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Abstract

WORLD WHEAT PRICE VOLATILITY:
SELECTED SCENARIO ANALYSES

Wyatt Thompson, University of Missouri, United States
Garry Smith and Armelle Elasri, OECD

This study provides quantitative assessments of the impact of two structural changes
that have been identified as contributing to world wheat market price volatility. The
factors examined in this paper relate to changes in demand in the BRICs (Brazil, Russian
Federation, India and China) countries as a result of continuing economic growth and
development, and the effects of lower levels of global wheat stocks in recent years. A
further scenario examines several effects of a hypothetical international buffer
stockholding scheme to stabilise international wheat prices. Each scenario was
undertaken with the Aglink-Cosimo model and the stochastic baseline as reported in the
OECD-FAO Agricultural Outlook, 2011-2020. The results suggest that both structural
factors have contributed to the record volatility in world wheat markets in recent years.
However, the increase in market volatility arising from economic development and
income growth is likely to evolve only slowly while the moderating effect of larger stocks
may only be fleeting unless there is a more permanent rise in stockholding demand. The
stylised wheat buffer stock scheme with a price band may lead to slightly lower market
volatility under highly specific conditions and constraining assumptions. These, however,
have proven difficult to achieve and sustain in practice, as observed from past attempts to
implement such schemes.

Keywords: Wheat, stochastic, simulation, scenario, volatility, variability, price, buffer
stocks.
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Executive Summary

This report provides quantitative assessments of the impacts of two structural changes
in world wheat markets that are considered by many market observers to have contributed
to recent wheat price volatility. The first structural factor examined is the impact of the
changing responsiveness of demand in large emerging countries as incomes continue to
rise with economic growth and development. The second structural factor analysed is the
impact of a lower level of global cereal stocks in recent years. Cereal stocks by
moderating the effects of other shocks have long been recognised as playing a role in
market stabilisation with the overall level of stocks being one determinant of price
volatility. A third scenario extends the analysis of the role of stocks in price volatility by
examining some effects of a hypothetical and simplified buffer stock scheme to stabilise
world wheat prices. Each of the three scenarios examined in the report is designed to
complement through quantitative estimates other broader, but more qualitative, studies
that have been completed on the same topics. The scenarios undertaken are based on the
stochastic modelling approach used by the OECD to estimate market outcomes for a
range of possible settings based on a global economic model of grain and other
agricultural commodity markets. This model includes country specific agricultural,
biofuel and trade policies, and thus allows an examination of international price volatility
in a world market setting that reflects the reality of complex policy settings. However,
like all models this complexity has its limits and does not extend to including a
representation of all aspects of markets that may exist in reality such as the various tools
of risk management that are available to market participants. Despite these limitations,
the estimated impacts of how changes in market structure affect commodity price
variation add to the level of existing knowledge of what has been driving wheat price
volatility.

The method of stochastic simulation employed for this analysis has certain limitations
that apply to all the scenarios examined. One limitation for a study on price variation is
the focus on annual commaodity prices, and year-over-year price changes. Annual prices
represent the average price of a commaodity over the period of a year that are faced by
consumers and received by producers. Volatility in commaodity prices from year to year
can have real impacts on people and their decisions. However, important and greater
within-year price volatility, as in day-to-day price discovery, is not covered in this
framework of analysis. Another limitation is that while the sources of variability
addressed in the stochastic experiments (yields, petroleum and fertiliser prices, and GDP
and inflation) explain a large share of the historical variation in world grain prices, and
more so for some grains than others, they do not account for all the observed variation
(OECD, 2010). In addition, the historical or past observed variations in these factors are
by no means perfect predictors of what future variations may be. Climate change or
financial market instability, for example, could cause significant changes in the nature
and/or extent of variation in factors such as yields and other drivers of agricultural
commodity markets and prices in the medium-term future. Another limitation of the
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simulation analysis is that policy is held constant, but changes in policy mechanisms or
even goals may change in a volatile market situation. Furthermore, the model does not
take account of risk aversion on the part of producers, or others, when faced with risks
and uncertainty arising from volatile commodity markets. These limitations narrow the
scope of the results of this analysis, but they do not invalidate them. The model usefully
requires that cross-market and cross-commodity effects, in the presence of domestic and
trade policies, are taken into account, that all agricultural commaodity and biofuel markets
balance in each year under a wide variety of market conditions thereby extending our
understanding of some of the impacts of changing market fundamentals in a context of
observed policy settings. Furthermore measures of annual price volatility calculated from
the output of a forward-looking structural economic model can take into account future
market price variation arising from dynamic changes in supply and demand drivers, from
policy changes, and new sources of demand such as biofuels, rather than simply
extrapolating historical price variations.

Policy conclusions drawn from this analysis are based on general directions and
magnitudes of change rather than precise estimates. The results of the first scenario
support the view that increasing demand inelasticity caused by economic growth and
rising incomes in developing countries will cause commodity price volatility to increase
as consumption becomes less responsive to changes in prices. However, as the calculated
price elasticities change very slowly the impact on wheat price volatility over the
medium-term future covered in this scenario is small. While the welfare loss suffered by
consumers from high prices remains important, higher income consumers are less likely
to suffer food insecurity as they tend to maintain their desired level of use despite
periodic high price swings. Greater adjustments in consumption may occur towards lower
quality and cheaper products, rather than in total use. On the other hand, low income
consumers in regions with slow or stagnant economic performance, both within and
across countries, will be hard pressed to maintain consumption during periods of price
surges and high volatility. Less response in consumption on the part of higher income
consumers to surges in wheat and food prices will tend to exacerbate the situation of these
poorer consumers. For low income consumers carefully targeted food assistance is likely
to be a more effective response to food insecurity.

In the second scenario, higher commodity stocks are shown to reduce market price
volatility, at least until stocks are fully used. However, the effects may be fleeting. As
long as supply and demand continue to expand the price buffeting effects of any given
volume of stocks will be smaller and the associated costs higher over time. While the
current wheat stocks-to-use ratio may be low relative to historical standards, it is the level
determined by the market given observed price levels and their variation." If rising price
volatility leads to increased opportunities for arbitrage and profitability from holding
private stocks in the future, then presumably more stocks will be held on average.

A hypothetical stock holding scheme was examined for illustrative purposes. Such a
scheme could, in theory, reduce market price volatility under some very specific and
constraining assumptions. These include access to large financial resources as buffer
stocks can be expensive to acquire and maintain; limited displacement of private
stockholding; agreement amongst participants with opposing price interests on the level
of prices to be stabilised and mechanisms to adjust prices as market circumstance change;

Part of this observed variation in prices affecting stock level choices reflects policies. In the
absence of these polices, stocks to use values may also differ.

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°59 © OECD 2012



6 - WORLD WHEAT PRICE VOLATILITY: SELECTED SCENARIO ANALYSES

coverage of a majority of production, with all participants abiding by the stockholding
and release rules, with no cheating, limited free riders and so forth; criteria that are
difficult to achieve and apparently impossible to sustain in practice. A further practical
difficulty is that stock intervention is more effective in limiting price falls or raising low
prices than curtailing the incidence and magnitude of price spikes. Public stockholding
schemes to stabilise producer or market prices are no longer used in most countries due to
their cost, market distortions and propensity to crowd out private storage. Gilbert (2011)
reviewed past attempts of International Commodity Agreements with economic
provisions involving stockholding commitments, in some instances to stabilise
international commodity prices, and showed that these have all failed for a variety of
reasons, as cited above, including their large costs.? The research results reported here,
based on a robust quantitative analysis utilising a hypothetical and simplified
international buffer stock scheme with a price stabilisation band, indicates that the price
effects are modest relative to the financial outlays incurred in a context where price
spikes continue to occur irregularly and with long gaps between such events. The analysis
suggests such a scheme would entail large taxpayer costs as well as some unintended
market consequences. For example, consumer prices can be driven higher during the
stock-building phases, adding to consumer (and taxpayer) costs and destabilising markets
in these periods. The results are shown to be sensitive to the price target or price bands
chosen to stabilise prices, as the costs and market effects of the stockholding scheme vary
with adjustments in the level of the price band.

All endeavours involving collective actions on the part of countries, some with opposing
interests, to achieve a collective good can face similar obstacles, and are not just confined to
ICAs. Gilbert suggests that, while some ICAs had a measure of success for a period of time, this
was only possible while all participating countries judged such arrangements as beneficial to
their individual circumstances and interests. When this no longer existed the agreements
collapsed.
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1. Introduction

The spike in agricultural commodity prices in 2007-08 and again in 2010 resulted in a
number of immediate policy responses as countries sought methods of insulating their
consumers directly from rising food prices or to encourage additional domestic supplies
(OECD, 2010c). The extensive literature that attempted to identify the causes for the
earlier price spike highlights many factors that contributed to the volatility in world
agricultural commaodity prices (Abbott et al., 2008, 2009; Dewbre et al., 2008; EC, 2008;
ERS, 2008, FAO, 2008; IFPRI, 2007; Meyers and Meyer, 2008; OECD-FAO, 2008,
2010; Jones et al., 2010; World Bank, 2008; Westhoff, 2010). These studies focus mostly
on attempting to explain what happened, and not what could happen in the future.
Volatility, defined as “variations in agricultural prices over time”, must be assessed
separately because not all variation is bad, perceived societal risks of price variation, such
as high consumer expenditures and low farm income, might not be symmetric with
respect to increases and decreases, and societal costs might be disproportionately higher
for extreme price increases (FAO et al, 2011)°. Future volatility is not known, and
evidence is contradictory: long-run trends give “little or no evidence that volatility in
international agricultural commodity prices, as measured using standard statistical
measures is increasing”, but there has been “extraordinary volatility” since 2006 and at
least a cyclical increase in volatility since 2000 (ibid). OECD work seeks to identify the
structural or more permanent factors that may contribute to commaodity price changes and
their volatility in the medium-term future.

