

Recent price instability has focused attention on global grain stocks and the role of govern-
ment in maintaining adequate supplies. The ability to hold stocks effectively flattens the ag-
gregate demand curve, implying that the effect of a given production shock on price is dis-
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tributed over a number of periods. Storage, therefore, reduces the frequency of both low and
high prices, although it is often aimed at reducing the probability of sharp price rises. Some
stabilisation is likely to be optimal while producers or consumers are averse to risk. The
optimal degree of price stability depends largely on the costs of storage and the degree of
aversion to risk. It is estimated that the average consumer in most countries would pay only
two or three dollars per tonne to avoid currently observed degrees of price instability. How-
ever, in most countries there are individual consumers or groups who would be prepared to
pay more than this.

Governments have long believed that holding food stocks is too important a function to be
left to the private sector. And indeed, the existence of market failures, such as the absence
of functioning markets for credit, risk sharing and information, provide a rationale for gov-
ernment involvement.

Government action works

Government stockholding policies would seem to be effective in that they raise global
stocks above levels that would have reached in the absence of such a policy, and the impact
of the additional stocks is to reduce price stability. Simulations involving a reduction in
government stocks do not show a substantial offsetting effect in the private sector. This
means there is little crowding out.

However, this does not necessarily imply that public stockholding is beneficial. The bene-
fits of price stabilisation are rather low and the storage costs are quite high, around 17 per
cent of the purchase price in the best of circumstances, and in excess of the speculative
gains available in most cases. The physically ownership of stocks by governments is un-
likely to be the most effective unless government storage costs are lower than private costs,
and there is little evidence suggesting that this is the case. Moreover, it is the responsive-
ness of stockholders to changing market conditions that determines the stabilising affect of
storage, not the levels of stocks in themselves. Government agencies tend to be slower to
act than the private sector.

The appropriate role for government

Governments should address directly the market failures that result in insufficient stocks,
perhaps through the establishment and enforcement of property rights, the encouragement
of appropriate institutions such as credit and insurance markets, the provision of market in-
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formation, the enforcement of anti-trust requirements to limit monopoly pricing and other
initiatives. If such reforms are not possible cr insufficient, governments could subsidise pri-
vate stockholders.

Governments may have a role in facilitating risk management strategies, particularly where
farmers are unused to price fluctuations. Producers in many countries previously insulated
from world markets are unlikely to be adept at handling price risk. In a transitional period
while markets are liberalised, there may be a role for governments to implement programs
(for example, rural extension) and establish institutions (futures markets) to facilitate risk
management. The existence of alternative stabilisation mechanisms such as futures markets,
credit markets and income support schemes reduces the need for stabilisation. Improved
forecasting can also be an effective way of improving price stability.

Food security — a distributional issue

Where food security is the focus, the government’s role is to provide purchasing power to
the poorer sections of the community. Food security is not about global production, but the
distribution of economic and political power. Improving the physical distribution channels
through ports, roads and information systems will prove beneficial in reducing food insecu-

rity.

Direct producer support

Where the government objective is to provide income support to producers, this should be
done as directly and transparently as possible to minimise distortions and costs to other
sectors in the economy. The approach followed, for example, by the European Union and
the United States, of purchasing surplus production for storage and eventual sale on the
world market at subsidised prices, does not provide a good model for developing countries.

Trade as a substitute for storage

Trade liberalisation has a similar effect to storage. The removal of insulating policies
spreads the sharing of quantity adjustment across a greater number of markets, necessitating
less adjustment in prices. Although domestic prices may become more variable in some
countries, the effect on income variability is less pronounced. Thus, trade liberalisation
(specifically tariffication) reduces the need for storage through its stabilising effect on
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world markets. In a world with no government involvement in wheat trade or storage, esti-
mates indicate that world wheat price variability would fall below present levels. Attention
should therefore be focused on more fully implementing the existing Uruguay Round
Agreement.

