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Brazilian Agricultural Research Corporation

Empresa Nicaragiianese de Alimentos Basicos, or Nicaraguan Basic
Food Company
European Union
Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland,

Portugal, Romania, the Slovak Republic, Slovenia, Spain, Sweden,
and the United Kingdom
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XX

FAO
FOB
FSNWG
FTA

FY
G-20
GATT
GDP
GHG
GIEWS
GMO
GSA
IMF
LAC
LAC5

LACI10

LDC

LPI
LPJN
MA-OTRI
MAPE
MEP
Mercosur
MFN
MPS

mt
MTBE
MUV
NFA
NPK
NRA
NTB
NTM
OECD
PAA
PNAE

Abbreviations

Food and Agriculture Organization (of the United Nations)
free on board

Food Security and Nutrition Working Group
free trade agreement

fiscal year

Group of 20

General Agreement on Tariffs and Trade

gross domestic product

greenhouse gas

Global Information and Early Warning System
genetically modified organism

Ghana Standards Authority

International Monetary Fund

Latin America and the Caribbean

Argentina, Brazil, Colombia, Mexico, Reptiblica Bolivariana de
Venezuela

Argentina, Brazil, Colombia, Mexico, Reputblica Bolivariana de
Venezuela, Chile, Costa Rica, the Dominican Republic, Ecuador, Peru

least developed country

Logistics Performance Index

Lembaga Padi dan Beras Negara, or Padi and Rice Board
Market Access Overall Trade Restrictiveness Index

Mean Absolute Percent Error

minimum export price

Mercado Comun del Sur, or Southern Cone Common Market
most-favored nation

market price support

metric ton

methyl tertiary butyl ether

manufacture unit value

National Food Authority (the Philippines)

nitrogen, phosphorous, and potassium

nominal rate of assistance

nontariff barrier

nontariff measure

Organisation for Economic Co-operation and Development
Programa de Aquisicdo de Alimentos, or Food Acquisition Program

Programa Nacional de Alimentagio Escolar, or National School
Feeding Program
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Abbreviations XXi

PP Phillips-Perron

PPP purchasing power parity

PPRSD Plant Protection and Regulatory Services Directorate (Ghana)
PSE producer subsidy equivalent

PSE Producer Support Estimate

PTA preferential trade agreement

PWO Public Warehouse Organization (Thailand)

Rp rupiah

RTA regional trade agreement

SADC Southern African Development Community

SAGARPA Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca,
y Alimentacién, or Secretary of Agriculture, Livestock, Rural
Development, Fisheries, and Food

SPS sanitary and phytosanitary

SSM Special Safeguard Mechanism

STE state trading enterprise

STR Simplified Trade Regime (Malawi, Zambia, Zimbabwe)
S/U stock-to-use (ratio)

TAEC Tanzania Atomic Energy Commission

TFDA Tanzania Food and Drugs Authority

TPRI Tropical Pesticides Research Institute

TRI Trade Restrictiveness Index

UEMOA  West African Economic and Monetary Union
UN United Nations

VFA Vietnam Food Association

WFP World Food Programme

WISC wheat-import supply chain

WTO World Trade Organization
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Overview

Introduction

Because global population is expected to surpass 9 billion by 2050, food security
remains among the most pressing development issues of our time. The physical
and economic access of not only nations, but also individuals and households
to sufficient and nutritional foods is linked with poverty. Inadequate access to
technology, land, water, and other agricultural inputs, as well as climate and other
environmental factors, routinely imperils the ability of poor people to produce
or secure sufficient food. Furthermore, the obligation of governments to nurture
an enabling environment for food security based on economic openness, func-
tioning markets, and sound policy making has been a development challenge too
often unmet.

Much of the increase in world food demand in the coming decades as a result
of population growth will continue to originate in developing countries where,
according to the United Nations, nearly one billion people (or about 16 percent
of the world’s population) still go hungry every day. Demand for food in China
alone will account for 46 percent of the increase in global food consumption by
2050 (figure O.1). At the same time, many developing countries are experienc-
ing rapid urbanization and rising incomes that have been accompanied by
an evolving diet away from traditional crops toward more animal-based foods
(figure O.2). These trends are altering the food production landscape and calling
into question how the world can best adjust to this new reality.

However, food security today is less a question of whether the Earth is
capable of producing enough food for such a large and growing population;
indeed, food shortage at the global level has yet to pose a legitimate threat.
Rather, the role that political factors, ownership, institutions, and inequality play
in the distribution of food remains pivotal. The notion that food may be avail-
able even in instances of food shortage or high prices, but the urban poor simply
have no access to it was laid bare over three decades ago in Amartya Sen’s
(1981) seminal work, Poverty and Famines: An Essay on Entitlement and
Deprivation. In many ways, food security in the twenty-first century continues
to amount to the premise that having enough to eat is more an issue of ensuring
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Figure 0.1 Food Demand from Asia
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Figure 0.2 Increasing Supply of Animal Protein for Domestic Consumption
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local access to the global food supply at affordable prices than of questioning
whether the supply exists at all. In today’s world, the mechanisms that threaten
global food security often persist in the form of barriers prohibiting the efficient
movement of food from areas of food surplus to those of food deficit, often
across borders.
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At the heart of this conundrum are world food prices, which, following
three decades of decline, have spiked in recent years. Even in real terms, the
magnitude, frequency, and variability of these price increases seem ominously
permanent, unlike the price spikes in previous decades that seemed more teth-
ered to isolated international events such as the oil crises of the 1970s. During
the latter quarter of the twentieth century, inelastic demand for foodstuffs,
coupled with a lack of differentiation among agricultural commodity produc-
ers, led to highly competitive markets and falling prices. The trend was propa-
gated by technological improvements, reduced market protection, and currency
devaluation in many agriculture-producing countries (Gillson, Wiggins, and
Pandian 2004). Recent price surges, conversely, have been attributed to a
myriad of factors, such as weather shocks, biofuel promotion policies, U.S.
dollar depreciation, rising production costs, and nontariff trade measures
(FAO 2011). The higher prices have reignited the food security debate as
concern about ensuring food availability for the poor mounts. Net buyers of
food in developing countries, especially those living in urban areas, have been
the hardest hit by high food prices. As the most rapidly growing segment of the
world’s population, the urban poor are among those likely to benefit most from
increased food security.

Higher world food prices translate into uneven distributional effects. Just as
net sellers of food gain at the expense of net buyers when prices rise, terms
of trade improve for net food-exporting countries and worsen for net food-
importing countries, although the extent of this result depends on both country
size and the type of trade policy implemented (see chapter 4). This reality
increasingly affects developing countries that have emerged as major players in
world food markets. Two decades ago, the largest exporters of food did not
include a single developing country, but today China and Brazil are among the
largest at a time of declining growth rates in agricultural productivity. These large
developing countries will likely have to pick up the slack in terms of publicly
supporting agricultural research and development, given declining rates of public
expenditures in developed countries (Alston and Pardey 2014). At the same
time, food production patterns are continuing to change in response to supply-
side pressures such as climate change, thereby making improvements to food
security all the more challenging.

In the context of these emerging trends, this book’s purpose is twofold. First,
it aims to provide guidance on understanding the drivers of high world food
prices, the factors that determine the transmission of world food prices to domes-
tic markets, and the key barriers to trade in food for developing countries. These
are particularly salient topics for dissection given the increased frequency and
persistence of recent food price spikes, as well as developing countries’ varied
experiences in weathering them. Second, the book draws on examples of best
(and worst) practice from around the world to assess the role of trade policy,
trade facilitation, and logistics in enhancing both national and global food
security. From a philosophical standpoint, the book is grounded by two impor-
tant presuppositions: the first Millennium Development Goal to end hunger is
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achievable, and trade policy formulation can be an active (rather than passive or
reactionary) tool in meeting this goal.

Drivers of World Food Prices

The undeniable role of high world food prices in exacerbating global hunger
and food insecurity begs the question: what are the drivers of recent changes in
these prices? World prices are determined by several factors, and the supply
and demand forces of a given food commodity that ultimately dictate its price
are also influenced by a myriad of broader macroeconomic realities. Energy
prices, for example, can influence commodity prices through their potentially
adverse effect on fertilizer prices and transport costs. Food-importing countries
felt this effect acutely during the recent food price spikes, which incidentally
coincided with large increases in maritime freight costs. In chapter 1, the
authors probe the relative importance and effect of several potential drivers of
the world price of maize, wheat, rice, soybeans, and palm oil, such as crude oil
and other energy prices, interest and exchange rates, income growth, and infla-
tion. The key role of energy prices in food price fluctuation is corroborated, but
the authors’ analysis also bears out just how little some of the other drivers
actually appear to matter, particularly compared to stock-to-use ratios, which
were found to have the largest effect on food price fluctuations among the
potential drivers analyzed.

In addition to supply, demand, and macroeconomic factors, however, world
food price changes are also affected by domestic initiatives such as biofuel sup-
port policies. For example, U.S. corn-ethanol policies designed to fulfill energy,
farm, and environmental policy goals precipitated the grain and oilseed price
rise in late 2006, part of a trend of biofuel policies in developed countries lead-
ing to increases in crop prices. This link between crop and biofuel prices has
resulted in a new reality: oil prices now provide a floor for crop prices by way
of biofuel consumption subsidies. Chapter 2 presents a framework to measure
the subsidy effect of such biofuel policies, finding, for example, that actual
shifts in the supply and demand of crops explain only about 15 percent of the
corn price increase in the past four years. This outcome depends not only on
the source of the shock, or on which biofuel policy determines the world bio-
fuel market price, but also on the interactions among the various policy instru-
ments within a country and across countries. In assessing the effects of Brazil’s
sugarcane-ethanol policy, for example, the chapter shows clearly that despite a
comparative advantage in biofuel production, Brazil and other developing
countries were at a disadvantage as net importers because of the sudden
increase in commodity prices.

Of course, domestic prices—not world prices—are what matter most for poor
consumers and farmers alike. The transmission of world prices to domestic prices
is essential in the pursuit of sustainable agricultural production based on com-
parative advantage. However, price transmission is often slow and partial in
developing countries, where markets are often not well linked to international
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food markets. In cases where prices are linked, changes in international grain
prices are transmitted by roughly three-fourths to domestic prices, which is less
than for nonagricultural products. Ultimately, identifying universal concrete fac-
tors that affect the speed and extent of price transmission is extremely difficult,
but qualitative evidence suggests that even in the absence of in-depth country-
by-country analysis, opening up trade, integrating markets, and allowing domestic
prices to rise and fall in concert with international prices can all help strengthen
price transmission for the majority of countries, provided the methods are com-
plemented with effective social safety nets (chapter 3).

High Food Prices versus Food Price Volatility

Although food prices clearly have exhibited spikes in recent years, whether a
similar problem exists with food price volatility is not clear (Gilbert and Morgan
2010). This is an important distinction, given that high food prices hurt poor
consumers by reducing their purchasing power (and benefit producers), whereas
high food price volatility hurts producers. As a result, the benefits of stabilizing
food prices are relatively small from a consumer point of view and may actually
be regressive given how much producers—particularly large food surplus
producers—stand to benefit. According to standard theory, the minor consumer
benefits of price stabilization are sensitive to both the degree of consumer risk
aversion and the share of food expenditure in their budgets (Gouel 2014).

The concept of volatility suggests that periods of both high and low prices
exist, yet food price volatility is often blamed for food riots and other acts of
political unrest. In fact, empirical evidence refutes the notion that price volatility
matters for developing country consumers. Rather, high food prices are relevant.
For example, political unrest in the late 2000s clearly coincided with food price
spikes, particularly in the Middle East and North Africa region (Lagi, Bertrand,
and Bar-Yam 2011), providing support for the argument that the two are corre-
lated. Bellemare (2011) goes further in isolating food price increases as a causal
factor in increased political unrest over the period 1990-2011, while also finding
food price volatility to be associated with decreased political unrest.

Not surprisingly, therefore, riots over high food prices are a signal of signifi-
cant economic hardship for poor households. In addition, there can be signifi-
cant long-term effects on educational outcomes, cognitive skills, and adult
economic achievement when young children face reduced dietary diversity
(D’Souza and Joliffe 2012; Hoddinott and others 2008). Clearly such social
costs cannot be compensated for during subsequent periods of low food prices.
Politicians in developing countries—particularly where large poor populations
exist—must thus be seen to be reacting to food price spikes, as former Prime
Minister Manmohan Singh did during his successful 2009 reelection campaign
by emphasizing how he had limited the effect of the 2008 food crisis on India
(Gouel 2014).

Because of the fact that poor households spend a large share of their incomes
on food compared to households with higher incomes, their purchasing power
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falls more when food prices rise. However, high food prices are not necessarily
unambiguously bad for the poor: the question is whether rural households are
net consumers or net producers of food, and also whether higher food prices
eventually stimulate increased agricultural production, thereby resulting in
higher wages being paid to unskilled agricultural labor. Chapter 5 explores these
issues in detail, finding that even allowing for increased production in the long
run, higher food prices typically raise poverty in the short run, which is what
matters politically.