This study focuses on two factors that have often been cited as contributing to
increased commodity prices and their variability, namely changing demand conditions in
large developing countries and a lower level of global commodity stocks. The evaluation
of the role of stocks is extended to a discussion of a hypothetical buffer stock policy
option involving international cooperation and coordination amongst a group of exporting
and importing countries.

Brazil, the Russian Federation, India and China (the so-called BRIC countries), are
already major markets for agricultural products. In world wheat markets, these four
countries accounted for 38% of production, 37% of use and 46% of stocks in 2009/10-
2011/12 marketing years (FAS, 2011), as compared to OECD shares of 41%, 32% and
28%, respectively (OECD-FAO, 2011). The OECD has considered the implications of
rising per capita incomes for commodity demand in the large emerging economies of the
BRICs (Abler, 2010). Based on economic theory and a review of demand elasticity
estimates, that study suggests that, “A decline in the absolute value of the own-price
elasticity (with economic growth) means a more-price inelastic demand, causing any
given shock to supply to lead to a larger change in the price” (ibid). The present study
goes further, incorporating estimates of how BRIC demand elasticities develop over a
ten-year projection period, and assessing the impact of these changes on commaodity price
volatility.

Variability in annual average prices is measured in this paper in three ways based on stochastic
simulation output with hundreds of values for each price in each year. First, as the standard
deviation over a five year period of the logarithm of the variable in differences (the formula is
shown in Box 2), second as the standard deviation of price outcomes for each year and, third,
using selected percentiles of simulated prices. The variables of interest are world reference prices
expressed in nominal terms.
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8 - WORLD WHEAT PRICE VOLATILITY: SELECTED SCENARIO ANALYSES

Internationally coordinated intervention to use buffer stocks to reduce world price
volatility has been proposed in the past. This mechanism was at the heart of some former
International Commaodity Agreements (ICAs), with economic provisions, which were
charged with organising world markets for key commodities to achieve certain policy
objectives; initially to prevent low prices in a period of excess production in the 1950s
and 1960s. These objectives evolved over time to include price stabilisation (Gilbert,
2011). An OECD review of the historical experience with ICAs indicates that they tend to
be very costly, sensitive to the price stabilisation range selected, face the risk of free
riders and cheating, are effective only when stocks are available for release and are
potentially a cause for speculation (Gilbert, 2011). For more general questions about the
role of stocks, including their potential to reduce market variability and the interaction of
expectations, risk aversion, and stock-holding incentives readers are referred to other
studies that address these issues (Tangermann, 2011; Wright, 2009, 2011).

Despite the scepticism that earlier research casts on the viability of international
stockholding arrangements as a solution to the problem of market price volatility, and
whether low global cereal stocks are a principal cause of price surges, proposals
supporting the establishment of international stockholding arrangements continue to be
advanced in some quarters. Some proposals have indeed called for buffer stocks that are
apparently intended to have sufficient scale that stock sales can mitigate, if not eliminate,
strong price spikes (Commission on Growth and Development, 2008; The Economist,
11 September 2010; Von Braun et al., 2009). More recently, the focus of interest has
turned towards more limited proposals such as regional emergency food reserves for food
security purposes.

In the present report, the focus is on the international wheat market and wheat price
volatility. Similar to other agricultural commodities markets, the world wheat price
market was marked by a rapid increase in prices up to the 2007 marketing year. Other
reasons also support attention being given to the world wheat market. Wheat is a critical
component of the diet for many people, including some of the poorest and has also been a
focus of many of the ad hoc policy responses during the recent period of high price
volatility (Jones et al., 2010). Whereas the global market for rice, the other main staple
grain, is thin (in the sense that only a small portion of world production and consumption
is traded), the world wheat market is characterised as a more integrated market. Despite
lingering border measures and other market interventions, changes in world wheat prices
affect many of the world’s consumers and producers, and domestic market shocks are
usually communicated to the world market quickly. As a result, wheat is a relevant focal
point for observers concerned about market price volatility.

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°59 © OECD 2012
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2. Methods

Economic simulation model

The OECD has exploited a structural, dynamic, partial equilibrium, economic model
(summarised in Box 1) for policy and market analysis that can take into account ranges of
possible market contexts. The OECD employs stochastic simulation methods to replace a
single deterministic point solution with many hundreds of variations arising from a
random selection of different historical values of selected drivers. This simulation
technique has been applied most recently to assess the contribution of certain external
factors to market price volatility (OECD, 2010). The variable elements in this stochastic
analysis were yield shocks, petroleum and fertiliser prices, GDP (income) growth and
inflation. Hundreds of values for these external factors were selected at random based on
historical distributions, including correlations among certain factors. Feeding these
factors as inputs into the model and simulating agricultural commodity markets for each
set, generated many hundreds of price projections for agricultural commodity markets
over the next ten years. That study found that the examined market drivers “are able to
explain a significant share of historical price variability” over the last several decades,
particularly for maize (ibid, p 17). The same techniques are used in this study.

The OECD’s stochastic simulation experiments are similar to other applied research
relating to US agricultural and biofuel policies (Meyer et al., 2011; Westhoff and Gerlt,
2011; Westhoff et al., 2006; Thompson et al., 2009, 2010), but it is unique in that
stochastic simulations are conducted for a model that represents global markets of
agricultural commaodities. The representation includes policies that have trigger levels, so
policies can have different impacts in different contexts (OECD 2002, 2003, 2004). For
example, policies with triggers, such as tariff-rate quotas (TRQs), cause the degree of
intervention in the market to be sensitive to market conditions.

The investigation of the earlier report into selected sources of volatility was
characterised as “illustrative and descriptive” at that time (OECD, 2010, p 5). The reason
for this description is that this method has certain limitations that are relevant to the
current exercise as well. First, only a subset of the external factors or drivers of wheat
price changes are examined for historical variation. Many factors, including some that are
known to have played an important part in the cereal price spikes, are not included within
the set of selected stochastic drivers. This limitation means that the ranges of simulated
prices should not be taken as estimates of all possible ranges of values in reality.’> Second,
although correlation among external factors in one year is represented, correlation in
shocks from one year to the next are not. Lingering effects from a shock that are likely to
be observed in commodity markets because of delays associated with biological processes
and uncertainty in price expectations are represented at least to some extent in the model.
However, if there is a tendency for a high yield shock in one year to be followed by
another high yield shock, or a low yield shock, in the next year, then this effect is omitted.
Third, the focus is strictly on annual average prices, not monthly or daily price variation.

Yield shocks are exogenous and randomly drawn from historical distributions.

Similarly, the OECD-FAO Agricultural Outlook (2011) is to be understood as a projection of
world markets given certain assumptions, not a prediction or forecast. The advantages of
stochastic simulations are the numbers are more widely relevant, and market volatility can be
explored. However, stochastic simulation results do not represent predictions or probability
estimates.
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However, annual price variation is tied to prices that producers receive and consumers
pay, and therefore remains relevant to market decisions. Fourth, certain elements of
behaviour are left unchanged or are not explored. For example, the changing variation in
prices and returns might have impacts on production or stockholding decisions. Fifth, on
a related note, all policy is assumed to be exogenous. Whereas events of 2007-08 and
2010 indicated that a sharp increase in prices might lead to ad hoc policy responses such
as altering trade barriers, or subsidising domestic consumption or production, policy
settings are held constant in these simulations. Sixth, even though stochastic experiments
represent a natural extension of the model, have been employed on several occasions and
are similar to methods employed elsewhere, these methods are still being refined and, so,
some caution is advisable in interpreting results.

The economic model that is used for the experiments also has its limits. The model is
calibrated on annual prices and quantities. Expectations about future prices tend to be
based on past price or prices, even though a more elaborate process of establishing price
expectations could be imagined. Risk and variability are not explicitly represented as
factors that affect planting or other decisions, and this limit could be particularly
noteworthy if simulations cause large changes in relative risks of different crops or
greater price risk overall. There are many tangentially related topics that we do not
address here, but are included in the model to varying degrees. For example, domestic
agricultural policies, trade policies and biofuel policies are represented in the model, but
some relevant details may be excluded, Productivity trends are based on longer term
trends and these are virtually constant in the 10-year projection period.