Finally

In summary, there is little economic evidence to justify a direct role for governments in
holding stocks, unless they can perform this function more cheaply than other domestic or
foreign stockholders. Where market failure limits the capacity of private stockholders to
maintain adequate storage levels, governments should tackle directly the cause of market
failures rather than replacing the functions otherwise undertaken by the market. Where nec-
essary, food security concerns should be addressed directly by providing those at risk with
appropriate purchasing power to the extent possible. The ability to get available stocks to
the right places at the right time remains important if food security requirements at the na-
tional and household levels are to be met. Infrastructure developments, aimed at readily de-
ploying available stocks in times of need, could do much to assist food importing develop-
ing countries.
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Appendices

Appendix A Production, use and stock data

TABLE A1: World wheat production, use and stocks

Crop Ending Stocks/Use
Year Production Use Stocks Ratio

mmt %
1968/69 324 300 121 40
1969/70 304 322 104 32
1970/71 307 330 81 24
1971/72 344 335 89 27
1972/73 338 352 75 21
1973/74 366 358 83 23
1974/75 355 357 81 23
1975/76 353 347 87 25
1976/77 414 374 127 34
1977/78 378 396 109 - 28
1978/79 439 413 135 33
1979/80 418 432 121 28
1980/81 436 444 114 26
1981/82 445 445 114 26
1982/83 473 456 131 29
1983/84 484 469 147 31
1984/85 509 489 166 34
1985/86 495 490 171 35
1986/87 524 516 179 35
1987/88 496 525 150 29
1988/89 495 525 120 23
1989/90 533 532 121 23
1990/91 588 564 145 26
1991/92 543 559 128 23
1992/93 561 545 145 27
1993/94 559 562 142 25
1994/95 525 547 120 22
1995/96 538 552 105 19
1996/97E 583 578 110 19
1997/98P . 579 574 116 20

P — projected; E — estimated.
Source: USDA (1997).
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TABLE A2: World coarse grain production, use and stocks

Crop Ending Stocks/Use
Year Production Use Stocks Ratio

mmt %
1968/69 534 531 98 18
1969/70 558 558 98 18
1970/71 559 573 84 15
1971/72 617 601 100 17
1972/73 594 613 81 13
1973/74 659 660 81 12
1974/75 623 613 91 15
1975/76 641 637 95 15
1976/77 692 672 115 17
1977/78 691 681 125 18
1978/79 744 731 139 19
1979/80 736 733 141 19
1980/81 723 738 126 17
1981/82 759 734 151 21
1982/83 775 744 182 25
1983/84 678 749 111 15
1984/85 806 772 145 19
1985/86 832 768 209 27
1986/87 822 797 235 30
1987/88 784 804 215 27
1988/89 721 785 151 19
1989/90 791 814 128 16
1990/91 821 809 140 17
1991/92 803 810 134 17
1992/93 861 832 163 20
1993/94 790 830 123 15
1994/95 871 859 136 16
1995/96 799 839 95 11
1996/97E 902 877 119 14
1997/98P 899 895 124 14

P — projected; E — estimated.
Source: USDA (1997).




- 69 -

TABLE A3: World rice production, use and stocks

Crop Ending Stocks/Use
Year Production’ Use® Stocks® Ratio*

mmt %
1968/69 195 192 25 13
1969/70 201 199 26 13
1970/71 213 211 29 14
1971/72 216 217 28 13
1972/73 209 213 24 11
1973/74 228 223 29 13
1974/75 226 227 28 12
1975/76 243 232 39 17
1976/77 236 237 38 16
1977/78 251 244 44 18
1978/79 262 253 54 21
1979/80 257 257 54 21
1980/81 270 275 49 18
1981/82 278 283 43 15
1982/83 285 285 44 15
1983/84 307 303 48 16
1984/85 317 309 56 18
1985/86 318 319 54 17
1986/87 316 320 51 16
1987/88 315 321 45 14
1988/89 332 327 49 15
1989/90 344 338 54 16
1990/91 352 348 . 59 17
1991/92 355 357 57 16
1992/93 356 358 55 15
1993/94 356 359 ’ 52 14
1994/95 366 368 49 13
1995/96p 370 371 49 13
1996/97f 379 378 50 13

P — Preliminary; E - Forecast as of November 1996.