Still, given the extent to which poor households are affected by high food
prices, policy makers should seemingly intervene in markets only when food
prices are high. But government responses to food price volatility—whether out
of concern for consumer welfare in the case of high prices and producer welfare
in the case of low prices—are carried out in an equally substantial manner by
agricultural-importing and agricultural-exporting countries, respectively, which
ultimately weakens the domestic price-stabilizing effect of the interventions
(Anderson and Nelgen 2012).

The Role of Trade Policy in Boosting Food Security

There is no global food shortage. The problem is local—or sometimes regional—
and centers on moving food, often across borders, from areas of food surplus to
areas of food deficit. Given the relative stability of global food output versus
domestic food output, increased openness to trade in food would be an excellent
buffer to counter domestic fluctuations in food supply, and increased trade inte-
gration in turn holds considerable potential to stabilize food prices. In addition,
market-driven instruments such as futures and options markets and weather-
indexed insurance programs are complementary arrangements to open trade
policies that—if implemented successfully—have the potential to mitigate food
price risks given the limited amount of infrastructure they require, the low costs
they impose on public resources, and the financial security they provide to
vulnerable producers.

Trade policy does have a significant role to play in mitigating the adverse
effects of high food prices and overcoming food insecurity, because world output
of any given food commodity tends to be much more stable than output in any
individual country. Therefore, countries must not only import more food during
times of local scarcity and export more food during periods of local abundance,
but also ensure that policies appropriately incentivize farmers and consumers to
respond to market signals. However, many countries often take the opposite
approach, altering restrictions on food trade in efforts to insulate domestic mar-
kets from world price fluctuations. Even the World Trade Organization’s (WTO)
landmark Bali Package, agreed in December 2013, permits developing countries
to provide domestic food price supports through at least 2017.

Giordani, Rocha, and Ruta (2012) put forward a compelling argument that
when consumers are risk averse, food-exporting countries will use border restric-
tions if the world food market is subject to a large positive price shock.
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Importantly, if a country unilaterally restricts exports in response to a world food
price increase, the initial price shock will be exacerbated, giving rise to a multi-
plier effect whereby exporters implement additional export restrictions. Using a
sample of 125 countries and 29 food products for the period 2008-10, the
authors find that changes in countries’ export restrictions occurred in response
to restrictions imposed by other exporters and that these policy choices had a
significant positive effect on world food prices.

These restrictions and other direct market interventions of this nature mimic
the immediate post-World War II period, when the focus of public policy was
aimed at ensuring price stability for agricultural commodities through input
subsidies, import and export taxes, public buffer stocks, and other policy instru-
ments (Galtier 2009). However, these interventions fell out of favor after 1980.
The economic argument was twofold: first, prices should be allowed to play their
role as a signal for production, trade, and storage decisions, and second, stabilizing
prices could actually increase income instability for producers. The latter was
argued to be a result of the negative correlation between production and price
levels that provides a form of insurance to producers, that is, price and produc-
tion risks partially offset each other (Newbery and Stiglitz 1981). Policy advice
has since stressed that producer incomes should instead be stabilized through
market-based risk-management instruments (for example, futures and options
contracts and weather-indexed insurance) in combination with public provision
of safety nets intended to maintain the purchasing power of vulnerable house-
holds. Furthermore, support for long-run productivity growth in agriculture
through investment has been advocated, as has reliance on trade and private
storage as a means to address market shortages.

However, even these new “best practices” have themselves come under scru-
tiny, particularly in the aftermath of the 2008 food price spike (Abbott 2012;
Galtier 2009; Timmer 2012). Risk management tools are often unavailable in
developing countries; safety nets have proven too complex to use; and poor food-
importing countries have been hurt the most during food price spikes, even as
they have attempted to rely on world markets (Gouel 2014). It is therefore not
surprising that direct intervention to insulate domestic markets and stabilize food
prices remains widespread among developing countries.

If a country is a natural exporter, however, it should not hinder its comparative
advantage with export bans, nor should a country that tends to import food allow
its domestic market to delink from the world market. On the contrary, food
security requires encouraging more trade, including through adopting a more
open, rules-based multilateral trade regime; working to develop new disciplines
on export restrictions; promoting more effective regional integration among
developing countries; and increasing Aid for Trade in support of logistics and
other trade-related reforms, as discussed in chapter 4.

At the multilateral level, food security is central to the WTO’s Agreement on
Agriculture, which seeks a more level playing field in two key elements of food
security—accessibility and availability. On the one hand, the agreement is careful
to ensure that governments retain policy choices to support their agricultural
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sectors. On the other hand, it limits the scope for countries to implement desta-
bilizing policies abroad, thus contributing to a reduction in food price volatility
and improved food security. The agreement has been an important step in
improving the international trading environment for agriculture, but more needs
to be done, particularly by reducing the scope for trade-distorting support but
also by increasing market access and by strengthening disciplines in areas such as
export competition.

International Experience with Trade and Food Security

The second half of this book tackles the above issues from the perspective of
international experience. In Sub-Saharan Africa, current trade requirements for
food staples and crop inputs have undermined the continent’s agricultural com-
petitiveness and prevented small traders from participating in the formal econ-
omy. Despite having some of the lowest agricultural yields per hectare in the
world, many places in Sub-Saharan Africa with good growing conditions already
produce food surpluses that are not traded internationally because of various
constraints. The types of trade barriers that need to be overcome for the conti-
nent to achieve its potential in food trade, reduce poverty, and improve food
security are many.

Trade facilitation can significantly improve the ability of the public and pri-
vate sectors to deliver the core services needed for agricultural growth. Without
it, complicated procedures and formal sector requirements continue to prevent
thousands of small traders from competing with large shippers, as well as under-
mine the ability of African farmers to compete with global commodities, as illus-
trated by the case study in chapter 7 of border costs in the town of Kasumbalesa
in the Democratic Republic of Congo. In addition, long-term commitment and
strong political will are needed to root out the obvious vested interests in the
status quo and the rents generated therein.

Defining a set of actions to achieve trade goals in coordination with regional
partners—including intended outcomes and indicators to monitor progress—
would be a useful first step, because this represents a tangible strategy around
which the international community could organize support. Similarly, efforts to
increase awareness of the current high costs of trade requirements and the
benefits of free trade are important for Africa to realize its potential to feed
itself. In other words, concrete actions to build a constituency for free trade are
critical.

In the Middle East and North Africa, the majority of countries face a number
of food security risks because of their high dependence on food imports.
Population growth, rising incomes, and climate change will only increase their
dependency, making Arab countries even more exposed to international market
volatility in the future than they are today. But the region can import wheat in
a more reliable and cost-effective manner to mitigate wheat-import risks. As
in Sub-Saharan Africa, improved trade facilitation is of the utmost importance.
However, improving grain procurement strategies, increasing the efficiency
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of import supply chain logistics, and designing strategic reserves policies would
also contribute to a comprehensive strategy to improve food security in these
countries.

Conversely, Latin American and Caribbean countries are well equipped to
meet the food security challenge. Despite the countries being quite heteroge-
neous in their production potential, the region has always maintained a strong
comparative advantage in agricultural production relative to the rest of the
world, as indicated by its position as a net food exporter. The region’s high poten-
tial for scaling up its agricultural output is due mainly to its natural endowments,
especially land and water. Modeling of future scenarios suggests that the region’s
already increasing share of world agricultural exports will continue to grow in the
major food categories (cereals, oilseeds, meats, fruits, and vegetables), but to ful-
fill its potential, the challenge posed by climate change will need to be met and
improvements made to its trade infrastructure and logistics.

Latin American and Caribbean countries have wielded a number of trade
policies in their responses to recent high food prices, with mixed results. Some
intervened directly in their domestic markets or attempted to influence prices
through export restrictions or subsidies to producers, while others relied on
income transfers to compensate the poor for price increases. In many cases, sec-
ondary policies had to be adopted to offset adverse effects on domestic prices for
certain groups. As alluded to earlier, the long-term implications of some of these
policy measures, most notably export restrictions, will ultimately have a negative
overall effect on the food sector, given the reduced incentive to invest in agricul-
ture created by them.

Finally, in Southeast Asia, the alarm over food shortages that drove the tripling
of rice prices in 2007-08 and provoked unilateral bans on rice exports, panic
buying, and hoarding within the countries of the Association of Southeast Asian
Nations (ASEAN) now seems exaggerated, if not irrational. The hysteria had
little or no basis in the actual state of regional rice supply and demand. As noted
earlier, world (or in this case, regional) output tends to be more stable than indi-
vidual country output. Behind the worries, however, lay a set of long-standing
and seemingly informed calculations by individual ASEAN governments that
relied—and still rely—on the public sector to promote food security. The book’s
final chapter presents a cautionary view on how trade-related food security
policies may be misdirected and too often wasteful of government and natural
resources.

Ultimately, these international experiences illustrate the positive role that
trade openness has to play in ensuring global food security. Given current fore-
casts of global population growth, the challenge of ensuring that food deficit
areas are supplied efficiently by food surplus areas at prices affordable to low-
income consumers in developing countries will continue to be an important
economic and development issue in the years to come. Trade policy measures
that try to insulate domestic food markets from fluctuating international prices
are not only unhelpful, but also possibly counterproductive, as illustrated by the
collective action problem witnessed during the recent food price spikes.
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CHAPTER 1

Long-Term Drivers of Food Prices

John Baffes and Allen Dennis

Introduction

It is becoming increasingly apparent that the post-2004 commodity price
increases, which initially appeared to be a spike similar to the ones experienced
during the early 1950s (Korean War) and the 1970s (oil crises), have a more
permanent character. Most commodity prices are now two or even three times
higher compared to a decade earlier; from 1997-2004 to 2005-12 nominal
prices of energy, fertilizers, and precious metals tripled, metal prices went up by
more than 150 percent, and most food prices doubled. The price increases, espe-
cially those of food, alarmed governments and, not surprisingly, led to calls for
coordinated policy actions, reminiscent of the 1970s. Because understanding the
relative contribution of key drivers to commodity price movements should be
an essential part of any policy recommendation, this chapter focuses on assessing
such contributions.

The increases in commodity prices took place in a period when most econo-
mies, especially emerging ones, sustained strong economic growth. For example,
during 2004-12, income and industrial production growth in middle-income
countries averaged 6.2 percent and 7.3 percent, respectively, up from 4.6 percent
and 5.4 percent, respectively, during the previous eight-year period. Fiscal expan-
sion in many countries created an environment that favored high commodity
prices. The depreciation of the U.S. dollar—the currency of choice for most
international commodity transactions—strengthened demand (and limited
supply) from non-U.S. dollar commodity consumers (and producers), thus sup-
porting higher prices. Other factors contributed as well, including low past
investment, especially in extractive commodities (in turn, a response to a pro-
longed period of low prices), investment fund activity by financial institutions
that chose to include commodities in their portfolios, and geopolitical concerns,
especially in energy markets.

In addition to the above drivers, prices of agricultural commodities were
affected by higher energy and chemical input prices, more-frequent-than-usual
adverse weather conditions, and the diversion of some food commodities to the
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production of biofuels—notably maize in the United States and edible oils in
Europe. These conditions led global stock-to-use ratios of some grains down to
levels not seen since the early 1970s. Last, policy responses, including export bans
and high export taxes (especially in the rice market) implemented to offset the
impact of increasing world prices, contributed to creating the conditions of what
has often been termed a “perfect storm.”

The coexistence of so many factors implies that any analysis of commod-
ity price movements should entail both sectoral and common drivers. In fact,
the importance of common factors was a key conclusion reached by Cooper
and Lawrence (1975) for the commodity price boom of the 1970s (the com-
parison between the 1970s price boom and the recent one has been made
frequently; see, for example, Radetzki 2006, Piesse and Thirtle 2009, and
World Bank 2009).

The chapter applies a reduced-form price-determination model to maize,
wheat, rice, soybeans, and palm oil, using annual data for 1960-2012 (see
figure 1.1 for the nominal and real food price index). The price determinants
include one supply-side variable (energy prices), three macroeconomic indi-
cators (exchange rate, interest rate, and inflation), income on the demand
side, and a driver reflecting market fundamentals (stocks and consumption
expressed as a single stocks-to-use ratio variable).

The chapter finds that food prices respond strongly to stock-to-use (S/U)
ratios (except rice), crude oil prices (all commodities), and exchange rate
movements (in a mixed manner). With a few exceptions, interest rate and
income growth do not matter. Crude oil prices matter the most because they

Figure 1.1 Food Price Index, 1960-2012
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experienced the largest increase after 2004. The remaining portion of the chap-
ter proceeds as follows. The next section discusses the model, data, and estima-
tion procedure. The third section identifies and elaborates on the relative
impact of each driver. The fourth section applies a number of robustness checks
to assess the performance of the model, especially the post-2004 price move-
ments. The last section concludes and identifies likely directions for future
research.