This report is the first research to explore empirically, by solving a large-scale
structural model of global agricultural markets in stochastic simulations, the two
structural changes that have been selected for investigation. Previous studies use models
that lack the scope to track the effects across commodities and countries, represent
existing policies only in a stylised way or not at all, or simulate for only one particular set
of external factors that is typically predetermined to trigger some new intervention. All
these limitations reduce the usefulness of a study to policy makers. The last restriction is
particularly telling as it reduces the ability of researchers to speak to questions of
volatility. For example, in the case of the international stockholding experiment, if a
buffer stock policy is examined using only a few simulations, then researchers might
impose the conditions under which buffer stocks are built and sold within the simulation
period. This approach sets up an ideal case for building and immediately using buffer
stocks, even though the buffer stocks might be intended to counter a rare or periodic price
spike. In contrast, the stochastic simulation technique used here may include many 10-
years outlook price projections in which buffer stocks are built and not used, some in
which buffer stocks are built and used, and perhaps even some when high initial prices
delay the building of buffer stocks until the end of the period. By covering such a wide
range of market possibilities, as well as tracking the implications in a global policy rich
context and with links to other commaodities, this study adds to our understanding of these
market interrelationships and policy interventions.®

Other approaches were not tested. Time-series estimation over historical data was judged a less
useful approach given the forward-looking nature of this research, and the goal of estimating
how hypothetical changes in settings or policies would operate in global markets, and to trace
out impacts on producers, consumers and taxpayers. A smaller stylised model purpose-built for
this analysis was also ruled out. Wright (2009; 2011) recounts the development of economic
science as it relates to commodity stocks, and identifies many of the lessons that can be drawn
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Box 1. AGLINK-COSIMO

AGLINK-COSIMO is a structural, dynamic partial equilibrium model that is maintained by the
OECD and FAO. The model is described elsewhere (OECD, 2006), although subsequent updates
added to the representation of biofuels, and led to other improvements such as the inclusion of sugar.
Apart from wheat, the focus of this report, AGLINK-COSIMO also represents world markets for rice,
coarse grains, oilseeds, oilseed meals, vegetable oils, sugar, ethanol and biodiesel, milk and milk
products, beef, pork, poultry and fish products. The market is global: key countries and regions are
represented as domestic markets with their own supplies, demands and prices for each commodity,
including trade. Market-clearing prices drive producer and consumer behaviour. Stocks are
represented as functions of current price relative to an expected price (based on the average of
recently observed prices), and a scaling supply or demand variable, if they represent a substantial
share of the market. World prices balance trade. This model serves as the basis for quantitative
analysis of how policies or external shocks affect world agricultural commodity markets, as well as for
preparing projections for the annual OECD-FAO Agricultural Outlook (OECD-FAO, 2011).

The model is simulated for hundreds of randomly determined input data to generate stochastic
baseline and scenario results (Box 2). Randomising key inputs, such as crop yields and key
macroeconomic variables, allows a policy to be examined in a variety of market contexts. Simulations
estimate the policy effects at times of high or low commodity prices. Stochastic methods are
particularly useful in considering market variability because the ranges of commodity prices generated
in the stochastic output from hundreds of simulations can be taken as an indicator of market volatility
(OECD, 2010).

There are advantages to using AGLINK-COSIMO. One is its scope. It includes many related
commodities and covers global markets, but also many individual countries so impacts can be
estimated on global and national levels. Another is the representation of policies reflects the sensitivity
of many market interventions to the setting. Some programs that subsidise producers pay different
amounts depending on price levels, or even pay nothing if the price exceeds some trigger level. The
role that tariff-rate quotas and biofuel mandates play in markets hinges on whether key quantity
triggers are met. A pragmatic advantage of this model is many years of application in annual outlook
and policy analysis, leading to greater confidence in key factors as the elasticities in the many country-
commodity combinations, and the representations of policies that intervene in markets. No model is a
perfect representation of reality, and key limitations of this one are stated in the text and listed in the
summary, including the fact that the model does not take account of risk aversion on the part of
economic agents. A section later in this paper notes some further development that would probably
make the model even more suitable for this type of analysis.

Simulation experiments

The first experiment explores the extent to which structural demand changes
underway in the large BRIC economies reduces the responsiveness of demand to price
changes. The second set of experiments investigates a second explanatory factor, namely
the low levels of international wheat stocks in recent years. The third scenario extends the
discussion of low initial stocks to one which explores the impacts of a wheat buffer stock

from a focused approach. While such an approach could be tailored somewhat to bring in some
omitted factors, it would exclude the knowledge about policies and markets that is built into the
existing AGLINK-COSIMO model. A stylised model focusing on producer response to price
variation might also omit other relevant factors, like policies that weaken the linkages between
domestic and world markets, affect biofuel use under certain conditions, but not others, or affect
producer returns according to market price and target price levels. Also, a stylised model likely
omits complications of commodity substitution and trade in real markets, such as the distinctions
among oilseeds or grains that are produced in different parts of the world, or the decomposition
of the world beef market based on the presence of certain animal diseases. Policy and market
complexities affect price transmission, and overall price variability. Using other large-scale
structural economic models was not possible because none are available at this time that can
match AGLINK-COSIMO for global stochastic analysis.
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scheme to stabilise world prices. In the following section, the experimental design of each
scenario is outlined.

“BRIC” scenario: income growth effects on demand response

The responsiveness of demand to prices is normally higher in the developing
countries where food purchases form a large part of disposable incomes. Abler (2010)
suggests that one way to estimate this effect in applied analysis is to vary elasticities with
the log of per capita income (paragraph 94). For the current experiments, a link from
income to demand elasticities is applied to Brazil, the Russian Federation, India and
China. The general demand is left unchanged, but consumers are seen to become more
willing to continue purchasing food as prices rise if their income is higher.

The link between income and elasticities is defined as follows. First, the AGLINK-
COSIMO model parameters representing own-price and income elasticities of demand
are examined. The own-price elasticities are used to develop the link because they are
more often the focus of academic and applied research, but the demand changes are
applied to cross-price elasticities, too. Second, these elasticities are related to the per
capita income of each country. Average per capita income of the 2008-12 period is used
in each case because the model elasticities are intended to represent current market
conditions, not historical elasticities. In most cases, consumer demand is assumed to
respond fully to a price change in the course of one year, and elasticities are intended to
approximate both short- and long-term effects. In some cases, an adjustment process
might be in place, and the impacts described here for the short-run elasticity will have a
similar proportional impact on long-run elasticities. This relationship is explored using
regression analysis.

Figure 1. Own-price elasticities of demand
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Note: the relationship represented in the graph is between elasticity (in absolute value) and average per capita income.
The estimates are based on data of all countries in the database. In the graph, the per capita income data are replaced
with a selection of indicative countries.

Source: calculations based on AGLINK-COSIMO database.

The estimated relationship suggests that demand becomes more inelastic, or less
responsive, as income rises. For example, in relating own-price elasticity to per capita
income, suggests that the average own-price elasticity of demand for all AGLINK-
COSIMO commodities is approximately -0.65 for countries with low income, and
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approaches -0.30 for countries with higher income (Figure 1). As the elasticity measures
the response of consumption to a change in price, this relationship suggests that perhaps
twice as large a price change is required to generate a 1% decrease in demand in a mature
developed country market as compared to the case of a less developed country.

In this scenario, BRIC food demand elasticities for all commaodities with respect to all
prices and income are assumed to vary with the log of per capita income. These countries
account for a large share of the world’s population, and play important roles in
agricultural commodity markets, so they comprise an important set of large rapidly
growing developing countries on which to examine the phenomenon of changing demand
characteristics.” In the baseline period (2011-20), per capita GDP increases by 43% in
Brazil, 107% in the Russian Federation, 77% in India and 111% in China, and food
demand tends to become more inelastic as a consequence. The ratio of elasticities in the
final year of simulations (2020) to the first year (2011) averages 0.95 for Brazil, 0.94 for
Russia, 0.95 for India and 0.91 for China, suggesting that demand is not much more
inelastic at the end of the simulation than it is at the beginning®.

A final technical question about this scenario is the starting point of analysis. Our
examination focuses on the demand elasticity. The less elastic demand can be represented
as a steeper demand curve (Figure 2). We choose to set up the experiment so that the
initial intersection is at the same point; we do not allow the changed elasticities to cause a
change in the overall levels of prices and quantities in markets for wheat or other
commodities.” The consequence is that the central point of the stochastic simulation with
reduced price responsiveness is forced to be approximately the same as it was, but the
price range in stochastic simulation is allowed to change. An alternative would be to
allow the evolution in consumer response to prices and income to affect the basic trends
or paths of consumption of each commodity. BRIC countries in world commaodity
markets could evolve differently, and overall price trends could be shifted. For instance,
if the rise in incomes, other things being equal, led to an outward shift in demand, then
commodity prices levels would be higher.”® However, these sorts of impacts might be
accompanied by changing policies in these, and other, countries, and any dramatic
changes in commodity price levels would affect investment and long-run trends in
productivity. As we do not include the potential for policy or technology patterns to
change in the projection period, here we maintain the baseline projection consumption
trends.

The calculations are conducted over all country-commodity pairings in AGLINK-COSIMO,
but implementing elasticity changes in the model is computationally intensive.

These estimated adjustments in elasticities are rather small than might have been expected in
countries such as China with their large middle classes and rapidly evolving consumption
patterns in the large urban centres with sustained high economic growth

Technically, the baseline simulation before stochastically drawing external shocks is
recalibrated to generate the same path for quantities demanded over the ten-year period.

10 The focus on price variations, and consequent decision to maintain the price levels by

recalibrating demands, also leads to no significant change in demand composition. To give a
specific example, although income growth might be expected to cause more livestock product
use over time, recalibration prevents this shift, so there is no indirect impact on wheat demand
for animal feed.
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Figure 2. World wheat market supply and demand,
with changing demand elasticities
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Low wheat stocks scenario

Another structural change characterising cereal markets has been the general
reduction in the level of global stocks since the 1990s. Earlier spikes in wheat prices in
the late 1990s and more recently in 2007-08 both occurred when global stocks-to-use
ratios were low. This scenario explores the importance of this structural change in global
stocks for wheat price volatility.