1. Production, stocks and utilisation are on a milled basis.

2. For countries for which stock data are not available, utilisation estimates represent apparent utilisation,
ie, they include annual stock level adjustments.

3. Stocks data are based on an aggregate of different market years and should not be construed as repre-
senting world stock levels at a fixed point in time. Stocks data are not available for all countries and ex-
clude the former USSR, North Korea, paris of Eastern Europe, and Vietnam. China’s reported rice stocks
are government-held stocks only and exclude privately-held stocks.

4. Stocks-to-use represents, the ratio of marketing year ending stocks to total utilisation.

Source: USDA (1997).
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TABLE A4: World grain production, use and stocks

Crop Ending Stocks/Use
Year Production Use stocks Ratio

mmt %
1968/69 1053 1022 244 24
1969/70 1063 1079 228 21
1970/71 1079 1114 193 17
1971/72 1177 1153 217 19
1972/73 1141 1178 180 15
1973/74 1253 1241 192 15
1974/75 1204 1196 200 17
1975/76 1237 1216 220 18
1976/77 1342 1283 280 22
1977/78 1320 1321 279 21
1978/79 1446 1397 328 23
1979/80 1411 1422 316 22
1980/81 1429 1457 289 20
1981/82 1482 1462 308 21
1982/83 1533 1484 357 24
1983/84 1469 1520 306 20
1984/85 1632 1571 367 23
1985/86 1645 1577 434 28
1986/87 1663 1632 465 28
1987/88 1595 1650 410 25
1988/89 1548 1637 320 20
1989/90 1668 1685 303 18
1990/91 . 1761 1720 344 20
1991/92 1701 1725 319 19
1992/93 1778 1734 363 21
1993/94 1705 1751 317 18
1994/95 1761 1774 304 17
1995/96 1707 1762 248 14
1996/97 1863 1833 279 15

Source: USDA 1997. * Shortfall refers to consumption minus production.
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Appendix B World wheat model description

The world wheat model used for simulations described in section 4 is a multiregion, single,
commodity, dynamic, stochastic, non-linear partial equilibrium model. As such it is useful
for analysing the impact of random supply shocks on price stability and the effects of alter-
native policies on these impacts. The model is described in this appendix.

Demand and supply equations in each region i are specified as follows:

(1) Di=oP¢F
@  Si=%ECPH+;

In what follows, i = 1 to 10 unless otherwise stated. Time subscripts are dispensed with ex-
cept where it is necessary to avoid confusion. D; is annual consumption in region i, S; is an-
nual production, P¢ is the domestic price, E is the expectations operator, 0, Bi, ¥; O; are con-

stant parameters and |I; a stochastic parameter reflecting uncertainty in annual production.

Equation (1) specifies a non-linear, non-stochastic domestic demand function. The supply
function specification (equation 2) provides for additive stochastic shocks Ji; which are as-
sumed to be independent and normally distributed’. Expected prices are assumed to be

based on prices in the three previous periods, with greater weight being given to the more
recent period.