Explaining Long-Term Price Trends

To identify the relative impact of various drivers on long-term food price trends,
we use a reduced-form econometric model. The model is based on equating
aggregate demand to the supply of a commodity, and then expressing the equi-
librium price as a function of sectoral and macroeconomic fundamentals. The
theoretical underpinning of the model can be found in Turnovsky (1983), Stein
(1986), Holtham (1988), and Deaton and Laroque (1992). Empirical applica-
tions include Pindyck and Rotemberg (1990), who examined excess comove-
ment among various commodity prices; Reinhart (1991) and Borensztein and
Reinhart (1994), who analyzed the factors behind the weakness of commodity
prices during the late 1980s and early 1990s; Gilbert (1989), who looked at the
effect of developing country debt on commodity prices; and Baffes (1997), who
examined the long-term determinants of metal prices.

Model
The model takes the following form:

log(PY) = 8, + B, log(S/U, ) + B, log(P°™") + 3, log(XR,) + 3, log(R)
+ [ log(GDP) + f3, log(MUV) + ¢,

where P denotes the nominal price of commodity i (i = maize, wheat, rice,
soybeans, and palm oil). S/U, | denotes the lagged stock-to-use ratio, P is the
price of crude oil, XR, is the exchange rate, R, denotes the interest rate, GDP,
denotes gross domestic product (GDP), and MUV, represents a measure of
inflation. The /s are parameters to be estimated, and &, is the error term.
Although some of the drivers often cited as key in explaining post-2004 price
movements do not appear explicitly in the model, they are accounted for indi-
rectly by the S/U ratio. The diversion of food commodities to the production of
biofuels increases the use or reduces stocks or both, therefore leading to a lower
S/U ratio. Similarly, to the extent that weather patterns affect global production,
they are accounted for by the S/U ratio. Furthermore, the S/U ratio captures the
income effect because higher (lower) income leads to higher (lower) food con-
sumption, with reverse impacts on the S/U ratio. Investment fund activity is
likely to affect price variability rather than long-term trends; therefore, its exclu-
sion is unlikely to alter the results. The most notable exclusion is trade policies,
which remained stable at a global level during this period, except for exceptional
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interventions with impacts within a specific year that targeted a few commodi-
ties (mostly rice and less so wheat).

The interpretation and signs of most of the parameters are straightforward.
The S/U ratio is expected to be negative because a low S/U ratio (associated
with scarcity) leads to high prices and vice versa. To account for likely simulta-
neity bias between stocks and prices, the S/U ratio enters the regression in
lagged form. The price of crude oil should have a positive effect on the prices
of food commodities because it is a key factor of production (Baffes 2007). The
depreciation of the U.S. dollar—the currency of choice for most international
commodity transactions—strengthens demand (limits supply) from non-U.S.
dollar commodity consumers (producers), thus increasing prices. In contrast,
the effect of interest rates is ambiguous. High interest rates can be associated
with lower commodity prices because they dampen current commodity
demand and may change expectations about future economic activity because
of lower investment; however, they may be associated with higher prices
because high interest rates increase the required rate of return on storage
(Newbery and Stiglitz 1989). Income growth (proxied by GDP of low- and
middle-income countries, where most of the commodity demand growth is tak-
ing place) is expected to lead to higher prices. Last, because of the long period
under consideration, inflation was also included in the model, but the deflator
was treated as an explanatory variable (instead of deflating all prices) to relax

the homogeneity restriction and obtain a direct estimate of the effect of infla-
tion (Houthakker 1975).

Data
World prices were taken from the World Bank’s database and represent annual
(calendar) averages, expressed in U.S. dollar per metric ton (mt), except crude
oil, which is expressed in U.S. dollars per barrel. The description of commodity
prices is as follows: maize (the United States), no. 2, yellow, FOB (free on board)
U.S. Gulf ports; rice (Thailand), 5 percent broken, white rice, milled, indicative
price based on weekly surveys of export transactions, government standard, FOB
Bangkok; wheat (the United States), no. 1, hard red winter, ordinary protein,
export price delivered at the U.S. Gulf port for prompt or 30 days shipment;
soybeans (the United States), CIF (cost, insurance, and freight) Rotterdam;
palm oil (Malaysia), 5 percent bulk, CIF N. W. Europe; and crude oil, average price
of Brent, Dubai, and West Texas Intermediate, equally weighed. As a measure of
inflation, we used the manufacture unit value (MUV), often viewed as a global
inflation index. The MUYV is a U.S. dollar trade-weighted index of manufactures
exported from 15 economies (Brazil, Canada, China, Germany, France, India,
Italy, Japan, Mexico, the Republic of Korea, South Africa, Spain, Thailand, the
United Kingdom, and the United States). More details on the prices along with
the MUV can be found at the World Bank’s Commodity Price Data (database),
http://data.worldbank.org/data-catalog/commodity-price-data.

The S/U ratio was calculated as the ratio of end-of-season stocks to consump-
tion taken from the U.S. Department of Agriculture’s Production, Supply, and
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Distribution Online (database), http://www.fas.usda.gov/psdonline. The exchange
rate measure was the International Monetary Fund’s Special Drawing Rights rate
representing an index of the U.S. dollar against four currencies, namely the euro,
pound sterling, Japanese yen, and U.S. dollar, http://www.imf org/external/np/fin
/data/sdr_ir.aspx. The 10-year U.S. Treasury bill was used as interest rate proxy,
taken from the U.S. Federal Reserve’s Selected Interest Rates (database), http://
www.federalreserve.gov/releases/h15/data.htm. Last, GDP was taken from the
World Bank’s World Development Indicators database, http://data.worldbank
.org/indicator/all.
Estimation
Prior to estimating the model, we examined the stationarity properties of all
variables, applying unit root tests to levels with and without trend as well as
first differences. Two tests were used, the ADF (Augmented Dickey-Fuller)
and the PP (Phillips-Perron). Results are reported in table 1.1. The statistics
indicate overwhelming rejection of stationarity and trend stationarity for all
Table 1.1 Stationarity Properties

Levels without trend Levels with trend First differences

ADF PP ADF PP ADF PP
Prices
Maize -1.06 —-0.90 -2.12 -2.17 —6.41%** —6.61%**
Wheat -1.40 -1.21 -2.45 -2.43 —5.70%** —6.20%**
Rice -2.00 -1.87 -2.60 -2.54 —5.64*** —6.29%**
Soybeans -1.14 -1.28 -1.83 -2.29 —6.75%** —6.87%**
Palm oil -0.78 -1.65 -1.52 -2.64 —6.24*** —8.27%**
Crude oil -0.70 -0.76 -1.59 -1.79 —6.59*** —6.58%**
Macroeconomic variables
MUV -1.55 -1.36 -1.45 -1.08 —3.90*** —3.83%**
Exchange rate -1.47 —-0.88 —4.05%* -2.92 —5.35%%% —5.48%%*
Interest rate -1.36 =145 -1.46 - —6.66%** —4.61%%%
GDP —-0.65 -0.22 -2.72 -1.48 —3.54** —3.53%*
S/Uratios
Maize —-1.88 -1.91 -1.22 -1.89 —7.30%** —7.37%**
Wheat -2.54 —3.92*** -2.53 —3.89%** —5.88*** —10.65%**
Rice —-1.66 -2.35 -1.01 -1.26 —3.85%** —5.97%**
Soybeans —3.41** —3.34** —4.22%** —3.71%* —3.07** —10.25%**
Palm oil —2.98** —2.83* -2.82 -2.58 —9.80*** —10.66***

Sources: Based on World Bank, Commodity Price Data (database), http://data.worldbank.org/data-catalog/commodity-price-data, and World
Development Indicators (database), http://data.worldbank.org/indicator/all; U.S. Department of Agriculture, Production, Supply and Distribution
Online (database), http//www.fas.usda.gov/psdonline; International Monetary Fund, Special Drawing Rights (database), http://www.imf.org
/external/np/fin/data/sdr_iraspx; U.S. Federal Reserve, Selected Interest Rates (database), http://www.federalreserve.gov/releases/h15/data.htm.
Note: All variables are expressed in logarithms. ADF and PP denote the Augmented Dickey-Fuller and Phillips-Perron statistic for unit roots,
respectively (Dickey and Fuller 1979; Phillips and Perron 1988). The lag length of the ADF statistic was based on the Akaike information criterion
(up to 10 lags were allowed), while the spectral estimation for the PP statistics was based on the Bartlett kernel method. GDP = gross domestic

product; MUV = manufacture unit value; S/U = stock-to-use.
Significance level of stationarity: * = 10 percent, ** = 5 percent, *** = 1 percent.
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Table 1.2 Parameter Estimates from Ordinary Least Squares Regressions, 1960-2012

Maize Wheat Rice Soybeans Palm oil
Constant (ﬁo) 8.21*** (5.92) 5.29%** (3.95) 6.74 (1.62) 6.69** (2.04) 10.92** (2.49)
Stock-to-use ratio (S, —0.61***(5.92) —0.50%**(3.12) —-0.21(0.81) —0.20% (2.13) —0.39%* (2.38)
Qil price (PtO'L) 0.23*** (4.89) 0.28*** (6.05) 0.27%*% (2.22) 0.34*** (6.42) 0.50*** (5.05)
Exchange rate (XR) 0.33(1.01) —0.86%* (2.45) —245%**(3.88) —1.08***(291) -1.02(1.34)
Interest rate (R)) 0.16* (1.80) -0.02 (0.22) 0.31%*(2.07) —0.03(0.21) —0.04 (0.25)
Income (GDP)) —0.54%** (3.79) -0.12(1.17) —-0.11 (0.48) —0.14 (0.61) —0.43 (1.45)
Inflation (MUVv) 0.87*** (3.34) —-0.02 (0.13) -0.42(0.79) —0.13(0.70) -0.12(0.36)
Adjusted-R? 0.87 0.90 0.73 0.84 0.67
DW 0.88 1.00 0.77 1.14 1.16
ADF —4.,08%** —5.00%** —3.47%* —4.42%** —417%**
PP —3.47%* —3.47%* —3.52%* —4.42%%* —4.16%**

Sources: Based on World Bank, Commodity Price Data (database), http://data.worldbank.org/data-catalog/commodity-price-data, and World
Development Indicators (database), http://data.worldbank.org/indicator/all; U.S. Department of Agriculture, Production, Supply and Distribution
Online (database), http://www.fas.usda.gov/psdonline; International Monetary Fund, Special Drawing Rights (database), http://www.imf.org
/external/np/fin/data/sdr_iraspx; U.S. Federal Reserve, Selected Interest Rates (database), http://www.federalreserve.gov/releases/h15/data.htm.
Note: The independent variable is the logarithm of the respective price. Heteroskedasticity-consistent absolute t-statistics are reported in
parentheses; they are based on White's method. DW denotes the Durbin-Watson statistic of serial correlation. Because of data unavailability, the
regressions for soybeans and palm oil begin in 1965. For other notes, see table 1.1. ADF = Augmented Dickey-Fuller (statistic for unit roots);

GDP = gross domestic product; MUV = manufacture unit value; PP = Phillips-Perron (statistic for unit roots).

Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.

five food prices and the crude oil price in favor of stationarity in first differ-
ences (see upper panel of table 1.1). Stationarity and trend stationarity were
rejected for all three macroeconomic variables and GDP, again in favor of
stationarity in first differences (see middle panel of table 1.1). However, the
unit root test results for the S/U ratios were mixed. The statistics of maize
and rice point to difference stationarity, and to a lesser extent, this is the case
with wheat and palm oil. However, both unit root statistics indicate stationar-
ity for soybeans (see lower panel of table 1.1). Given that, with the single
S/U soybean exception, the variables are nonstationary, the performance of
the models must be complemented by cointegration statistics (in addition to
conventional statistics).

Table 1.2 reports parameter estimates for 1960-2012 for maize, wheat, and
rice and (because of data unavailability) for 1965-2012 for soybeans and palm
oil. Half of the parameter estimates are significantly different from zero at the
5 percent level while the adjusted-R? averaged 0.82 (ranging from 0.67 for palm
oil to 0.90 for wheat). More important, in most cases the ADF and PP statistics
confirm stationarity of the error term at the 1 percent level.

Discussion

Stock-to-Use Ratios

As expected, the S/U ratio estimates are negative, ranging from a high of -0.61
for maize to a low of —0.21 for rice—the only S/U estimate not significantly dif-
ferent from zero. These estimates imply that, on average, a 10 percent decline in
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the S/U ratio is associated with a 3 percent increase in food prices. The smaller
parameter estimate for soybeans (compared to wheat and maize) may reflect not
only the fact that soybean stocks can be held in bean, meal, or oil form, while
only beans were used in this study, but also the generally low levels of stock-
holding in that sector. From an econometric perspective, such a result may also
be associated with the stationarity properties of the S/U ratio for soybeans—it
was the only variable for which stationarity was not rejected according to both
ADF and PP statistics.

The S/U ratio elasticity estimates for grains reported here are remarkably
similar to the ones reported by Bobenrieth, Wright, and Zeng (2012). They esti-
mated correlation coefficients between S/U ratios and real de-trended prices
for wheat, maize, and rice of —0.40, —0.50, and —0.17, respectively (compared
to =0.61, —0.50, and -0.21, respectively, in the present study.) Similarly, FAO
(2008, p. 6, figure 3) reported correlation coefficients between the cereals price
index and various measures of S/U ratios ranging from —0.47 and —0.65. Such
high correlations led FAO (2008) to conclude not only that the low stock levels
caused grain prices to spike during 2007-08, but also that prices are expected to
remain elevated for some time.