Historical patterns of world wheat stocks are indicative of the changes that have taken
place (Figure 3). Global wheat carry-out stocks peaked at over 200 million tonnes in
marketing years 1999-2001, then fell to almost 125 million tonnes at the end of the 2007
marketing year. Stock levels have mostly recovered since that low point. However, the
ratio of stocks to world consumption was 20% in the 2007 marketing year — the lowest
ratio at least since 1960 —and the recovery to 27%, the value anticipated in the 2011
marketing year, remains below the average of 30% and well below the peak ratio of 36%
of ten years ago.

Wheat stocks in China are noteworthy for two reasons (Dawe, 2009). First,
fundamentally they are driven by domestic policy objectives, not world markets."
Second, the evolution that has taken place in China’s wheat stocks has been a large part
of the change in global stock numbers. The striking growth in stocks held by China from
3 million tonnes in the 1960 marketing year to over 100 million tonnes by 2000 (FAS,
2011), offset much of the reduction in wheat stocks that took place in other countries
during this period. The liquidation of China’s wheat stocks from 2000 to 2005 released
over 60 million tonnes to meet domestic market needs. Removing China’s wheat stocks
and use data, the world wheat market stocks and stocks-to-use ratio are perhaps better

11

Although China is singled out, this raises the more general point that stocks in many countries
might not have been motivated primarily by world prices. Many OECD members intervened
more heavily in agricultural commodity markets, at least through the 1980s, leading to large
public stocks of wheat accumulated for domestic policy objectives in the European Union and
the United States, for example. If these countries were also excluded, the trend in global wheat
stocks-to-use ratios would be considerably more stable over the last 25 years and much lower as
many of these countries have stopped holding large stocks for domestic market support purposes.
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measures of the stocks available in markets that trade at the world price. Subtracting out
China, world wheat stocks peaked earlier, in the mid-1980s, and have been lower since
then. The stocks-to-use ratio of the world wheat market, when excluding China’s stocks,
decreased from 37% in the mid-1980s to 17% in marketing year 2007. Despite a partial
recovery after that low point, the stocks-to-use ratio is expected to be only 21% in
marketing year 2011.

Figure 3. World wheat stock level and stock-to-use ratio
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Source: FAS, 2011.

To analyse the lower level of global stocks a counterfactual scenario is performed. In
the counterfactual scenario, wheat stocks are initially set at a higher level to explore how
the low level of current stocks (as represented in the baseline) affects wheat market
volatility. It is assumed that the initial “high stocks” level is 36%, consistent with
historical global stocks-to-use ratios, and only at 20% to reflect the “low stocks” observed
if data for China are excluded from global totals. As noted earlier, this reduced level is a
somewhat arbitrary attempt to identify an historical ratio that includes only stocks that
respond to world market prices, rather than driven by domestic policies, and even this
reduced level might be too high (Dawe, 2009). The initial stock ratio is assumed to occur
in a selection of wheat trading countries. We choose a set of wheat exporting and
importing countries that account for almost 80% of world wheat production, about 70%
of world wheat consumption and 70% of world wheat stocks in marketing year 2010.
These countries comprise: Brazil, Canada, China, the European Union, India, Japan,
Pakistan, the Russian Federation, South Africa, Ukraine, and the United States.*? Many of
these countries export a large share of the domestic crop, so domestic use is not a useful

12 This list is somewhat arbitrary, and there are good arguments to remove countries listed here or

to add others. For example, Argentina is an important country in terms of its role in world trade,
but Argentina’s stocks have not represented a large share of world stocks in the past. A better
case might be made for including Australia, another wheat exporting country that accounts for a
larger share of global stocks, but this is technically more challenging because Australia’s wheat
stocks are exogenous in the model. While adjustments could be made to widen or narrow the list
of countries, we see no reason to expect that such changes would fundamentally change the
overall nature of the results of this scenario.
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deflator in a stocks-to-use ratio. Rather, a stocks-to-production ratio is used for exporters.
In each case, the initial stock ratios as shown in the stochastic baseline for 2009 are
required to be at least 36%. If they are above that level, then there is no change.

In the AGLINK-COSIMO data, global stocks at the end of marketing year 2010 were
29% of global use, and this ratio is not projected to rise over the ten year Outlook period
(Table 1). Among the countries targeted in this experiment, only China and the United
States surpass the 36% minimum wheat stocks imposed at the start of the projection
period. Stocks are assumed to be higher in other countries, although such changes are not
entirely consistent with historic stock ratios. The alternative lower threshold of 20% is
more in line with historical patterns for some countries, although clearly too low for

others.
Table 1. Experiment stock ratios with 36% minimum

Country Relative to Historical and baseline data  Initial scenario data Ratio: scenario/base

2000-09 2010 2011-20 2010 2011-20 2010 2011-20
Brazil Consumption 15% 20% 20% 34% 31% 1.65 1.57
Canada Production 30% 22% 22% 38% 36% 1.70 1.59
China Consumption 59% 48% 51% 48% 51% 1.00 1.00
EU Production 16% 9% 9% 37% 35% 3.90 3.68
India Consumption 29% 22% 21% 36% 34% 1.63 1.63
Japan Consumption 29% 24% 30% 36% 43% 1.52 1.42
Pakistan Consumption 15% 6% 6% 35% 33% 5.98 5.05
Russia Production 13% 32% 26% 38% 30% 1.16 1.14
South Africa Consumption 21% 13% 14% 37% 36% 2.80 2.57
Ukraine Production 13% 13% 11% 41% 32% 3.05 2.77
USA Production 30% 37% 30% 37% 30% 1.00 1.00
World Consumption 28% 29% 28% 39% 37% 1.35 1.35

Source: Historical and baseline data of OECD-FAO (2011), and other columns are calculated here as described in the
text.

Another technical point is that the model is recalibrated to these higher initial stocks.
To ensure comparable starting points with the stochastic baseline projection of world
wheat prices, the proposed analysis assumes that higher stocks are on hand initially and
that they are the target level chosen or demanded (as compared to the observed lower
level). Although a technical issue, the assumption about where to put the demand curve
relative to the imposed higher initial stock level can have important implications once the
model simulations commence.*® One alternative approach would be not to recalibrate the
model to the assumed stock levels. In that case, there would be no additional demand for

13 The stocks on hand at the start of the first year of a projection are always exogenous, typically

equal to the observed data. In this case, beginning stocks of the first year are set higher in order
to raise the stocks-to-use ratio to the minimum level, if observed stocks fall short of this
minimum. For each year of the projection period simulations, stocks are endogenous; they are
just started at a higher initial level. Once the model is simulated for the projection period, the
stock level in the output data will always be on the recalibrated stock demand curve that is
consistent with the higher level of stock demand assumed in this scenario.
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stocks at any given price, just more stocks happen to be on hand at the start of the
projection period. These stocks would be sold off quickly, driving price down
temporarily, until markets would return to the stochastic baseline combinations of prices
and stock levels. If constructed in this way, results would show what happens if
additional wheat quantities appear on world markets, but it would not estimate the
impacts of a willingness to hold stocks at levels consistent with historical averages.
Another approach to this scenario would be to increase stock demand, but not initial
stocks. In that case, the assumed willingness to hold more stocks at any given price would
lead to greater global demand as stocks are built. The world wheat price would rise
temporarily in this case. This initial impact could obscure the impacts on volatility, so the
results over a ten-year period might not focus clearly enough on the impact of current low
stocks. Moreover, unless stock rules are delineated, and costs tracked, the outcome would
not be a good guide for market observers who question the role of public policy to
support buffer stocks. However, these practical considerations of a more complex system
of public stockholding policy are considered in the next scenario.

A hypothetical international buffer stock scheme

In this scenario, a stylised buffer stock agreement is assumed to exist between a
subset of wheat exporters and importers to hold and release stocks in an attempt to
condition the market price in a coordinated way in order to avoid large world wheat price

H 14
swings.

A critical issue with buffer stock schemes are the market intervention or price rules
governing stock building and sales and whether they evolve with the size and condition of
the market. In this stylised experiment, the buffer stock rules are set ex post, in a sense.
After looking at the stochastic baseline simulation, we set a price band that is
approximately centred on the average stochastic baseline price, and that has sufficient
width that stock sales and purchases effectively target the extreme cases. Recognising the
sensitivity of results to the rules chosen, an alternative case is explored with a different
price band. In both cases, this hypothetical band is chosen to represent an international
agreement without considering the exact mechanisms of coordination, side-stepping
practical questions addressed by other OECD research (Gilbert, 2011). The notion of
socially optimal stocks is not explored.

The rules are characterised by four key parameters relating to the price and two
relating to stock levels. Consider what happens in one year if the price in the previous
year was in the range deemed acceptable with normal buffer stocks on hand (Figure 4).
First, if the price rises above USD 300 per tonne, buffer stocks begin to be released.
Second, by the time the price rises to USD 350 per tonne, then all buffer stocks will have
been released in the effort to mitigate the price surge. Third, if the price declines, then a
price of USD 250 requires purchases or acquisition of stocks to help raise prices above
this lower trigger level. Fourth, at USD 200, the buffer stocks hit their maximum allowed
limit and further purchases or stock acquisition is stopped. This raises the question of
quantity parameters, of which there are two. One determines the maximum allowed
buffer stocks, 10% of use (including trade) ratio, to be acquired and held. The second

14 It should be noted that this is a very stylised and perfectly designed buffer stock scheme in which

the price band is chosen to fit the stochastic price outcomes and in which all participants play
exactly according to the rules, something that has not always occurred in the history of ICAs.
Furthermore the noted limitations of using annual data may also be more important in this kind
of experiment where periodic price surges/falls occur within particular years.
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relates to the quantity of normal buffer stocks, 5% of use, to be held if price is within the
band.