() E@)=oP¢ay+ 0P{ oo+ 0P 3
where ©; + 0+ ;= 1.
The price linkage equation is:

(4) Pf=9i+Ti+eiPw

! A normal distribution has no theoretical minimum or maximum, yet production cannot be negative. An alternative
specification would be to assume a log-normal or a triangular distribution.
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Domestic prices are linked to world prices, Py, (equation 4) through three components. ¢;
represents a shift component unrelated to the world price, such as a specific tariff, a variable
levy and so on. T; represents transport costs. The term 6; represents the direct relationship
between domestic and world prices, and can be interpreted as a transmission elasticity. For
0; < 1, domestic prices are insulated from and fluctuate less than world prices. A negative
value would imply that domestic prices move opposite to world prices. Under free trade, ¢;
equals 0 (excluding transport costs and other margins) and 6; equals 1. These parameters
should be seen as capturing the effects of a range of policies, although this is an admittedly
crude (linear) specification. Where consumers are taxed or subsidised, it is possible to
specify different consumer price linkages.

Commercial stocks can be determined by using the arbitrage relationship requiring the ex-
pected increase in buying and subsequent selling prices equate to the cost of storage at the
margin. Agents carryover stocks if they expect their profits on resale to more than covers
the storage costs, including interest, spoilage and the cost of operating the physical facili-
ties. For simplicity, an approximation suggested by Tweeten (1989, p. 151) is used here.
The change in the quantity of private stocks is some proportion of the difference between
current and expected prices, where the proportion is equivalent to 1 minus the ratio of stor-
age costs to equilibrium price. This term is multiplied by the slope of the supply equation to
convert prices into quantities. Private stockholders are assumed to base their expectation of
future prices in a similar fashion to producers, on a weighted average of prices in the cur-
rent and previous two years. Private stocks cannot become negative.

Private ending stocks EPS; depend on opening stocks OPS; and prices and quantities as
follows:

(5)  EPS;=p;(E(Py)-P{) + OPS;

where

6 pi=(1-f;—gd;S/P?

f; is the real rate of interest and g; is the physical costs of storage including depreciation.

This function implies that as prices rise or supply falls, the demand for stocks falls. In years
of poor production, prices will rise and stocks will be run down.




Government stocks are modelled as a price band. The change in government stocks at the
end of each period is:

(1) EGS;-0GS;= A (P -P2)if P4 <P
A (P™* —P¢) if P4 > P

0if ™" < P2 < P;™

where P2 and P™ are the lower and upper limits of the band and ; is the responsive-
ness of the government agency when the limits are breached. A capacity constraint limits
the carryover of government stocks in each country to 50 per cent (0 per cent for the United
States and the European Union) above the historic maximum prior to 1996.

The market clearing equation (8) requires that each period global supply plus the change in
private and government stocks equates with global demand, and that global imports equal
global exports.

(8) ZD;-—ZXS;+ ZOPS; + 2OGS; — ZEPS; - 2EGS; =0

The non-linearities in the model require that it is solved numerically. Initially, a world ref-
erence price is postulated. The world price plus region-specific transport costs and policy
wedges determine-domestic prices, which in turn generate levels of domestic production,
consumption and changes in private and public stocks. Trade flows are then calculated. If
global exports do not equal global imports, the world price is adjusted until an equilibrium
is reached. The process continues period by period until 500 simulations are complete.
Various welfare measures are then derived from these results. The values for a baseline and
alternative simulations are compared to assess the impact of a specific policy change.

The non-linear specification requires that consumer and producer surplus measures be cal-
culated by integration. Consumer surplus is the area above the price line bounded by the
demand curve and the vertical axis in a standard demand and supply diagram such as figure
2. For a constant elasticity function, o; P:? B i, as used here, the demand curve does not reach
the vertical axis, and thus the level of consumer surplus is not defined. The approach taken

here is to calculate the change in consumer surplus from the baseline. A similar line a rea-
soning applies to producer surplus. The change in surplus is thus:
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©9) CS;= j:O Dy(t) dt

(10) PS;= j:o S(D) dt

where Po and P’ refer to the baseline and new domestic prices in each region.

Government revenue is the difference in world and domestic prices, less transport costs,
times the level of imports, the excess of demand over supply. Domestic governments may
not capture all of the rent accruing from policies that drive a wedge between domestic and
world prices, as assumed here. They may also incur losses through subsidies on exports.
Governments also make a net storage gain, or loss, from buying stocks at a low price and
selling at a higher price. Storage costs must be deducted from this.