The S/U ratio estimate for rice (low and not significantly different from zero)
is both troubling and interesting. It most likely reflects policy distortions, includ-
ing the substantial quantities of rice stocks—especially in East Asia where rice is
considered a strategic commodity—that are either handled by state trading
enterprises (STEs) or heavily influenced by government policies (Alavi and
others 2012). Indeed, Anderson and others (2009, p. 489, table 12.11), estimated
that during 2000-04, rice exhibited the highest level of distortion (43 percent)
compared to wheat (4 percent) and maize (3 percent), as measured by the Trade
Restrictiveness Index (TRI). The economies that contributed the most to the TRI
were (in order): India; Japan; Taiwan, China; Vietnam; Korea; China; and the
United States. Similar distortion patterns apply to earlier years as well. More
recently, Martin and Anderson (2012, p. 426) found that insulating policies dur-
ing the 2006-08 price spike may explain as much as 45 percent of the increase
in the international rice price; they also concluded that trade policies induced a
30 percent increase in wheat prices during the boom years. The distortions of the
Thai rice sector alone may have cost as much as 1 percent of Thailand’s total
GDP (World Bank 2012b).

Not only is the global rice market subjected to large distortions, but also such
distortions apply to both export and import sides. Timmer and Slayton (2009),
for example, discuss how large tenders by the Philippines—a large rice-importing
country—may have affected rice prices. Examples of countries whose rice mar-
keting and trade is either handled exclusively by STEs or heavily influenced by
policies include (but are not limited to) India (Food Corporation), Indonesia
(Badan Urusan Logistik, or BULOG), the Philippines (National Food Authority),
and Thailand (Rice Paddy Pledging Program).

It is often argued that high rice price volatility observed during the past few
years is partly due to the thin nature of the export market. Indeed, only 8 percent
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Table 1.3 Key Characteristics of Commodity Markets

Maize Wheat Rice Soybeans  Palm oil
Global production (million mt), 2011-12 857.0 674.0 457.0 251.0 49,0
Global exports (million mt), 2011-12 103.0 145.0 37.0 91.0 38.0
Exports as % of production, 2011-12 12.0 215 8.1 36.1 77.1
H-index, exports (%), 2010-12 11.9 21.2 15.2 32.0 40.0
H-index, imports (%), 2010-12 2.7 29 6.3 414 9.3
Price volatility, 1975-2004 54 49 54 54 7.7
Price volatility, 2005-09 8.0 83 9.1 6.9 94
Price volatility, 2010-12 6.6 8.8 4.4 44 5.2
Global TRI (%), 1965-99 6.0 120 48.0 6.0 —
Global TRI (%), 2000-04 3.0 4.0 43.0 6.0 —

Sources: Based on data from World Bank, U.S. Department of Agriculture, and Anderson and others 2009.
Note:"Exports as % of production”is a measure of market thinness.”H-index"is the Herfindahl index of market concentration (used often in the

industrial organization literature) and is calculated as .

_, nS7 where S is the export share of country i;and values of H close to zero indicate low

concentration while values exceeding 0.25 (or 25 percent) indicate high concentration. However, when there are close substitutes (as in the case
of palm oil, which has many close substitutes such as soybean oil), even an H-index close to unity may not be consistent with high concentration;
same argument applies to market thinness. The upper bound of the index is 1 (100 percent), implying that the industry (global commodity
market) is dominated by one firm (country). Price volatility has been calculated as 100*STDEV[log p(t)— log p(t—1)], where STDEV denotes standard
deviation, p(t) is the current, and p(t—1) is the lagged monthly average price of each commodity. Global TRI (Trade Restrictiveness Index) was
taken from Anderson and others (2009, p. 489, table 12.11). mt = metric tons; — = not available.

of global production is traded internationally, the lowest among the commodities
examined in this study (table 1.3). Yet, historically, rice price volatility has been
remarkably similar to that of other grains and oilseeds; in fact, during 2010-12,
rice and soybean price volatility was the lowest among the five commodities
examined here. Furthermore, concentration of the global trade of rice is, again, in
line with other commodities. The Herfindahl concentration index for the rice
export market is 15 percent, higher than maize (12 percent) but much lower
than wheat (21 percent). These characteristics suggest that it is policy concentra-
tion (not market concentration, market thinness, or price volatility) that matters
most in the rice market and distinguishes it from other markets. The differ-
ent nature of the problems in the rice market was also highlighted by Gilbert
(2012, p. 141).

Crude Oil

The estimate for oil price elasticity was significantly different from zero in all
five regressions—the only highly significant driver across all five models (see
table 1.2). It ranged from 0.23 (maize) to 0.50 (palm oil), implying that, on aver-
age, a 10 percent increase in the price of crude oil is associated with a 3 percent
increase in food prices. These estimates confirm findings of earlier studies that
have used the price of energy as an explanatory variable and concluded
that energy plays a key role in food price movements.

The strong relationship between energy and nonenergy prices has been estab-
lished with models that do not include the post-2004 period. Gilbert (1989), for
example, using quarterly data between 1965 and 1986, estimated transmission
elasticity from energy to nonenergy commodities of 0.12 and from energy to
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food commodities of 0.25. Hanson, Robinson, and Schluter (1993) found a sig-
nificant effect of oil price changes to agricultural producer prices based on a
General Equilibrium Model. Borensztein and Reinhart (1994), using quarterly
data from 1970 to 1992, estimated transmission elasticity to nonenergy com-
modities of 0.11. Baffes (2007), using annual data from 1960 to 2005, estimated
elasticities of 0.16 and 0.18 for nonenergy and food commodities, respectively.
A strong relationship between energy and nonenergy prices was found by
Chaudhuri (2001) as well.

Not all studies agree on the strength and nature of the relationship between
energy and food prices. Pindyck and Rotemberg (1990) analyzed the nature of
the comovement among seven commodity prices (cocoa, copper, cotton, crude
oil, gold, lumber, and wheat) and concluded that these prices comoved in excess
of what the macroeconomic fundamentals could explain, in turn leading to the
“excess comovement” hypothesis. More important, they assumed that none of
these commodities is used as a major input for the production of another, clearly
a strong assumption considering that energy is the most important cost-
production component to most agricultural commodities (either directly through
fuel or indirectly through chemical inputs, especially fertilizers.) Subsequent
research, however, challenged this hypothesis (see, for example, Ai, Chatrath, and
Song 2006; Cashin, McDermott, and Scott 1999; Deb, Trivedi, and Varangis
1996; and LeyBourne, Lloyd, and Reed 1994).

At the other end of the spectrum—and in sharp contrast to the findings
reported here—Zhang and others (2010) found no direct long-run relationship
between fuel and agricultural commodity prices and only a limited short-run
relationship. More recently, Reboredo (2012), in a study based on weekly data
from 1998 to 2012, concluded that the prices of maize, wheat, and soybeans are
not driven by oil price fluctuations.

Income

The results show no contemporaneous effect of income on food prices (maize is
an exception, but the sign of the parameter estimate is negative). Although
table 1.2 reports results for GDP purchasing power parity (PPP) of low- and
middle-income countries, we run the models by using a total of six measures of
GDP: global, low- and middle-income countries, and low-income countries, each
in both PPP terms and current prices None of these measures resulted in coef-
ficients significantly different from zero.

Income growth by emerging economies has been often cited as a key driver
to the post-2004 food price increases. For example, the June 2009 issue of
National Geographic noted that demand for grains has increased because people
in countries like China and India have prospered and moved up the food ladder.
Similarly, Krugman (2008) argued that the upward pressure on grain prices is
due to the growing number of people in emerging economies, especially China,
who are becoming wealthy enough to start eating like Westerners. Likewise,
Wolf (2008) asked: “So why have prices of food risen so strongly?” and then
answered “... strong rises in incomes per head in China, India, and other
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emerging countries have raised demand for food, notably meat and the related
animal feeds.”

The results on income growth, which are in sharp contrast to what has been
assumed in the above-cited (and other) literature, should not be surprising. As
noted earlier, in the context of the present model, income affects prices indirectly
through the S/U ratio, because higher income leads to higher consumption.
Therefore, the inclusion of income as a separate variable would capture only the
contemporaneous effect; hence, the insignificant parameter estimate implies
that, if income affects prices, it does so with lags. Indeed, most empirical models
that have explicitly used the income variable have not found a significant direct
impact (for example, Ai, Chatrath, and Song 2006).

More important, there is no evidence that grain consumption by emerging
economies has experienced growth rates that are either high by historical
standards or comparable to income growth rates by emerging economies. For
example, Alexandratos (2008, p. 673) found that China’s and India’s combined
average annual increment in consumption—in terms of both growth rates and
absolute increments—was lower in 2002-08 than in 1995-2001. In a similar
vein, FAO (2008, p. 12) noted the following:

China and India have usually been cited as the main contributors to this sudden
change [in prices] because of the size of their populations and the high rates of
economic growth they have achieved. However, since 1980, the imports of cereals
in these two countries have been trending down, on average by 4 percent per year,
from an average of 14.4 million tonnes in the early 1980s to 6.3 million tonnes over
the past three years. Moreover, mainland China has been a net exporter of cereals
since the late-1990s, with one exception in the 2004-05 season. Similarly, India has
been a net importer of these commodities only once, in the 2006-07 season, since

the beginning of the twenty-first century.

Numerous other studies have reported similar findings, including Alexandratos
and Bruinsma (2012), Baffes and Haniotis (2010), FAO (2009), and Sarris
(2010). In fact, Deaton and Dreze (2009), based on household survey data in
India, found that, despite growing incomes, there has been a downward trend in
calorie intake since the early 1990s. They added that although the reasons behind
this trend are not clear, one likely explanation may be that calorie requirements
have declined as a result of better health and lower physical activity levels.

It is important to note, however, that demand growth has played a key role in
the post-2004 evolution of other commodity prices, notably, metals and energy.
For example, in 2011 China accounted for more than 40 percent of the world’s
metal consumption, up from a mere 4 percent two decades earlier. Similarly,
nonmember countries of the Organisation for Economic Co-operation and
Development consume currently almost half of the world’s crude oil, up from
one-third 15 years ago (Baffes 2012). The role of demand in crude oil prices has
been emphasized by numerous authors (for example, Kilian 2009).

To the extent that strong growth by emerging economies boosts energy
demand and hence oil prices, food prices have been driven by the growth
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patterns of these economies as well. In fact, this point has been highlighted by
Heady and Fan (2010, p. 15). Nevertheless, from a policy perspective, it is impor-
tant to establish the channel through which income growth affects food prices,
including the cost side (high oil prices, which are associated with a leftward shift
of the supply schedule), changing preferences such as diets (that is, consuming
more meat instead of grains, which is associated with a change in the composi-
tion of demand), or consumption of more food (which is associated with a right-

ward shift of the demand schedule).

Macroeconomic Drivers

Results on the effect of the exchange rate on food prices are mixed, but they are
highly consistent with expectations. Exchange rate movement matters a lot in
rice (the parameter estimate is —2.45, t-ratio = 3.88), followed by a moderate
impact on soybeans (—1.08, t-ratio = 2.91) and wheat (-0.86, t-ratio = 2.45). It is
not significantly different from zero for palm oil and maize. The smallest (maize)
and largest (rice) elasticity estimates are consistent with initial expectations,
given that the United States is the dominant player in the maize market and only
a marginal player in the rice market (see Radetzki 1985 for a graphical exposition
of the latter point and Sjaastad 2008 for an empirical application to the market
of gold). Using a similar model, Dawe (2002) estimated that a 10 percent depre-
ciation of the Thai baht against the U.S. dollar is associated with a US$22/mt
decline in world rice prices, a result that is consistent with the present
model when one considers Thailand’s dominant importance in the rice export
market.

The importance of the effects of exchange rates on commodity prices and
trade was highlighted as soon as flexibility in exchange rates was introduced
following the collapse of Bretton Woods (Schuh 1974). In the context of U.S.
agriculture, Gardner (1981) concluded that the exchange rate was the most
significant variable in explaining real U.S. farm prices with an elasticity of 0.4.
Lamm (1980) and Chambers and Just (1981) reported similar findings for
U.S. agriculture. Abbott, Hurt, and Tyner (2008) have highlighted the role of
exchange rates in the post-2004 food price increases as well.

With the exception of maize, inflation appears not to affect food prices, high-
lighting the importance of not imposing the homogeneity restriction (that is,
deflating prices). Arguably, most of the inflation effect, especially during the
1970s, may have been picked up by the price of crude oil. For example, when
the MUYV is removed from the maize equation, the parameter estimate for crude
oil increases to 0.31 with a t-ratio of 7.36 (up from 0.23, t-ratio = 4.89 as reported
in table 1.2), bringing the effect of oil price in par with the other commodities—
the impact on the overall performance of the model and other elasticities is
negligible.