Figure 4. Buffer stock scheme rules about price band and stock levels
assuming normal buffer stocks are on hand initially
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Condition: Far above price band
Action: Hold no (0%) buffer stocks

E.g. sold off by this point . Price trigger = 350

Condition: Above price band

Action: Hold less than normal buffer stocks
E.g. start releasing stocks

Price trigger = 300

Condition: In price band
Action: Hold normal (5%) buffer stocks%
E.g. no stock activity

PRICE

Price trigger = 250

Condition: Below price band
Action: Hold more than normal buffer stocks
E.g. start buying stocks

e Price trigger = 200

Condition: Far below price band
Action: Hold maximum (10%) buffer stocks
E.g. buy no more stocks
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The participating countries in this buffer stockholding scheme are assumed to be
Argentina, Australia, Canada, Egypt, the European Union, Indonesia, Japan, Korea,
Malaysia, Mexico, Pakistan, Russia, Ukraine and the United States.”> A key assumption
about the stylised wheat stockholding scheme is that countries buy or release buffer
stocks in their domestic markets; based on the application of the wheat stock acquisition
rule and the world wheat price, these countries buy or release stocks on their internal
markets. By locating the stocks in specific countries — an advantage of a large model such
as the one used here — the wheat buffer stocks scheme scenario has a dose of reality that
may not be true for analyses that treat buffer stocks as though they are bought and sold in
world markets, perhaps implying some multinational stock-holding entity or that stocks
are held at ports ready for export or import. In the present treatment, the countries in the
hypothetical scheme own the stocks, and the stocks acquisition and release affect their
domestic markets first. Intervention in local markets will affect world markets to the
extent that traders are able to take advantage of any arbitrage opportunities. In some
instances, their ability is curtailed by policies, such as tariff-rate quotas, so impacts in
domestic markets in these cases may become pronounced before affecting trade, and
world markets. Another fundamental point is that a stockholding scheme might be cast as
a global enterprise tied to world market prices, as in the hypothetical scenario explored
here, or as a more limited stock policy that offsets specific events that disrupt food
consumption in a particular location or region.

15.

The list of participating countries is not identical to the previous list for the higher stock
scenarios. The choice is motivated in part for technical reasons, namely the fact that introducing
new buffer stocks does not depend on existing stock demand equations, and should not affect
results substantially.
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Box 2. Summarising stochastic simulation output

Stochastic simulations of AGLINK-COSIMO generate hundreds of values for prices and
guantities, with each solution representing a ten-year outlook projection contingent on a particular set
of exogenous shocks. Summary statistics represent the results of these simulations. For example, the
baseline data for the world wheat price are summarised using a few key statistics (Table 2.1). The
average value of all the hundreds of wheat price observations in marketing year 2020/21 is USD 272
per tonne. The standard deviation of these results, a measure of how widely distributed they are, is
51, which equals 19% of the average value. The percentiles are another way to look at the dispersion,
but also to understand better the extreme values. (Ranking all the 2020 wheat prices, the value that is
5% from the bottom is USD 196 per tonne and USD 364 is 5% from the top. The mid-point or median
value is USD 268 per tonne.)

Comparing the average and the median and looking at the percentile data suggest an asymmetric
distribution. The median is a bit lower than the mean, so there are more values below the average but
the high values are further from the mean. Comparing the 5" and 95" percentiles with the median, the
95" percentile value in 2020 is farther from the median than the 5 percentile value. Thus, it appears
that the values at the extreme upper end of the range tend to stand out.

Table 2.1. Baseline world wheat price, USD per tonne.

2011 2012 2013 2014 2015 2016 2017 2018 2019 20

Average 274 228 249 241 256 255 263 265 270 2
Standard deviation 31 30 42 44 51 49 51 50 52

relative to mean 11% 13% 17% 18% 20% 19% 19% 19% 19% 1<

Percentiles

5 233 186 189 177 180 184 188 189 192 1

20 249 202 215 205 209 215 219 222 225 2

50 (median) 269 226 244 237 253 251 258 261 266 2

80 297 250 283 274 298 294 305 306 317 3

95 331 280 329 325 349 341 354 357 358 3

Source: Summary statistics of model simulation output.

The OECD (2010) used a measure of year-over-year price changes to estimate price volatility:
on9 Py
Volatility(P) = \/VARtE(t_“) (lnrfl).

The median value of this calculation is used here to compare the results among these scenarios
in terms of the impacts on year-over-year changes in the world wheat price at the end of the projection
period. The stochastic baseline value is 9.4%.

These measures of volatility allow the reader to assess the distribution of simulated wheat prices
using the mean, the standard deviation, the percentiles, and the year-over-year variation. Each
measure has its uses. For example, the standard deviation is a better measure of dispersion overall,
but the percentiles help to compare the effects of a scenario at the price extremes as well as at and
near the median. To facilitate communication, this selection of volatility measures will be used to
characterise the results of each scenario.

A technical point is that there is no displacement of private stocks by the buffer stock
scheme. In reality, the presence of a buffer stock scheme that is intended to limit price
movements will decrease the incentive for private agents who might otherwise try to
build stocks when prices are low in order to have commodities available to sell when
prices rise. Although wheat stocks, apart from the new buffer stocks do respond to price
signals in these simulations, there is no fundamental change imposed that could reflect
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how they respond to the reduced profitability of storing wheat. Stocks continue to be
held, usually based on current price relative to an expectation of future price that is based
on a moving average of recent prices. To the extent that private agents reduce their
stocks, this response will offset some of the new buffer stocks, reducing their
effectiveness without decreasing the costs to taxpayers.

3. Market sensitivity as developing country demand becomes less elastic

This scenario addresses the question of how sustained high income growth in the
BRIC countries that reduces responsiveness of demand to price changes (but not overall
consumption levels) affects world commodity market volatility, measured with annual
prices, over the projection period. The results of the stochastic experiments suggest that
the effects are modest over the ten-year projection period. The BRIC scenario results in
somewhat greater volatility in year-over-year price changes, at 10.2%, relative to the
stochastic baseline value, 9.4%, taking the median value in marketing year 2020 (Box 2).
The changes in world wheat price average, standard deviation, and percentile values are
all quite small, but move in the same direction (Table 2). The small effect on average
prices reflect the design of the scenario, in that the original price level is largely
maintained in order to focus on the implications of changing demand elasticities on price
variation, so the responsiveness of demand changes but there are no shifts in food or feed
demands for wheat.

Table 2. BRIC scenario world wheat price, USD per tonne

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Average 274 228 249 241 256 255 263 265 270 272

Standard deviation 31 30 42 44 51 49 51 50 52 51

relative to mean 11% 13% 17% 18% 20% 19% 19% 19% 19% 19%
Percentiles

5 233 186 189 177 180 184 188 189 192 196

20 249 202 215 205 208 215 219 222 225 227

50 (median) 269 226 244 237 253 251 258 261 266 268

80 297 250 283 274 298 294 305 306 316 310

95 331 280 329 326 349 341 354 357 358 366

Difference from stochastic baseline

Average 0.00% 0.00% 0.00% -0.01% -0.01% -0.02% -0.03% -0.03% -0.01% -0.03%
Standard deviation 0.00% 0.02% 0.06% 0.08% 0.09% 0.12% 0.16% 0.18% 0.29%  0.27%

relative to mean 1.000 1.000 1.001 1.001 1.001 1.001 1.002 1.002 1.003 1.003
Percentiles

5 0.00% -0.01% -0.02% -0.05% -0.06% -0.08% -0.15% -0.14% -0.05% -0.17%

20 0.00% -0.01% 0.00% -0.03% -0.04% 0.03% -0.07% -0.04% -0.09% -0.09%

50 (median) 0.00% 0.00% -0.01%  0.00% -0.03% -0.03% -0.03% -0.03% -0.02% -0.06%
80 0.00% 0.00% 0.00% 0.03% -0.04% -0.05% -0.01% 0.09% -0.04%  0.01%

95 0.00% 0.01% 0.00% 0.01% 0.05% 0.06% -0.02% 0.04% 0.00%  0.39%

Source: Summary statistics of model simulation output.

There are at least two important reasons for the small scale of the impact of BRIC
income growth on world wheat market sensitivity. One is that the time frame is short for
the process. The exact link between average per capita income and sensitivity of demand
is not known, but the estimates used here are based on a gradual process. A key
underlying assumption is that this is a smooth process. However, it may be that there are
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sharper distinctions in demand response at different stages of development, and if so then
passing a break point might cause a larger change in overall market response.

The other reason is that the test focuses on four specific countries, not all developing
countries, and the domestic markets of these countries are not well integrated with world
markets in every case. China and India have traditionally held self-sufficiency and
domestic price management as focal points of their staple grain policies, with less regard
to the potential to achieve some goals more efficiently by allowing increased trade. In
view of their large populations and policies that hinder trade, the effects of changes in
demand in these countries may be more pronounced in domestic markets, rather than on
world markets to which they turn periodically to dispose of surpluses or supplement
supplies. The Russian Federation’s ambivalence about trade and its reputation as a
reliable supplier is demonstrated by its market interventions — wheat export bans — when
prices spiked in 2007-08 and again in 2010. While Brazil maintains a less interventionist
stance, the number of consumers is much smaller than the population of China or India.