(11) GR;=(P?-Py)(D;—Sy +EGS; (P — Pie-1y) — GEGSy
where c is the marginal cost of storage.

Competitive private stockholders in each region also assumed to make normal profits which
just offset the cost of storage.

Welfare in each region i in each period is the sum of the three components:
(12) W, =CS;+PS; + GR;.

Policymakers usually attach different weights to these individual components, preferring
one group over another, and are often interested in the magnitudes of the separate compo-
nents rather than the sum.

An alternative approach to measuring the change in consumer welfare is the indirect utility
method (described in Varian (1992), chp 11). This enables the calculation of the risk pre-
mium that consumers would need to leave them as well off as prior to any change.

Consumers adjust their consumption level to maximise the expected value of their utility,
V, which depends on their income, I, and the prices of the goods they purchase. By com-
pariné expected utility with variable prices, EV(p, I), with the utility obtained from constant
prices, V(p’, I), the consumers’ preference for stable prices can be inferred. The preference
for stability is the income elasticity of the marginal utility of income:
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(13) -(d*V/dI%. 1)/ (dV/dI)

This expression, the Arrow-Pratt coefficient of relative risk aversion, shows how the utility
obtained from an additional unit of income decreases as the level of income increases. As
risk aversion increases, consumers increasingly gain from stabilisation. A low value (0)
means that consumers get just as much satisfaction from an additional dollar at a low level
of income as at a higher level. Empirical evidence of risk aversion is weak, although New-
bury and Stiglitz (1981) considered the coefficient of relative risk aversion would most
likely lie between zero and two. The amount consumers would be just willing to pay to
avoid a given degree of instability is given by the following formula, the risk premium in
$/t:

(14) t,=-0.5 [6%/P*;(s; Mi—1) — Bl

where o is the variance of price, P*; is the mean price, s; is the share of total expenditure
spend on the commodity, T); is the income elasticity of demand, r; the Arrow-Pratt coeffi-
cient of relative risk aversion and [3; the price elasticity of demand.

Equation (14) takes into account the increasing marginal utility of income as it becomes
scarce due to the increase in the price of an item that accounts for a significant component
of expenditure. A derivation and application of this formula can be found for example in
Shalit (1984). A positive value indicates consumers would prefer more stable prices. The
risk premium rises with increases in the absolute value of its price variance, the expenditure
share, the income elasticity and the relative risk aversion coefficient. However, it will be
negative (consumers are made worse of by stabilisation of prices) if s; (;—r;) — B; < 0.

The purpose of the model is to assess the impact of a production shock on price stability
and welfare. With supply determined with a lag, the impact of a supply shift on price stabil-
ity in the current year depends on the demand elasticities (equation 1), the responsiveness of
domestic to world prices (equation 3), storage costs (equation 8) and whether government
price bands are reached. Its impact on successive years depends on the length of time over
which expectations are formed. Stability in a dynamic model depends on the relative slopes
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of the supply and demand curves and the lag structure?. Stability is increased to the extent
that the supply curve is less responsive to price change than the demand curve, and the
shorter is the lag in the formation of price expectations. However, the policy constant pa-
rameter ¢; does not affect world price stability, but merely its level. The slope parameter 6;
does affect price stability as well as its level. The variance is reduced if domestic prices
more readily come into line with world prices, because part of the adjustment to the pro-
duction shock can be absorbed in domestic markets.

In itself, the level of stocks does not affect price stability. It is the responsiveness of stocks
to price changes that matter. A high level of stocks in private hands in a region that is com-
pletely insulated from world prices makes little contribution to stability.

% Matheson, Clark and Klein (1995) demonstrate that stabilisation decreases the rate of convergence to the long run
equilibrium, but that the impact on the price variance is dependent on parameter values.
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