The parameter estimate for interest rate was zero for wheat, soybean, and
palm oil and positive for maize (0.16, t-ratio = 1.80) and rice (0.31, t-ratio = 2.07)
(see table 1.2). As noted earlier, interest rate is the only driver whose effect on
commodity prices is ambiguous and depends on the relative impact on the
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demand side (through higher purchasing power of consumers) or the supply side
(through changes in the required rate of return on storage). Although most
empirical studies have found a strong link between exchange rate movements
and agricultural commodity prices (for example, Gardner 1981), the link
between interest rate and prices is less clear (for example, Stamoulis and Rausser
1987, Frankel and Hardouvelis 1985). The relatively low impact of interest rates
on food prices (as opposed to the impact of the exchange rate) may also reflect
the fact that low interest rates (by the United States) depress the U.S. dollar.
Thus, the exchange rate elasticity captures part of the interest rate effect—the
same way in which the S/U ratio elasticity captures the impact of both supply
tightness and income growth.

Assessing Post-2004 Price Movements

The effects of the drivers on the post-2004 food price movements were further
assessed in four ways. First, the model was reestimated by excluding the post-
2004 observations to examine by how much (and in what direction) the param-
eter estimates changed when the post-2004 period is included. Second, by using
the parameter estimates of the full sample model, we measured the relative
contribution of all explanatory variables to food price changes from 1997-2004
to 2005-12—the two 8-year periods can be viewed roughly as pre- and post-
boom periods. Third, the parameter estimates from the 1960-2004 model were
used to derive predicted prices for the 2005-12 period (that is, out-of-sample
forecasts) and compare them with predicted prices from the full sample model
(that is, in-sample forecasts). Fourth, the robustness of the model was further
examined by reestimating the equations as a panel. The rest of this section elabo-
rates on these extensions.

Excluding Post-2004

Table 1.4 reports parameter estimates based on 1960-2004 observations. In
terms of model performance, the average adjusted-R? is the same as in the full
sample model while the unit root statistics indicate a stationary error term. In
terms of individual performance, the explanatory power of palm oil is lower
while that of rice is higher. If one compares the full sample with the pre-2005
model, the S/U ratio yields mixed results; its elasticity increased for maize and
palm oil but declined for wheat, rice, and soybeans (figure 1.2a).

Interestingly, the S/U ratio elasticity for rice is higher compared to the full
sample model, implying that during the post-2004 period, the S/U ratio of that
market played no role at all in the determination of rice prices. The relatively
small and insignificant S/U ratio elasticity for rice has important policy implica-
tions, especially in view of calls to introduce regional or global interventions,
including virtual reserves (Von Braun and Torero 2009), emergency reserves
(Sarris 2010), or other insurance mechanisms (Mendoza 2009). In contrast,
crude oil price elasticity increased consistently across all five food commodities
(figure 1.2b), implying that the role of energy may have strengthened after 2004.
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Table 1.4 Parameter Estimates from Ordinary Least Squares Regressions, 1960-2004

Maize Wheat Rice Soybeans Palm oil
Constant (8)) 7.92%** (8.37) 4.98*** (3.25) 3.98(1.23) 5.49 (1.64) 9.77% (1.98)
Stock-to-use ratio (S/U,_,) —0.53*** (6.89) —0.54*** (3.36) —0.33*(1.73) —0.24*** (2.86) —0.28 (1.64)
Qil price (Pto”-) 0.13***(3.20) 0.22*** (4.19) 0.10(0.88) 0.23*** (4.41) 0.40%** (4.11)
Exchange rate (XR) 0.32(1.20) —0.79** (2.09) —2.38***(3.71) —0.90** (2.58) -1.13(1.46)
Interest rate (R) 0.05 (1.06) 0.14* (1.79) 0.69%** (6.85) 0.18(1.31) 0.16 (0.90)
Income (GDP)) —0.55*** (5.86) —-0.14(1.09) —0.04(0.22) —0.13(0.53) —-0.35(0.97)
Inflation (MUV,) 0.96*** (5.24) 0.09 (0.42) —0.14(0.28) 0.08(0.33) —-0.16 (0.41)
Adjusted-R? 0.91 0.90 0.83 0.84 0.55
DW 1.50 1.24 1.24 1.41 1.21
ADF —4,13%** —4.,16%** —5.05%** —4.70*** —3.72%*
PP —4.90%** —4.A3%** —4.30%** —4.46*** —3.68**

Sources: Based on World Bank, Commaodity Price Data (database), http://data.worldbank.org/data-catalog/commodity-price-data, and World
Development Indicators (database), http://data.worldbank.org/indicator/all; U.S. Department of Agriculture, Production, Supply and Distribution
Online (database), http://www.fas.usda.gov/psdonline; International Monetary Fund, Special Drawing Rights (database), http://www.imf.org
/external/np/fin/data/sdr_iraspx; U.S. Federal Reserve, Selected Interest Rates (database), http://www.federalreserve.gov/releases/h15/data.htm.
Note: The independent variable is the logarithm of the respective price. For other notes, see tables 1.1 and 1.2. ADF = Augmented Dickey-Fuller
(statistic for unit roots); DW = Durbin-Watson (statistic of serial correlation); GDP = gross domestic product; MUV = manufacture unit value;

PP = Phillips-Perron (statistic for unit roots).

Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.

Figure 1.2 Elasticities (Absolute Values)
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Baffes and Haniotis (2010) reported that a similar increase in the energy/
nonenergy transmission elasticity took place in all commodity groups, not just
food. This, in turn, highlights the weakness of the argument that the increased
correlation between crude oil food prices during the past few years is due to
biofuels. Although our conclusions by no means imply that biofuels do not
matter, they do indicate that the impact of biofuels on food prices should not be
based on the food price correlation alone.

In addition to excluding the post-2004 observations, we reestimated the
full model with dummies for the S/U ratio and crude oil (separate regressions
for each dummy were run). The changes in the elasticities were quantitatively
similar to the changes observed from the full to the limited sample model,
that is, increases in the effect of crude oil and mixed results on the effect of the

S/U ratio.

What Matters Most?

Next, using the parameter estimates of the full sample, we calculated the relative
contribution to price changes of each explanatory variable (table 1.5). Specifically,
the estimated elasticities that were significantly different from zero were applied
to the changes in the average values of the explanatory variables between
1997-2004 and 2005-12. During these two periods, the World Bank’s food
price index increased by 80 percent whereas the price of crude oil increased
by 228 percent (figure 1.3). In contrast, the changes in S/U ratios were more
moderate and mixed, ranging from a 35 percent decline in maize to a 17 percent
increase in soybeans (figure 1.4). Applying the elasticity estimates to these
changes gives a measure of the relative contribution of each driver. Similar
decompositions have often been used in the literature (for example, World Bank
2012a and Von Witzke and Noleppa 2011). The advantage of the present
decomposition is that it uses elasticities that have been generated by the same
data set used for the decomposition analysis.

Table 1.5 Contribution of Each Driver to Food Price Changes, 1997-2004 to 2005-12
Percent

Maize Wheat Rice Soybeans Palm oil

Change in nominal price 90 81 99 77 81

Stock-to-use ratio (S/U,_,) 22 9 . -3 5

Oil price (P°") 52 64 61 77 114

Exchange rate (XR) . 10 29 13

Interest rate (R) -4 . -8

Income (GDP) -32

Inflation (MUV) 20 . . . .
Total 58 83 82 87 119

Source: Based on table 1.2 estimates.

Note: The contribution was based on the 1960-2012 model parameter estimates reported in table 1.2...implies that the
respective parameter estimate was not significantly different from zero. GDP = gross domestic product; MUV = manufacture
unit value.
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Figure 1.3 Food and Crude Oil Price Indexes
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Figure 1.4 Stock-to-Use Ratios, 1997-2004 and 2005-12
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Most of the contribution to food price changes from 1997-2004 to 2005-12
comes from crude oil, which for maize and wheat accounts for 52 percent and
64 percent, respectively, with the corresponding S/U contribution of 22 percent
and 9 percent, respectively. Crude oil’s strong effect compared to the S/U’s
ratio’s more limited impact reflects the large increase in the price of oil during
these two periods compared with the moderate changes in the S/U ratios.
Moreover, as discussed earlier, removing the MUV from the maize equation
increases the oil price elasticity from 0.23 to 0.31, and crude oil’s contribution
from 52 percent to 73 percent, the highest among the three grains.

It is important to note that the larger (smaller) influence of crude oil (S/U
ratio) on food prices is period specific. For example, during the late 1980s, when
stocks were declining and oil prices were stable, the S/U ratios accounted for
almost all of the food price movements. Indeed, from 1985-87 to 1988-90, the
price of maize increased by 19 percent. However, because the S/U ratio declined
by 32 percent (and the crude oil price declined by 7 percent), all change in the
price of maize is explained by the S/U ratio [20% = -32%*(-0.61)].

The limited impact of the S/U ratio following the post-2004 price increases is
in line with Dawe (2009), who noted that stocks did not have an important effect
on the evolution of world grain prices during the recent boom, a conclusion
shared by Heady and Fan (2008). Our results are also in line with Von Witzke
and Noleppa (2011), who concluded that the combined contribution of crude oil
prices and freight rates to price changes of wheat, maize, and soybeans during the
2007-08 spike ranged between 45 percent and 75 percent (calculations based on
p. 15, figure 8). However, they are in contrast to Wright (2012) who argued that
very low levels of stocks during 2007-08—at a time of strong biofuel demand
and increased incomes by China and India—were key causes of the post-2007
grain price increases. And, to the extent that biofuels affect prices through the
S/U channel, the results show that their effect on food prices is not as strong as
has been reported in previous studies (for example, Mitchell 2008).

These findings are critical in view of the frequent calls for the establishment
of stockpile mechanisms, especially for rice. For example, Mendoza (2009, p. 13)
proposed a combination of an Asian grain reserve and a financing facility that
could be accessed by member countries when their rice supplies face unexpected
shocks. Likewise, Gilbert (2012, p. 135) argued that unless export restrictions
come under World Trade Organization discipline, there is merit in considering
the establishment of national or international rice stockpiles that poor rice-
importing countries can access in the event of shortage. Attractive as it may
appear, the recommendation that rice-producing and -consuming Asian nations
establish stockpile mechanisms may not be an avenue to pursue for at least two
reasons. First, the S/U ratio’s impact on rice prices is very limited. Second, if, as
Martin and Anderson (2012) reported, almost half of the post-2007 increase in
the price of rice is due to export policies, then one could question whether the
policy makers who engaged in such actions will adhere to the rules and condi-
tions of stockpiling mechanisms, which historically have a very poor success
record.
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Assessing the Model
We assessed the sensitivity of the results by comparing actual prices with those
generated by the 1960-2012 and 1960-2004 models (table 1.6). First, both mod-
els show that prior to 2006, prices were higher than what the fundamentals sug-
gest, about the same for 2007, and much lower after 2008. That is, there was
“undershooting” prior to the boom and “overshooting” during the boom. For
example, in 2005, fitted and actual prices differed between 28 percent (soybeans)
Table 1.6 Actual Prices Compared to Model-Generated Prices

2005 2006 2007 2008 2009 2010 2011 2012
Maize
Actual ($/mt) 99 122 164 223 166 186 292 280
Fitted ($/mt), 1960-2012 146 150 167 184 158 173 212 207
Difference (%), 1960-2012 48 23 2 =17 -5 -7 =27 -26
Fitted ($/mt), 1960-2004 120 127 140 138 112 120 142 138
Difference (%), 1960-2004 22 5 -15 -38 -32 -36 =51 =51
Wheat
Actual ($/mt) 152 192 255 326 224 224 316 280
Fitted ($/mt), 1960-2012 214 227 256 288 219 213 238 245
Difference (%), 1960-2012 40 18 0 =12 -2 -5 =25 =12
Fitted ($/mt), 1960-2004 193 209 237 249 182 173 192 197
Difference (%), 1960-2004 27 9 -7 -24 -19 =22 -39 -30
Rice
Actual ($/mt) 286 305 326 650 555 489 453 550
Fitted ($/mt), 1960-2012 420 462 512 497 361 366 415 412
Difference (%), 1960-2012 47 52 57 -24 -35 =25 -24 =25
Fitted ($/mt), 1960-2004 352 417 467 366 236 231 256 254
Difference (%), 1960-2004 23 37 43 —44 -58 =53 =53 -54
Soybeans
Actual ($/mt) 275 269 384 523 437 450 541 540
Fitted ($/mt), 1965-2012 351 361 373 444 390 392 432 459
Difference (%), 1965-2012 28 34 -3 -15 =11 -13 -20 -15
Fitted ($/mt), 1965-2004 293 314 322 343 286 280 302 324
Difference (%), 1965-2004 7 17 -16 -33 -34 -38 —44 -40
Palm oil
Actual ($/mt) 422 478 780 949 683 901 1,125 1,125
Fitted ($/mt), 1965-2012 649 670 687 889 699 739 871 883
Difference (%), 1965-2012 54 40 -12 -6 2 -18 -23 -18
Fitted ($/mt), 1965-2004 585 629 650 732 552 576 661 667
Difference (%), 1965-2004 39 32 =17 =23 -19 -36 -41 -38

Source: Based on tables 1.2 and 1.4 estimates.