All food demand elasticities in these countries are changed in this scenario, not just
wheat food demand elasticities. The wheat price and quantity changes represented here
also include the indirect impacts caused by changes in the prices of other agricultural
commodities on wheat markets. The impacts on the world prices of rice and coarse grains
are of a similar order of magnitude as the wheat price changes. The distributions of world
rice and coarse grain prices also broaden.

The small effects on world prices should not be interpreted to mean no important
effects at all. Looking in more detail at the case of India's food use of wheat, for example,
shows that there are important changes (Table 3). The consequence of less responsive
demand in India is exactly that: changes in market prices cause smaller changes in
consumption. The range of variation in India’s wheat food use narrows more and more as
demand becomes less elastic. Looking at the standard deviation, it is 1% lower than the
stochastic baseline value in 2012 marketing year, and 7% lower in 2020. The percentile
data show the same pattern. The 5" percentile is higher by 0.02% in the 2012 marketing
year and 0.27% higher in 2020; and the 95™ percentile is 0.04% lower in 2012 and 0.49%
lower in 2020. A high price has less power to push down food use in India as income
rises, and a low price gives a smaller incentive for more consumption as consumers
become less poor or more affluent over time.

The effects are small over the ten year period, but assumed income growth over time
causes world commodity markets to become less and less responsive to prices. The
changes in price ranges would presumably be greater if the analysis were extended farther
into the future. The changes in elasticities over this period are between one-fifth and one-
third of the estimated changes in elasticities if BRIC per capita GDP were USD 35,000, a
level that would put these four countries firmly within the GDP range of OECD members.
Changes in price levels would probably be apparent if the initial food use volumes were
allowed to change rather than imposing the same baseline starting values to focus on
volatility. Large changes could lead to other questions. For example, if the range of price
variation increases dramatically, then will more private stocks be held to take advantage
of the greater opportunities for arbitrage? If price levels rise substantially, then how will
input suppliers respond over a long-run horizon in terms of developing new management
techniques, seed varieties and other productivity enhancements? At what point would
changing circumstances lead to changes in policy mechanisms, or even more fundamental
restructuring of policy? Thus, while results here support the view that income grown in
developing countries seems likely to have limited impact on market volatility in the

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°59 © OECD 2012



22 - WORLD WHEAT PRICE VOLATILITY: SELECTED SCENARIO ANALYSES

medium-term future, extrapolating the results shown here into the far future without
considering such questions could lead to incorrect policy decisions.

Table 3. India wheat food use in BRIC scenario, million tonnes

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Average 74 75 76 77 79 79 80 81 82 83

Standard deviation 0.9 1.2 1.5 1.8 2.0 2.2 23 2.4 2.6 2.6

relative to mean 1.2% 1.6% 2.0% 2.3% 2.6% 2.8% 2.8% 3.0% 3.1% 3.1%
Percentiles

5 73 73 74 74 75 75 76 76 77 78

20 74 74 75 76 77 77 78 79 80 81

50 (median) 74 75 77 78 79 79 80 81 83 83

80 75 76 78 79 80 81 82 83 84 85

95 76 77 79 80 82 82 83 84 85 86

Difference from stochastic baseline

Average 0.0% 0.0% 0.0% 0.0% -0.1% -0.1% -0.1% -0.1% -0.2% -0.2%
Standard deviation 0.0% -1.1% -2.1% -2.9% -3.8% -4.4% -5.2% -5.7% -6.4% -7.0%

relative to mean 1.000 0.989 0.979 0.971 0.963 0.956 0.949 0.944 0.938 0.932
Percentiles

5 0.00% 0.02% 0.05% 0.09% 0.11% 0.16% 0.19% 0.21% 0.30% 0.27%

20 0.00% 0.01% 0.01% 0.03% 0.02% 0.06% 0.05% 0.05% 0.04%  0.01%

50 (median) 0.00% -0.01% -0.03% -0.04% -0.07% -0.10% -0.13% -0.17% -0.20% -0.27%
80 0.00% -0.02% -0.06% -0.09% -0.12% -0.15% -0.22% -0.28% -0.33% -0.38%

95 0.00% -0.04% -0.09% -0.14% -0.21% -0.27% -0.28% -0.35% -0.46% -0.49%

Source: Summary statistics of model simulation output.

The findings suggest a more nuanced view of this underlying structural change in
world agricultural markets. These results do support the potential for demand inelasticity
associated with income growth to increase world market volatility. However, these results
also demonstrate that demand inelasticity means that consumers will be more likely to
sustain their desired level of use no matter what are the price swings. Thus, for the
countries where income growth is a driver behind this structural change, the net effect
might still be more stable quantities of food commodity consumption. The implications
for other consumers who do not experience income growth, however, may well be greater
price volatility without a more-than-offsetting increase in purchasing power. They suffer
from more severe price spikes caused by the generally lower demand elasticity in the
higher income growth regions of the world.

4. What if there were more wheat stocks on hand?

The contribution of low stocks to annual price changes and their volatility is explored
here by assuming the opposite situation prevails in world markets based on a
counterfactual scenario. That is, initial wheat stock to use (or production) ratios in
selected countries are raised to 36%, or only 20% in an alternative scenario, in selected
countries.

More stocks on hand can reduce volatility, with the higher stocks-to-use scenario
lowering volatility to 8.5% in marketing year 2020, as compared to 9.4% in the stochastic
baseline. Moreover, the standard deviation is 14% lower in marketing year 2011 if stock
ratios are at least 36% (comparing a standard deviation of 27 in Table 4 with a standard
deviation of 31 in Table 2.1). Comparing the values of the different percentiles with the
stochastic baseline shows that the more extreme price values are most affected. The
5" percentile is 2% higher than in the stochastic baseline, and the 20™ percentile is 1%
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higher, so the below-average values are increased. The above-average prices are
decreased, with the 80" percentile value 1% lower and the 95" percentile price 2% lower.

Table 4. World wheat price, USD per tonne, if wheat stock ratios are at least 36%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Average 274 229 248 241 255 255 262 265 269 272

Standard deviation 27 29 40 44 51 49 50 49 50 49

relative to mean 10% 13% 16% 18% 20% 19% 19% 18% 18% 18%
Percentiles

5 238 188 191 177 181 183 188 188 191 198

20 252 203 214 205 209 215 219 224 227 229

50 (median) 270 225 244 237 250 251 258 262 264 269

80 293 250 282 276 295 296 304 306 313 311

95 323 282 325 323 346 341 352 353 355 360

Difference from stochastic baseline

Average 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Standard deviation -14% -3% -3% 0% 0% 1% -2% -2% -4% -4%

relative to mean 0.86 0.96 0.97 1.00 1.00 1.00 0.98 0.98 0.97 0.96
Percentiles

5 2% 1% 1% 0% 1% -1% 0% -1% -1% 1%

20 1% 0% 0% 0% 0% 0% 0% 1% 1% 1%

50 (median) 0% 0% 0% 0% -1% 0% 0% 0% -1% 0%

80 -1% 0% -1% 1% -1% 0% 0% 0% -1% 0%

95 -2% 1% -1% -1% -1% 0% 0% -1% -1% -1%

Source: Summary statistics of model simulation output.

These effects, however, tend to fade over time. Subsequent years show a less
substantial reduction in the standard deviation, and less of a narrowing in the percentile
values. The underlying initial pattern of prices matters in arriving at this result. There is a
tendency for a declining pattern of initial world prices at the outset of the projection
period, as shown by the declining average and median values, as the first few years
following strong supply response to price spikes and with little improvement in demand
with weak macroeconomic conditions. Under these conditions, few simulations lead to a
quick draw-down in stocks. In the later years, as the supply surge eases, and income
growth is assumed to recover and be sustained, there is more possibility for market
tightness to draw down stocks. The impact of higher initial stocks is smaller by the final
years of the projection period, by which time some of the additional stocks have been
sold off in a number of the simulations. More importantly, the overall world wheat
market volume or size is more than 10% greater by the end of the period, so the fixed
value of initial stocks represents a smaller share of this larger volume, and is
consequently less able to reduce the impacts of shocks to the market.

The effects overall are similar, but much smaller, if the minimum stocks are
maintained at the lower 20% ratio. Most of the countries selected already have at least
20% stock ratios and so there is no or little stock increase. The European Union, Pakistan,
South Africa and Ukraine have higher stocks in this scenario, but other countries already
have more stocks than required to meet this lower threshold. Moreover, where greater
initial stocks are assumed, the size of any increase to reach the 20% target is smaller.
Thus, the additional overall wheat stocks in place at the outset of the experiment are
small, and as a proportion of the world market, so the impacts tend to be quite small as
well.
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Here, only wheat stocks are increased to levels consistent with historical patterns, but
other commodity stocks are not changed. The effects of higher wheat stocks on other
world prices for rice tend to be small, on the order of half a per cent or less, and range of
prices generally decreases. The effects on coarse grain prices are also usually smaller than
the wheat price impact, and the coarse grain price distribution in stochastic output also
narrows slightly.

The results show that appreciably higher stocks lead to at least somewhat lower
market price volatility, but the results also show that scale matters. With more stocks on
hand, and a general willingness to hold more stocks, high prices would be moderated as
stocks are sold, and low prices would be pulled higher as more stocks are purchased.
Such effects are transitory unless the willingness to hold more stocks increases with the
size of the overall market. Unless there is a general desire on the part of private agents to
target (in aggregate) a higher carry-over as a ratio to total use or total production, the
relevance of any given level of stocks declines as the overall market expands over time.