Note: The first row of each panel denotes the price of the commodity, the logarithm of which is the dependent variable. The second row denotes
the fitted price—based full sample model, and the third row denotes the percentage difference between the actual and fitted prices (based on

the 1960-2012 sample, generated from the estimates reported in table 1.2). The fourth and fifth rows report fitted prices along with their

percentage differences from actual prices based on the pre-2005 sample model (1960-2004, generated from the estimates reported in table 1.4);

mt = metric ton.
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and 54 percent (palm oil). Conversely, the difference in 2011 ranged from
-20 percent (soybeans) to —27 percent (maize). As expected, such differences are
smaller for 2005 (and larger for 2011) when the 1960-2004 period is used, which
is consistent with the differences in the elasticities reported in tables 1.2 and 1.4.
These results are also consistent for both the full and the pre-2005 models.

The model identifies one similarity and one difference with respect to the
patterns observed during the 1973-74 commodity price boom. The similarity is
that in 1972 (the year before the spike), prices undershot by an average of
10 percent, whereas during 1973 and 1974, they overshot by an average of
22 percent. The difference is that the undershooting and overshooting of the
1970s was of much smaller magnitude and less duration compared with the
recent price increases. That difference, in turn, indicates that while price increases
of the 1970s could be characterized as a spike (quite visible in figure 1.1), the
recent price increases appear to have a more permanent character.

Consistent with the statistics reported earlier, the models for maize and wheat
performed the best while that of rice performed the worst. For example, the
Mean Absolute Percent Error (MAPE) for the full sample model (table 1.7,

Table 1.7 Assessing the Fit of the Models

Maize Wheat Rice Soybeans  Palm oil

1960-2012 fitted prices based on the 1960-2012 model

Mean Absolute Percent Error 10.97 10.57 18.34 12.11 20.03
Theil's inequality coefficient (U) 0.092 0.075 0.128 0.077 0.116
Covariance proportion of U 0.767 0.921 0.878 0.839 0.829

1960-2004 fitted prices based on the 1960-2012 model

Mean Absolute Percent Error 9.42 9.88 15.14 11.06 19.70
Theil's inequality coefficient (U) 0.070 0.067 0.098 0.069 0.123
Covariance proportion of U 0.996 0.994 0.976 0.996 0.907
1960-2004 fitted prices based on the 1960-2004 model

Mean Absolute Percent Error 742 9.34 12.16 10.23 18.57
Theil's inequality coefficient (U) 0.055 0.062 0.081 0.062 0.120
Covariance proportion of U 0.967 0.985 0.981 0.977 0.817
2005-12 fitted prices based on the 1960-2012 model (in-sample forecast)

Mean Absolute Percent Error 19.45 14.32 35.94 17.33 21.64
Theil’s inequality coefficient (U) 0.120 0.085 0.168 0.088 0.106
Covariance proportion of U 0.015 0.358 0.705 0.089 0.179
2005-12 fitted prices based on the 1960-2004 model (out-of-sample forecast)

Mean Absolute Percent Error 31.14 22.11 45.44 28.84 30.51
Theil's inequality coefficient (U) 0.257 0.144 0.293 0.208 0.189
Covariance proportion of U 0.069 0.364 0.618 0.127 0.163

Source: Based on tables 1.2 and 1.4 estimates.

Note: The Mean Absolute Percent Error (MAPE) is the percentage difference between actual and fitted price. For example, the value of the MAPE
statistic for maize in the in-sample forecast panel, 19.45, is the average of the absolute values reported in the third row of the maize panel in
table 1.6 (48 percent, 23 percent, 2 percent, —17 percent, —5 percent, —7 percent, —27 percent, and —26 percent). The Theil's inequality coefficient
(U-statistic) shows how well the fitted prices compare with the actual prices.
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first row of top panel) is the lowest for maize and wheat and the highest for rice
and palm oil with similar results applying to pre- and post-2005 fitted prices
based on both models.

In addition to the MAPE criterion, the performance of the model was assessed
by using Theil’s inequality coefficient (U-statistic, table 1.7). The U-statistic lies
between zero and one, with zero indicating perfect fit. The covariance proportion
of the U-statistic is a measure of the unsystematic forecasting error, thus measur-
ing the quality of the forecasts (values close to unity indicate higher-quality
forecasts), and the other two components of the U-statistic are the bias propor-
tion and the variance proportion; all three add to unity. Most U-statistics are less
than 0.1, which implies that the model’s forecasting ability is quite good
(an exception to this is the bottom panel of table 1.7, which reports the out-of-
sample forecast, where the out-of-sample component corresponds to the post-
2004 period). In contrast, the covariance proportion for the rice model of the
2005-12 fitted prices based on the 1960-2004 model is much higher than
the other commodities (0.618, see table 1.7, bottom panel), implying that, while
the addition of the post-2004 period improves the performance of the model for
all four commodities, it does not do so for rice. That finding, combined with the
insignificant parameter estimate for the S/U ratio, further confirms that rice
stocks did not play any role during the recent price boom.

Checking Robustness

To check the model’s robustness, we estimated it as a panel (Pedroni 2004).
Table 1.8 reports a total of four panel estimates: full sample (1960-2012) and
shorter sample (1960-2004) for all five food prices (left-hand two columns) and
the three grains (right-hand two columns). In all four regressions, the adjusted-R?s
meet or exceed 0.90 while the parameter estimates for the S/U ratio, oil price,
and exchange rate are significantly different from zero at the 1 percent level.

Table 1.8 Parameter Estimates from Panel Regressions

31

All 5 commodities Three grains

1960-2012 1960-2004 1960-2012 1960-2004
Constant (Bo) 7.08%** (6.05) 6.37*** (5.73) 6.14%%* (4.51) 5.64%** (4.71)
Stock-to-use ratio (S/U,_,) —0.22*** (5.07) —0.23*** (5,55) —0.26%** (4.41) —0.26*** (5.15)
Oil price (Pro”-) 0.34%**(11.23) 0.24*** (7.62) 0.28%** (7.37) 0.18%** (4.98)
Exchange rate (XRr) —1.25%** (5.60) —1.20*** (5.71) —1.28%** (4.52) —1.27%**(5.15)
Interest rate (R)) 0.06 (1.15) 0.28*** (5.51) 0.10%* (1.76) 0.33%** (6.04)
Income (GDP) —0.17** (2.04) —0.18** (2.08) —0.15(1.50) —-0.17*(1.78)
Inflation muv) 0.18(1.63) -0.03(0.27) —0.09 (0.63) 0.04 (0.24)
Adjusted-R? 0.92 0.93 0.90 0.92
DW 0.88 1.08 0.77 0.99

Sources: Based on World Bank, Commodity Price Data (database), http://data.worldbank.org/data-catalog/commodity-price-data, and World
Development Indicators (database), http://data.worldbank.org/indicator/all; U.S. Department of Agriculture, Production, Supply and Distribution
Online (database), http//www.fas.usda.gov/psdonline; International Monetary Fund, Special Drawing Rights (database), http://www.imf.org
/external/np/fin/data/sdr_iraspx; U.S. Federal Reserve, Selected Interest Rates (database), http://www.federalreserve.gov/releases/h15/data.htm.
Note: See table 1.1. DW = Durbin-Watson (statistic of serial correlation); GDP = gross domestic product; MUV = manufacture unit value.

Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.
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The panel regressions, which broadly confirm the results of the individual
regressions, offer a useful summary assessment of the relative impact of the key
drivers. They can be summarized as follows. First, both the crude oil and the S/U
ratio elasticities are highly significant in all regressions, thus further confirming
the importance of these two drivers (especially the former) in determining long-
term price trends. Second, when the post-2004 observations are included, oil
elasticity increases but the S/U does not. In fact, the S/U ratio elasticities for the
three grains were identical in both regressions (=0.26, with t-ratios of 4.41 and
5.15). Third, the exchange rate elasticities of all four models were remarkably
similar (around —1.25) and highly significant at the 1 percent level. Fourth, the
impact of interest rates is positive and strong for 1960-2004 but weakens con-
siderably when the entire sample is used. Fifth, inflation does not seem to matter.
Last, income has either a marginal (albeit negative) or zero impact.

However, based on the unit root statistics, cointegration could not be
confirmed—it was rejected by four panel measures (v, p, PP, and ADF) as well as
three group measures (p, PP, and ADF) with all p-values exceeding 0.30. Such
rejection is important for at least two reasons. First, it confirms the presence of
significant qualitative and quantitative differences in the way in which food
prices respond to fundamentals. Thus, any analysis of the causes of food price
movements along with policy recommendations should be undertaken on a
commodity-specific rather than broad basis. To see this point, consider the simi-
larities and differences between maize and rice prices. Both prices respond in a
nearly identical fashion to oil price changes; yet, maize prices respond strongly to
S/U ratio but not to exchange rate movements, while rice prices do not respond
to S/U ratio but respond strongly to exchange rate movements. Second, from a
methodological perspective, the rejection of cointegration may lead to the erro-
neous conclusion that there is no long-run relationship between food prices and
fundamentals, whereas such relationship not only exists but is very strong.

Conclusions and Further Research

This chapter uses a reduced-form price-determination model on 1960-2012
annual data of five food commodities (maize, wheat, rice, soybeans, and palm
oil) to assess the relative contribution of various factors to their respective price
changes. The factors include crude oil prices on the supply side, stock-to-use
ratios, three macroeconomic indicators (exchange rate movements, interest
rates, and inflation), and income on the demand side. The chapter concludes
that food commodity prices respond strongly to energy prices, stock-to-use
ratios, and (in a mixed manner) to exchange rate movements. With a few
exceptions, interest rates and income growth do not matter. Yet, crude oil prices
mattered the most during the recent boom period because they experienced
the largest increase. In terms of model performance, wheat and maize per-
formed the best, while rice performed poorly, the latter a likely reflection of
the fact that the rice market is subjected to policy distortions the most among
the commodities analyzed.
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From a methodological perspective, the research presented here can be
extended in a number of ways. By applying the model to other commodities
(either food or raw materials and metals), one could explore whether the drivers
discussed here are relevant to these commodities as well. Another direction
could entail the use of alternative measures for the key drivers and examining
whether they are associated with significant differences in the elasticity esti-
mates. In contrast, the differences between the limited and full sample models
imply that a time-varying parameter model may yield further insights into the
nature of the recent (and earlier) commodity price booms. The role of policies is
another important extension that can shed more light on the undershooting and
overshooting observed during the years before and after 2004-05 as well as the
poor performance of the rice model. Last, measuring price volatility through the
lenses of higher-frequency data (for example, monthly or even daily data) is
another direction where further research is warranted, especially in view of
the ongoing policy debate surrounding the causes and consequences of food
price volatility.
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CHAPTER 2

The Role of Biofuel Policies on Grain
and Oilseed Prices

Harry de Gorter, Dusan Drabik, and Erika M. Kliauga

Introduction

Following three decades of decline, world grain and oilseed prices have spiked
three times in six years, with comovement among commodity prices. High food
prices and increased price volatility have most severely hit poor net food con-
sumers in developing countries, especially those living in urban areas, along with
value-added industries (dairy, livestock, and poultry) worldwide. The greatest
economic and social impact is on developing nations because agriculture
accounts for a sizable share of their gross domestic product and many of these
economies depend heavily on food commodity trade. Food commodity price
spikes—and volatility in general—resonate with the public and affect social
welfare more dramatically than price volatility in other products.

Under the rubric of environmental and energy legislation in countries of the
Organisation for Economic Co-operation and Development (OECD), biofuel
policies contributed directly to the unprecedented price spikes in the food grain
and oilseed sectors by creating the link between biofuel and food grain prices.
This chapter argues that the catalyst for this new era of high and volatile com-
modity markets was the dramatic increase in corn prices in October 2006. Both
the U.S. ban on a fuel additive that competes with ethanol and the activation of
the long dormant U.S. ethanol tax credit by unprecedented high oil prices ele-
vated ethanol prices, thereby creating a direct link between ethanol and corn
prices for the first time (de Gorter and Just 2008; Tyner 2008).1

Rausser and de Gorter (2012) show that in the years before October 2006,
no visual link existed between corn and either oil or ethanol prices even though
ethanol and oil prices more than doubled. Corn prices were basically flat over
the 33 months in which oil prices rose sharply, even though corn market partici-
pants were well aware corn production is energy intensive, so the observed corn
price was adjusted for the higher input costs (Baffes 2007). Ethanol prices
soared to a peak of US$3.65 per gallon in July 2006; they never reached that
level again, however. Ethanol prices fell toward US$2.00 per gallon in early 2012
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while corn prices peaked at over four times their average level from the first
33 months of 2004-06.

Figure 2.1 summarizes how, after the market realized corn-ethanol processing
capacity was to double in one year, the US. farm price of corn increased
88 percent (Kansas City #2 white corn price up 107 percent) in five months,
causing tortilla prices to double, thereby precipitating the Mexican Tortilla Crisis
in January 2007. The ensuing political anxiety led to the February 2007 ban on
wheat exports by India and later by Ukraine, the beginning of many developing
countries’ policy responses to come (Slayton 2009; Timmer 2008, 2010; Timmer
and Dawe 2010); all these policy reactions exacerbated grain price increases
(Anderson 2012; Martin and Anderson 2012).2 Finally, figure 2.1 shows the
United States doubled its ethanol mandate in December 2007, at which point
the high grain and oilseed price boom was in full swing.?

By August 2007, corn and ethanol prices were in lockstep, as were bio-
diesel and diesel prices, and reached an equilibrium that de Gorter and Just’s

Figure 2.1 Corn Prices and Ethanol Production Capacity
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(2008, 2009a, 2009b) theory of biofuel policy predicts (Drabik 2011). Wheat
prices were pulled up by this sudden increase in corn prices right after the
export bans by India and Ukraine, themselves precipitated by the skyrocket-
ing corn price to its interim peak in February 2007 (having finally reacted to
and become linked to high ethanol prices).# Wheat price increases began their
last leg (basically straight up) after the October 2007 rice export ban by India,
moving from US$7 to US$11 per bushel in a very short time. Rice prices did
not move until the Indian rice ban in October 2007. Because rice was by far
the last price to react, it increased even faster than corn in March 2008. But
after mid-2010, corn (and hence soybean and other oilseed) prices reemerged
as the price leader and went their own way, again following crude oil prices.
Not surprisingly, wheat and rice followed along because both compete for
land with coarse grains and oilseeds and are substitutable in demand; for
instance, wheat can be fed to livestock and rice consumers can substitute
wheat in their diets (for example, in India).2

With the aid of arrows and descriptors, figure 2.2 provides an overall summary
of the influence of biofuel policies. In the early period, oil prices led cereal prices
for the first time (Baffes and Haniotis 2010). This hints that the current trend
may be different where the link between oil and cereal prices is due to the
demand for biofuels so that biofuel policies may have played a key role. Then in
2006-07, cereal prices were jolted by the corn price increase, even though cereal
and oil prices went in opposite directions in that period. But as cereal prices

Figure 2.2 Oil and Cereal Prices
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flattened out in 2007, oil prices continued their steep rise. By the last quarter of
2007, cereal and oil prices were rising in lockstep. In fact, cereal prices seemingly
led oil prices in 2008. This outcome can be explained as follows. Because of the
wheat and rice export bans (and bad weather reducing world wheat production
by 3.9 percent), wheat and rice prices actually went up faster than corn prices in
early 2008.% But the near futures prices of corn (and hence other feed grains)
and soybeans (and hence other oilseeds) were locked onto each other and to the
near futures prices of oil on the way up and down from their peaks in 2008
(see McCalla 2009, slides 3-5). Thus no crop supply and demand shift could
have affected feed grain and oilseed prices in 2008: they were locked onto the oil
price because of biofuel policies. But wheat and rice prices reacted earlier (or one
could argue overreacted), given the developing-country policy responses and
reduced wheat production.

After the 2008 U.S. financial crisis that caused the biggest economic depres-
sion since the Great Depression (during which the Illinois farm price of corn
plummeted to a low of US$3.21 per bushel—not the US$1.77 per bushel low
in 2005-06 when the world was enjoying its biggest economic boom ever), corn
prices, like all other crop prices, fell precipitously with oil prices. Hence, U.S.
monetary and fiscal policies, devised in response to the 2008 financial crisis—
which itself was induced by failed regulatory and financial policies—also substan-
tially affected commodity prices and thus volatility. In the last quarter of 2008
and in all of 2009, however, oil prices declined much more than cereal prices
because the huge ethanol price premiums imposed by the mandate held crop
prices up. Ethanol prices (and hence corn and soybean prices) were above that
dictated in the case where ethanol prices were directly linked to oil (through
gasoline) prices plus the ethanol consumption subsidy (called the blender’s tax
credit in the United States).

In 2010, oil prices began their march right back up again, but this time corn
prices led the way with premiums imposed by the mandate. Corn (and hence all
other crops that are direct substitutes in demand and compete for the same land
in production) led oil prices in 2010 and beyond (as shown in figure 2.2 by the
cereal price index). Corn prices could only rise because ethanol prices dictated
their rise (or vice versa in 2010 onward because corn prices have more influence
on ethanol prices when the mandate is binding).Z Wheat prices touched January
2005 lows in mid-2010 but quickly reversed and followed corn prices upward as
oil prices began to rise and coarse grain and oilseed prices were then at a pre-
mium to oil (compared to a discount in 2008) and therefore rose even faster
compared with 2008. Hence, corn and oilseed prices peaked in April 2011 at a
higher price than in 2008 with lower oil prices. Wheat prices followed, as did rice
prices, after some hesitation during the October 2010 to June 2011 period.
Although the very high ethanol price premiums caused by the mandates begin-
ning in October 2008 evaporated several times, the mandate premium was at a
record high in 2012 because of the expired U.S. blender’s tax credit and drought,
thereby generating a large gap between the cereal price index and the oil price
(figure 2.2).8
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A key indicator that the 2006-07 crop year was a watershed event is the
sudden and unexpected outward shift in demand in terms of the relationship
between the corn price and the stock-to-use ratio. Analyses by Byrd (2012) and
de Gorter, Drabik, and Just (2013b) show how the market’s sudden realization
of biofuels affected corn stockholding where ending stocks increased with
prices in 2007-08 in anticipation of ethanol production (Carter, Rausser, and
Smith 2012; Wright 2011). In all other years, stocks and prices moved in oppo-
site directions, indicating any shock was treated by the market as an aberration—
not as a change in mean price but rather as a one-time shock—so as prices
increased, stocks were depleted. Thus, in 2007-08 the market realized that
biofuels would be a permanent shift in demand; stocks increased with prices,
reflecting a watershed event.

This chapter draws attention to how biofuel policies are a key driver of
high and volatile grain and oilseed prices and what the key implications are
for developing countries and trade. We argue that biofuels’ effect on food
markets is all due to policy, although we explain later that for Brazil, ethanol
may have been taxed in some situations. But we argue that without biofuel
policy in OECD countries, biofuel production would not have increased
dramatically. Biofuel policies vary: mandates, consumption and production
subsidies (including for feedstocks), environmental regulations, import tariffs,
and binary sustainability standard thresholds requiring biofuels to reduce
greenhouse gas (GHG) emissions relative to gasoline.

Each of these biofuel policy categories has its own particular impact on
grain prices—some fleeting, some long run, some large—especially when used
in combination with other biofuel or agricultural policies within a country or
across countries. It is important to understand that the effects of shocks in oil
prices or grain supply depend critically on the policy determining the world
commodity price (Yano, Blandford, and Surry 2010) and the nature of policy
interactions within and among countries. It is also important to note that
mandates and tax exemptions do not discriminate against international trade,
but the other policies do, and that along with the sudden imposition of man-
dates, environmental regulations, and high oil prices activating tax exemp-
tions, developing countries have been unable to benefit directly from OECD
countries’ biofuel policies. Multilateral rules on biofuels policies are therefore
required.

The remainder of this chapter is organized as follows. The next section
briefly summarizes the key biofuel policies and the methodology for analyzing
their impact on crop prices, including the effect of trade discriminatory
policies. The following section provides a summary of the net impact of bio-
fuel policies on crop prices, given a counterfactual of the new reality of an
ethanol-crop price link through biofuel demand. We conclude that the maxi-
mum effect of nonbiofuel factors is around 15 percent of the corn price
change. The next section summarizes the sugarcane-ethanol policy impacts
in Brazil. The final section concludes and draws some implications for food
security in developing countries.
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Measuring the Support and Trade Distortion Caused by Biofuel Policies

The magnitude and impact of these [biofuel] subsidies is imperfectly understood,
as is their relation to the reporting and monitoring ... in the [World Trade
Organization] ... [T]ime is ripe for an initiative to clarify both the status of biofuel
subsidies in the WTO rules and the magnitude of these subsidies. The alternative is
continued contention and confusion.

—Josling, Blandford, and Earley 2010, p. 4-5.

This section outlines a consistent economic framework for measuring the
“support” component of biofuel policies. This information can be used directly as
inputs for World Trade Organization (WTQO) reporting and monitoring require-
ments of the Agreement on Subsidies and Countervailing Measures (ASCM); the
Agreement on Agriculture (AoA), which forbids subsidies in excess of the
“aggregate measurement of support” (AMS) (and where taxpayer-funded subsi-
dies are only one part of “support”); and the OECD Trade Mandate on reporting
“producer subsidy equivalents” (PSEs). Subsidies to biofuels and agricultural
commodities need to be in compliance not only with the ASCM, but also with
the AoA (where ethanol is classified as an agricultural product) to avoid chal-
lenges from other WTO members (Josling, Blandford, and Earley 2010). The
analysis in this section can also be used as inputs for assessing the market impacts
of these subsidies, as required to determine serious prejudice (measured by
changes in market share, imports displaced, or price suppression), material injury
to domestic producers (thus allowing a countervailing subsidy, or nullification
and impairment in any WTO dispute. Understanding the subsidy component of
biofuel policies is no less important to influence debate over reforms in domestic
biofuel policies and to inform the public of the causes for escalating food grain
commodity prices.

Measuring the subsidy component of biofuel policies is not as straightforward
as measuring this component for traditional policies, however, because of links to
oil markets, the complex interaction effects between different agricultural and
biofuel policies, and the way in which international biofuel prices are determined
(de Gorter and Just 2010b; Drabik 2011; Kliauga, de Gorter, and Just 2011).

We address issues in the following categories:

1. What is the subsidy or support component? This is analogous to determining
the level of an import tariff, a production subsidy, or a dumping margin in
traditional analysis for WTO monitoring purposes. No consideration is made
for market effects or for redundancy (an example of redundancy is the WTO
does not consider “water” in tariffs).2 Should ethanol be part of the AMS? And
should the AoA’s wording—"“measures directed at agricultural processors shall
be included to the extent that such measures benefit the producers of basic
agricultural products”—be interpreted to mean ethanol subsidies help U.S.
corn producers directly and so should be included as part of the U.S. AMS? But
the benefit to corn producers derived from an ethanol policy is not a concern
of the WTO’s ASCM.
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2. What is the rate of protection? The OECD does adjust policy measures into
“protection equivalents.” For example, water in the tariff is netted out by calcu-
lating actual rates of protection through comparing domestic and world prices.

3. What is the market impact? Answering this question requires performing eco-
nomic modeling where the data collected under the first two items are pro-
cessed further to determine the magnitude of serious prejudice, material injury,
or nullification and impairment.

Categories 1 and 2 are analogous to current reporting requirements in the
ASCM and AoA and in OECD PSE measures. The third category of issues
involves standard procedures of measuring market impacts required to resolve
disputes in domestic trade remedy laws or in WTO dispute settlement body
determinations.

The first category does not typically require the simulation of an economic
model of the market (but it may be required for the analysis of biofuel policies);
it uses observed data only. Therefore, unlike the issues in category 3, no counter-
factuals are required. Category 2 lies somewhere in between the other two cat-
egories where some adjustment is made to the data calculated in category 1 to
include only that part of the policy that has a market effect (without actually
measuring the market effect). As we show later, the last is very important in the
case of analyzing biofuel policies because we show there is water in the ethanol
price premium because of biofuel policies.

Before providing the framework of analysis, we first explain the various cate-
gories of biofuel policies, given the new and unique role of energy and environ-
mental policies in linking biofuel prices to crop prices. Those policies that
significantly affected the crop market include

¢ Biofuel consumption subsidies, such as the U.S. federal tax credit (imple-
mented in 1978) that expired at the end of 2011, or tax exemptions at the fuel
pump in most other countries (for example, the European Union [EU]). The
federal tax credit provides a per gallon subsidy to firms that blend biofuels
with gasoline for end consumption and results in a higher biofuel price.

¢ Formal biofuel consumption blend mandates, such as that implemented by the
U.S. Energy Independence and Security Act of 2007. A blend mandate is a
requirement that, at minimum, a certain percentage of fuel consumed be
biofuels.

¢ Informal mandates for ethanol in the form of environmental regulations, for
example, U.S. environmental policy on air pollution and the ban on the use of
the fuel additive methyl tertiary butyl ether (MTBE). MTBE, although a low-
cost and close substitute to ethanol as a fuel oxygenator, pollutes water
supplies.

® Production subsidies for both biofuels and feedstocks (for example, for corn).

e Import tariffs and tariff-rate quotas, such as the US$0.54 per gallon ethanol
import tariff (implemented in 1980) that expired at the end of 2011 or the
stiff EU ethanol import tariffs, which still remain in place.
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® Binary 0,1 sustainability standards, such as the standard according to which
one (energy-equivalent) gallon of corn-ethanol is required to reduce GHG
emissions by 20 percent relative to the gallon of gasoline it is assumed to
replace or it cannot be counted as a biofuel in the mandate.

Various U.S. biofuel policies have interacted both with each other and with
biofuel policies in the rest of the world. The economics of commodity price
volatility have become more complex; the interaction effects now depend not
only on the source of the shock (oil prices versus crop supply and demand
shocks) or on which biofuel policy determines the world biofuel market price
(for example, tax credit versus mandate), but also on the interactions across the
various environmental, energy, and agricultural policy instruments within a
country as well as across countries. We argue the food grain price volatility may
have had as much to do with policy regime changes within or across countries,
because of market shocks or individual policy changes, as with shocks in either
oil prices or crop markets for a given policy regime. Although higher food grain
commodity prices means the subsidy component of traditional agricultural
policies is lower, the interaction effects of agricultural, energy, and environmen-
tal policies are unique, thereby affecting price volatility.