5. A hypothetical agreement to hold buffer stocks and operate a price band

The exact market intervention rules governing the hypothetical wheat buffer stock
scheme are critical, but somewhat arbitrary in the absence of a specific policy proposal or
option. Given the near-perfect rules assumed here and the underlying trends of the
projections, the buffer stock scheme reduces year-on-year world wheat price volatility,
with the median value in marketing year 2020 falling to 8.2% as compared to 9.4% in the
stochastic baseline reference or standard.

A challenge of a buffer stock scheme is to acquire the initial stocks to be held in the
scheme. The initial phase to build stocks tends to drive the world wheat price higher
(Table 5). The wheat price in stochastic simulations averages 9% higher in marketing
year 2011 as compared to the stochastic baseline without a buffer stock scheme. Given
the operating rules of the two price band, namely that more stocks are purchased if the
price is low relative to the band, the effect is more pronounced if the world wheat price
starts off at a low level. World wheat prices up to the median value are 11-12% higher
because of buffer stock purchases, whereas the increase is much smaller for prices at the
upper end of the range in 2011. By raising the bottom end of the price range much more
than the top end, the initial stock building phase narrows the price spread considerably, as
shown by the sharp reduction in the standard deviation.

In marketing year 2013, the buffer stocks tend to be built and operating as expected
(Table 5). If the wheat price is low, then more wheat is drawn into buffer stocks and the
price is bid higher. The effect is apparent in the 2% increase in the 5" percentile value of
the annual world wheat price relative to the stochastic baseline. Conversely, if the price
rises above the band, then buffer stock sales tend to reduce it. Hence, the 95" percentile
price is 3% lower with the wheat buffer stock sales than it would be without them. The
average effect of such actions in extreme cases is a slight reduction in the world wheat
price, but in many simulations there is no market operation and no impact. This
asymmetric impact on prices continues from 2013 on with the 95" percentile price falling
by 3-5% and the 5™ percentile price changes ranging between -1% and 2%.
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Table 5. World wheat price, USD per tonne, with wheat buffer stock scheme

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Average 300 237 247 242 251 252 261 263 270 271

Standard deviation 26 29 38 41 47 47 49 48 50 48

relative to mean 9% 12% 15% 17% 19% 19% 19% 18% 18% 18%
Percentiles

5 259 201 193 179 180 183 188 188 195 198

20 278 214 216 211 210 214 219 223 229 229

50 (median) 301 233 241 237 245 247 253 257 264 267

80 319 255 282 275 296 296 306 306 315 311

95 340 302 318 317 332 333 345 346 350 349

Difference from stochastic baseline

Average 9% 4% -1% 0% -2% -1% -1% -1% 0% 0%

Standard deviation -17% -5% -10% -7% -6% -3% -4% -4% -4% -4%

relative to mean 0.76 0.92 0.91 0.92 0.96 0.98 0.97 0.97 0.96 0.96
Percentiles

5 11% 8% 2% 1% 0% -1% 0% 0% 2% 1%

20 12% 6% 1% 3% 1% 0% 0% 0% 2% 0%

50 (median) 12% 3% -1% 0% -3% -2% -2% -2% -1% -1%

80 7% 2% 0% 0% -1% 1% 1% 0% -1% 0%

95 3% 8% -3% -3% -5% -2% -2% -3% -2% -4%

Source: Summary statistics of model simulation output.

The price impacts of the hypothetical buffer stock scheme determine how it affects
consumption (Table 6). The buffer stock policy reduces world wheat price variability,
leading to lower variation in world wheat food use, as shown by the lower standard
deviation. However, wheat food use is also lower in the early years, when buffer stocks
are built and prices are higher. Buffer stock purchases represent a new demand in the
market that drives price higher than it would otherwise be, out-competing some food and
other uses of wheat such as for animal feed. After marketing year 2013, the effects on the
distribution of food use are mixed, but in most years the lows are increased and highs are
decreased.

The wheat buffer stock scheme is assumed to be implemented by participating
countries that acquire and release stocks of wheat on their domestic markets according to
the level of world wheat price relative to an agreed price band. The price impacts are
consequently often strongest in the domestic markets of these countries before being
transmitted to world prices through changes in wheat exports and imports. For countries
participating in the buffer stock scheme, the average increase in domestic prices to
consumers (after accounting for normal margins) relative to the consumer price in the
stochastic baseline is 2.1% in marketing year 2011, but 3% or more in three instances.
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Table 6. Wheat buffer scheme effects on world wheat food use, millions tonnes

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Buffer stocks
Average 462 470 475 480 487 492 496 502 507 511
Standard deviation 2.3 3.3 4.4 5.0 5.4 6.0 5.9 5.8 5.9 5.9
relative to mean 0.5% 0.7% 0.9% 1.0% 1.1% 1.2% 1.2% 1.1% 1.2% 1.2%

Percentiles

5 459 465 468 473 478 481 487 492 497 501
20 461 468 471 476 483 487 491 497 502 506
50 (median) 462 470 475 480 487 492 497 502 507 511
80 464 473 479 485 492 497 502 507 512 517
95 466 475 482 488 496 501 506 511 516 521

Difference from stochastic baseline

Average -0.5% -0.2% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0%
Standard deviation -16.6% -8.6% -5.9% -4.2% -2.5% 0.9% -1.5% 0.1% -2.4% -0.8%

relative to mean 0.84 0.92 0.94 0.96 0.97 1.01 0.98 1.00 0.98 0.99
Percentiles

5 -0.4% -0.2% 0.2% 0.1% 0.1% 0.0% -0.1% 0.0% 0.1% 0.0%

20 -0.4% -0.1% 0.0% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 0.1%

50 (median) -0.6% -0.2% 0.1% -0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0%
80 -0.6% -0.3% 0.0% -0.1% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0%

95 -0.6% -0.4% 0.0% -0.1% 0.0% 0.0% -0.1% 0.0% -0.1% 0.1%

Source: Summary statistics of model simulation output.

The new buffer stock policy for wheat has financial implications for the taxpayers of
participating countries.’® Selling buffer stocks at times of high prices offsets some of
those costs — assuming that the proceeds are used to help pay for the program rather than
for some other purpose, such as a complementary subsidy scheme to help poor consumers
at times of high prices. We represent the cost data from stochastic simulations by
reporting the average, standard deviations and percentiles, as in previous discussions
about prices. However, we also report separate averages for the cases where there are
costs for holding or buying stocks, and the cases where there are net revenues over costs
from selling or releasing stocks. The purpose is to show the sorts of costs and revenues
possible, and this distinction might take on particular importance if there is some
expectation that stock sale revenues at times of high prices should be used for some
purpose, such as for food aid, other than to fund the stock scheme.

The initial step of acquiring wheat stocks for use in market stabilisation leads to
significant financial outlays. Costs average over USD 5 billion dollars in marketing year
2011 (Table 7). The range of costs in the stock building phase is fairly wide, but there is
no scope for offsetting receipts as there are no buffer stocks on hand to sell no matter how
high the price is in that year. Even the 10™ percentile, close to the lower extreme of
simulated results, involves an expenditure of USD 2.9 hillion. The 90" percentile
suggests that annual net costs during the stock buying phase can be well over USD 6
billion.

16. Following OECD (2010d), the storage cost is assumed to be USD 36 per tonne per year, while
the costs of rotating inventories to maintain their usability are ignored.
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Table 7. Wheat buffer scheme costs, USD billion per year

2011 2020 2011 2020
Average 5.14 0.84 Percentiles
Of those with net costs 5.29 1.33 90 6.4 2.3
Of those with net receipts 0.00 -1.38 50 (median) 5.8 0.9
Standard deviation 1.56 1.45 10 2.9 -0.5
Relative standard deviation 30% 172%

Note: The calculations of averages of instances with net costs and net receipts exclude values of zero costs.
Zero net costs are possible, particularly in 2011 if the price is too high to start buying stocks, but there are no
stocks to sell so no receipts as well. Costs are in current USD dollars, not discounted to present value.

Source: Summary statistics of model simulation output.

The initial cost of the policy is not representative of later years. For example, stock
building must take place early on, but rebuilding may or may not occur in any subsequent
year. Also, buffer stock sales are possible after the initial stock building phase. Marketing
year 2020 cost data are presented to show the case of a year after the stock-building
phase, and perhaps more representative of the long-term effects.'’” The average (net) cost
in marketing year 2020 is just under USD 1 billion. The average (net) costs in other years
are only slightly higher. Of the years with net receipts from stock sales, the average
receipts obtained are USD 1.4 billion. This represents substantially higher average net
receipts than the 10™ percentile value of costs (USD 0.5 billion), indicating that there are
large releases of buffer stocks at a high price in a small number of simulations in
marketing year 2020. (This is expected, and reflects the design of the buffer stocks as an
instrument to reduce the upper end of the price range.) The 90" percentile value suggests
that the upper end is over USD 2.3 billion of costs, which is not much greater than the
average of observations with net costs (USD 1.3 billion), indicating that there are many
instances of USD 2-4 billion costs, most likely associated with storing existing stocks.

The buffer stock scheme is restricted to wheat, but there are impacts on other
commodity markets, too. The initial increase in wheat prices during the stock building
phase drive up the rice price by almost 1%, on average, and the average coarse grain price
is 1-2% higher. After that, the impacts on rice and coarse grain prices are smaller, and
usually represent a narrowing in the range of simulated prices. The increase in wheat
prices leads to an initial fall of -4 % in feed wheat consumption, but this effect fades in
following years. The higher wheat and coarse grains prices, although not large, will have
some flow on effects for livestock production. With their short production cycles, the
main impact is to lower world pork and poultry production, which raises prices somewhat
and reduces global consumption of these two products marginally in the first few years.

A scheme to stabilise wheat prices has some theoretical potential to succeed, at least
in part, although attempts to implement commodity price stabilisation as part of broader
International Commaodity Agreements have failed for a variety of reasons (Gilbert, 2011).
By assessing the simulated outcomes and choosing a price band carefully, an operating
buffer stock plan narrows the simulated range of world wheat prices. This reduction is not
free, and in a typical year with the stockholding agreement in place could lead to higher
prices and high costs of accumulating or rebuilding buffer stocks, or smaller costs of
storing existing stocks, but with revenues from stock releases generating revenues in

1. Annual costs are in nominal terms. The net costs could be aggregated into a single net present

value calculation, but only if an appropriate interest rate and time horizon were defined.
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particular years. This raises two additional points. First, starting the buffer stock plan
imposes a cost to taxpayers. This start-up cost is added to on-going stockholding costs,
leading to estimates that run into the tens of billions of USD over a ten-year period even
to achieve a moderate narrowing of the price range. A second cost is for consumers. The
initial phase of buffer stock building, as well as any subsequent rebuilding after stocks are
used, leads to higher world prices. The impact of higher prices at such times on food
availability is negative. Policy may also run up against the conflicting imperatives of
consumers and taxpayers when buffer stock sales generate wind-fall revenues at a time of
a severe price spike. For example, taxpayers may want to count these revenues against
long-term program costs, and consumers may want revenues to fund subsidies to apply
against any residual increase in the price after stocks are depleted.

Box 3. An increasing wheat buffer stock price band

It might be argued that the buffer stock rules used here are too good to be true. Whereas
Gilbert’s (2011) review of historical ICAs suggests that choosing the exact price band is tricky, a
point echoed in other reviews (Tangermann, 2011), it is chosen here after observing the
outcomes of stochastic model simulations. In contrast, policy makers who favour such schemes
would need to reach an agreement for a price band that is acceptable to the opposing interests
of both producers and consumers, and takes into account unobserved future price volatility. We
examine an alternative price band assumption that might follow if the goals of the program
expand beyond price stabilisation, or if the band is simply chosen poorly. In this case, the price
band is USD 10 per tonne higher in each year, from marketing year 2011 to 2020, to reach USD
100 per tonne higher by the end of the projection period. This alternative price band raises the
average wheat price by about 1% over that of a buffer stock scheme with a stable price band,
and with prices at the lower end of the price range increasing the most.

A higher price band also has implications for the financial outlays of countries that participate
in the scheme. The initial impact is a cost increase of about half a billion USD in marketing year
2011. Even so, the 10™ percentile value for costs in that year is increased to USD 3.6 billion, as
compared to USD 2.9 billion with a stable price band. The average cost in marketing year 2020
is up about one billion USD with the higher price band. The 90" percentile is USD 3.4 billion, as
compared to USD 2.3 billion with a stable price band. The costs would probably be greater if the
band were set higher.

This exercise suggests the costs of a rising price band in the context of prices that do not
have an underlying tendency or trend to increase. However, the intention is to make a general
point: the costs and market effects are sensitive to the relationship between the price band, and
the fundamentals that drive price trends and variability over time. A key challenge to a buffer
stock policy is identifying the appropriate price band that balances objectives of stabilising price,
reducing taxpayer support and, perhaps, other objectives as well.
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Box 4. Identifying further avenues of research

The focus of this research is on three specific scenarios that help to understand price variability in
wheat markets. The exercise also presents an opportunity to consider further avenues of research that
can improve the ability of AGLINK-COSIMO to be used in stochastic simulations to address questions
of risk. Policy questions relating to risk may be more relevant than ever because many OECD
countries have changed much of their support away from coupled policies to decoupled policies,
potentially allowing producers to experience more market risk than in the past. Moreover, the price
spike of 2007-08 and subsequent price changes suggest to many observers that high market risk for
producers and consumers may be a key consideration of agricultural commodity markets in the future.

AGLINK-COSIMO stochastic analysis is a unique tool that exploits the policy and market
specificity of the large-scale structural model. The many hundreds of outcomes each reflects a market
setting that is consistent with represented policies, including trade measures, domestic policies and
biofuel policies, and characteristics of agricultural commodity markets. Nevertheless, there is room for
improvement. For example, as observed in previous OECD work (2010), the stochastic simulations
capture only a part of historically observed variation. More forces that cause market variation could be
incorporated.

Policy represents an important component of AGLINK-COSIMO already, but certain details might
become relevant in stochastic analysis that are not important in a traditional non-stochastic approach.
As noted earlier, some policies respond differently under different circumstances, so a representation
that is relevant for a particular price range might not be as accurate for extreme values. Details of
implementing policies can also take on greater importance. An example is biofuel mandates that set
minimum levels of use. AGLINK-COSIMO represents such policies up to a point, but may not be so
elaborate that it includes any possibility for intertemporal shifts in the mandate (such as “rollover” in
the United States), or the potential that mandates will be adjusted or waived if costs become very
high. Changes in agricultural, biofuel, or other policies can also be sources of volatility in markets. For
example, the agricultural commodity price spikes of 2007-08 and 2010 were exacerbated by trade
policy changes undertaken in a number of countries. However, it seems unlikely that policy itself is
likely to be varied stochastically in the model.

The representation of decision making largely ignores the possibility that changes in the level of
risk affect market behaviour. Following standard practice of large-scale dynamic models, equations
representing producer and consumer behaviour do not include explicit terms for variation in returns or
in costs. In reality, changes in riskiness of options might affect behaviour. For example, if net returns
to one crop become more variable over time relative to the variability of net returns from planting
another crop, then producers might opt to grow more of the second alternative (if average net returns
do not change). On the other hand, such effects would be reduced if agents use markets to trade risk,
such as when a producer hedges in order to sell some of their price uncertainty. OECD research on
risk is extensive (2011b), and some lessons from this research might be incorporated into AGLINK-
COSIMO. Another avenue of research concerns the treatment of price expectation on the part of
producers and stock demand. Simple representations based on past prices are currently incorporated
but other specifications could also be examined.

Private stock holding behaviour might also change if market variability changes. If such stocks are
motivated by the possibility to buy low and sell high rising price variation increases this possibility,
giving an incentive to hold more stocks. As noted in the text, there is the potential that public stocks
intended to reduce price variability will crowd out private stocks by reducing the incentive for private
agents to store commodities.
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6. Conclusions

The limitations to this study, as described in the text and listed in the executive
summary, follow from the use of a new analytical tool to assess the impact of selected
structural factors and policy options on ranges of annual average commodity market
prices. While these methods are under refinement, the directional impacts and the order of
magnitude suggest certain conclusions based on forward-looking simulations of a
structural economic model. First, the results support the view that declining demand
elasticity from economic growth and rising incomes in developing countries will cause
commodity price volatility to increase as consumption behaviour shows less response to
changes in prices, but the medium-term effects on price volatility may be small. The
underlying reason for slightly greater price volatility is that more consumers maintain
their consumption at desired levels, so consumers whose income is higher are less likely
to suffer food insecurity at a time of high food prices. On the other hand, for some
consumers in regions, both within and across countries, with low economic growth will
lack the growth in personal incomes that would help them to endure periodic price spikes.
Less response in consumption on the part of higher income consumers to surges in wheat
and food prices will tend to exacerbate the situation of these poorer consumers.

Second, higher commodity stocks would reduce annual market price volatility, at
least until stocks are fully dissipated. However, if there is not a widespread willingness to
hold a greater quantity of stocks at any given price, then the effects may be fleeting, and
policies that reduce price volatility would reduce the incentive to hold stocks. Any given
volume of stocks will eventually be out-paced by expanding market supply and demand,
and their price buffeting effects mitigated. Thus, policies that intend to use stocks to
smooth out future price spikes must be couched in relative terms, with rising stock
volumes, and associated costs as well.

Third, although there are many practical hurdles (Gilbert, 2011), results reported here,
based on a robust quantitative analysis utilising a stylised and hypothetical buffer stock
scheme, suggest that such an arrangement could, in principle, reduce annual market price
volatility. However, even if such an arrangements works according to plan, the impacts
on prices might be modest relative to assessed financial outlays in a context where price
spikes are periodic events defined by sampling from historical patterns of observed
variations in selected explanatory factors. These results are sensitive to the exact rules for
market intervention that defines the price stabilisation band, whether revenues from stock
sales are used to reduce costs and ideally minimises displacement of private stocks. The
absence of risk aversion in the AGLINK-COSIMO model is another important limitation
in assessing measures such as buffer stocks for market stabilisation. This stylised example
also sidesteps the practical challenge of choosing price targets or bands — one that cannot
easily be addressed as historical data are insufficient for perfect prediction of future price
variability — as well as a host of other issues such as the need for coordinated responses,
financial commitments and to arrive at a balance between the different incentives of
participants which could affect the choice of the price stabilisation band in an
international agreement and its effective implementation (such as free riders and
cheating), Historically, these obstacles appear to have been the major causes of the
demise of such schemes The results of this quantitative analysis are more limited and tend
to emphasise the importance of expected taxpayer costs and unintended price
consequences that take the form of higher commodity prices during stock-building
phases, as well as the sensitivity of choice of the price band to the results achieved.
Accordingly, a price band based on historical prices may not necessarily reflect the reality
of a high price plateau in the future.
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