The centerpieces of most countries’ biofuel policy portfolio are blend
mandates and biofuel consumption subsidies (called blender’s tax credits in
the United States and fuel tax exemptions at the retail gasoline and diesel
pumps in most other countries). A biofuel mandate or biofuel tax credit, by
itself, does not discriminate against international trade in biofuels or the bio-
mass feedstock. In other words, a mandate that raises the price of ethanol in
the United States does not adversely affect Brazilian ethanol or sugarcane
producers (nor would a tax credit adversely affect Brazilian producers).
Subsidies are not specific to feedstock and biofuel producers—every corn
(and sugarcane and wheat) producer in the world would benefit from a U.S.
blender’s tax credit.

Biofuel feedstock production subsidies can act as a subsidy for domestic bio-
fuel production, thereby adversely affecting other biofuel producers. For exam-
ple, a corn production subsidy adversely affects ethanol producers in Brazil as
well as sugarcane producers but not a Canadian ethanol producer using corn.
Therefore, production subsidies for the feedstock (for example, corn) discrimi-
nate against trade in biofuels only for those countries that use another feedstock
for ethanol.

Biofuel production subsidies also provide support to feedstock producers in
the form of higher prices but are not trade discriminatory in the feedstock.
However, an ethanol production subsidy adversely affects not only gasoline and
oil producers, but also other biofuel producers; for example, U.S. ethanol subsi-
dies adversely affect ethanol producers in Brazil.

A tax credit (or exemption) with a binding mandate does the opposite of what
would be expected: it subsidizes fuel consumption, most of which is gasoline
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(diesel), and so increases gasoline prices (de Gorter and Just 2010b). Likewise,
corn and ethanol production subsidies subsidize fuel (that is, ethanol and gasoline)
consumption. Regardless of either the tax credit or the mandate determining the
ethanol market price, a corn production subsidy reduces both ethanol and corn
market prices. The situation differs, however, for the ethanol production subsidy
where the ethanol market price decreases, but the corn price increases.

If the market price of the biofuel is determined outside the country, then a
biofuel consumption subsidy in the form of a tax credit (as was the case in the
United States) subsidizes the export of the biofuel (this does not happen if a tax
exemption existed instead).!? Neither an exemption nor a blender’s tax credit
discriminates against international trade in specific circumstances: for example,
in the world biodiesel market, the U.S. blender’s tax credit is a production
subsidy. In theory, a tax credit is not specific because the other countries, for
example, the European Union (EU), can—and did—get the U.S. blender’s tax
credit. But transaction costs might have prevented most EU production from
being able to get the tax credit, so it was a de facto specific subsidy.

To ease the understanding of the complexities of market effects of biofuel
policies, we first analyze them at a national level and then proceed by includ-
ing their interaction effects at an international level. The latter effects can
result, for example, from where (and how) the biofuel price is determined or
from policy regime switching within a country or across countries (for exam-
ple, because of market shocks or changes in biofuel policy somewhere in

the world).

National-Level Effects

Biofuel mandates usually take the form of formal blending requirements for a
biofuel in the final fuel blend (that is, ethanol and gasoline or biodiesel and
diesel). But environmental regulations in the United States resulted in an infor-
mal (de facto) ethanol blend mandate. Biofuel consumption subsidies are imple-
mented as biofuel tax credits in the United States and as tax exemptions at the
pump level in other countries. In a closed economy (the focus of this subsection),
the market effects of tax credits and exemptions are identical—they increase the
market price of the biofuel above the gasoline and diesel price by the amount
of the subsidy—but the effects differ in an open economy framework (see the
discussion in the next subsection).

By exerting upward pressure on biofuel and feedstock prices, biofuel policies
support the biofuel and agricultural sectors both domestically and internation-
ally. To analyze and quantify the support to corn producers owing to biofuel
policies, one needs to start with how ethanol prices, determined by biofuel poli-
cies, affect corn prices.l! Recently, de Gorter and Just (2008, 2009a) and Lapan
and Moschini (2012) have theoretically determined, and Drabik (2011), Cui
and others (2011), and Mallory, Irwin, and Hayes (2012) have empirically veri-
fied, that the link between ethanol and corn prices holds regardless of the bind-
ing biofuel policy (a mandate or a tax credit) and that a US$0.01 per gallon
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increase in the ethanol market price results in approximately a US$0.04 per
bushel increase in the corn price.

Now that we can quantify the effects of a biofuel policy, we need to determine
the ethanol market price that would exist without ethanol policies. Because of
a lower energy content, the mileage obtained from 1 gallon of ethanol is only
70 percent of that obtained from 1 gallon of gasoline. If consumers value ethanol
and gasoline according to miles traveled, and if they are free to choose between
ethanol and gasoline, then the market price of ethanol in U.S. dollars per gallon
that consumers are willing to pay (and be indifferent to purchasing a gallon of
gasoline) is substantially less than the price of gasoline for two reasons: the lower
mileage per gallon from ethanol and the volumetric fuel tax, which represents a
penalty to blenders. That is, blenders have to pay the tax, but consumers are
willing to pay only a fuel tax on ethanol proportional to its mileage per gallon,
which is only 70 percent of the fuel tax.

With the definition of the “no-policy” ethanol price, we are in a position to
define the ethanol price premium as the difference between the observed and
the no-policy ethanol market price. The average ethanol price premium in
2008-11 was US$0.81 per gallon, or 59 percent above the average US$0.51 per
gallon (federal plus state) tax credits. This means mandates were binding on
average for each year and hence on average for the period.12

This ethanol price premium is very high, but not all of it results in a direct
increase in corn prices because of water in the ethanol price premium.3

Water averaged 61 percent of the ethanol price premium generated by poli-
cies and 44 percent of the observed corn price in the 2008-11 period.14
Combining the effects of water and the reduced price of gasoline (and hence in
oil and ethanol market prices) owing to ethanol supplies (all due to policy), then
the net support to corn producers averaged US$1.21 per bushel,!> much lower
than the average ethanol price premium of US$3.15 per bushel (Drabik 2011).

If there had been no water, the entire ethanol price premium would have
gone to ethanol and corn producers. Estimates of this hypothetical transfer to
corn producers averaged US$39 billion per year (Drabik 2011). Overall, the
gross corn producer support equivalent reached US$155 billion over the period
under analysis. But because water tempered the corn price, increasing the effect
of the ethanol price premium, the net corn support equivalent averaged only
US$15 billion per year, for a total of US$59 billion over the period.

An unresolved issue is what number would be reported to the WTO’s AMS
and be included in the OECD’s PSE. Would water be netted out? Clearly, the
taxpayer costs are a poor indicator of the support received by ethanol and corn
producers.

The influence of U.S. ethanol policy is large. The next question becomes, if all
crop prices move together because of substitution in demand and competition
for land, was U.S. ethanol policy, which tied corn prices to oil through the tax
credit, the major driver of all crop prices? In the 2008 price run-up, corn and
soybean near futures prices were very closely tied to near futures prices of oil
(McCalla 2009). Clearly, the U.S. ethanol tax credit was linking corn to oil prices,
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and we would expect a tight link between corn and soybeans because of the
competition for land and the nature of their feed demands. Hence, any change in
biodiesel production on land use will have one-to-one effects on oilseed and corn
prices and vice versa for corn-ethanol production on oilseed prices. Although the
volume of total biofuel production in OECD countries (excluding U.S. corn-
ethanol) is only half that of U.S. ethanol production, this OECD biodiesel
production requires much more land area per gallon of biofuel yielded (for
example, wheat for ethanol or rapeseed and soybeans for biodiesel). As a result,
biodiesel production has a disproportionate impact on food grain prices.

Although the preceding quantitative estimates implicitly include the effects
of all four biofuel policies—that is, a mandate, a tax credit, and each of ethanol
and corn production subsidies—the particular effects of consumption and
production subsidies in conjunction with a binding mandate have not been
spelled out. As shown in Drabik (2011), a common feature of all three subsi-
dies listed is to reduce the consumer fuel price, which implies higher fuel
(mostly gasoline) consumption. Given a fixed blend requirement, higher fuel
consumption results in a higher need for gasoline to complement a higher
volume of ethanol. Notice, however, that the three policies do not result in
identical market effects.

Because the ethanol price is determined by the mandate, the tax credit’s effect
on the ethanol price is small. But to obtain the tax credit and increase their market
share, blenders lower the price of fuel to consumers until the benefits of the tax
credit in the form of windfall profits are completely dissipated. Thus, the tax-
payer’s money collected for the tax credit becomes a transfer to fuel consumers
and gasoline producers. Gasoline producers gain from higher production. Being
directly linked to the ethanol price, the corn price also increases when a tax credit
is combined with a binding mandate, though this increase is likely very small.

Corn and ethanol production subsidies affect the fuel price through a differ-
ent channel. They both reduce the marginal cost of ethanol production, but in
addition, corn production subsidies generate more of less expensive corn for
ethanol producers. Because the marginal cost of ethanol production declines,
blenders see a lower ethanol price. In the case of the corn production subsidy, the
lower ethanol price for blenders coincides with the one received by ethanol pro-
ducers, which is directly linked to the corn price. The ethanol production subsidy
drives a wedge between the market price of ethanol (faced by fuel blenders) and
the ethanol producer price, however. Hence the ethanol price increases, as does
the corn price.

Finally, how do biofuel policies affect the impact of alternative production
subsidies on corn prices? If a tax credit is binding, corn production subsidies
have minimal effects on corn prices because any impact has to go through oil
prices, but under a mandate, corn prices fall by almost 50 percent more than if
no biofuel policy existed (Drabik 2011). In contrast, an ethanol production
subsidy alone is not large enough to bridge the existing water and only negligi-
bly increases corn prices when used in combination with the mandate (which
determines the ethanol and hence corn price). However, the ethanol
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production subsidy has a full effect in increasing corn prices (and has no impact
on ethanol prices) when used in combination with a binding tax credit because
the subsidy drives a wedge between ethanol producers’ and blenders’ prices.

Cross-Country Interaction

Although a tax credit and tax exemption have identical effects in a closed
economy, their effects differ in an open economy, depending on where and how
the world biofuel price is determined. This factor poses an important question:
What effects do the tax credits or tax exemptions have in the countries that do
not determine the world price? Either policy (a tax exemption or a tax credit) in
the price-determining country is an actionable subsidy by itself, from the point
of view of oil producers (but not for biofuel producers, because biodiesel produc-
ers gain worldwide). The reason is that either the tax exemption or the tax credit,
depending on which determines the world market price, increases the market
price of a biofuel; hence, its production is above a level that would have other-
wise existed.

If we assume a two-country world, the question now becomes whether a tax
credit (tax exemption) in the other country is also necessarily an actionable
subsidy. Not always, as de Gorter, Drabik, and Just (2011) explain. The reason is
that once the world market price of a biofuel is established by country A, a tax
credit or a tax exemption in country B cannot affect it, but acts as a production
subsidy in the case of a tax credit and fuel consumption subsidy with a tax
exemption. Therefore, if country B has a tax credit, then it is an actionable sub-
sidy, but a tax exemption is not (oil producers can even benefit from it because
fuel consumption increases, as does consumption of diesel). Furthermore, if
country B has a tax credit (as was the case with the United States and the “splash
and dash” program), it expands biofuel exports because of increased biodiesel
production and imports from third countries that are “splashed” and then
“dashed” to country A (the EU). If the United States determined the world bio-
diesel price (country A in this case) through a tax exemption, then the EU tax
exemption would subsidize fuel consumption and have little (or no) effect on
U.S. biodiesel prices. In contrast, if the EU had a tax credit, it would subsidize
biodiesel production.

One implication of the preceding discussion is that the entire “splash and
dash” controversy would not have existed had the EU switched its tax exemption
to a blender’s tax credit, or had the United States switched its tax credit to a tax
exemption. Thus, no country could “double dip.”

An example of the complexities of the mutual interaction effects of interna-
tional biofuel policies is the Canadian “triple dipping” during the EU-U.S. “splash
and dash” trade dispute: first, by getting the Canadian biodiesel production sub-
sidy; second, by exporting biodiesel to the United States, where it obtained the
U.S. tax credit after a shipment had been “splashed” with less than 1 percent
diesel; and third, by then exporting to the EU where the Canadian producers
enjoyed the third benefit—the EU biodiesel tax exemption. Not surprisingly,
Canada exported all of its biodiesel production. We give another example of the
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importance of interactions of policies across countries in the later discussion of
Brazil’s sugarcane-ethanol situation.

Trade Barriers to Biofuels

The United States has never been a major importer of sugarcane-ethanol from
Brazil, despite the significant cost and comparative advantages in ethanol produc-
tion that Brazil enjoys. This is largely because the United States (and the EU) had
a bevy of trade discriminatory policies that have been in place for more than
30 years. These import barriers included hefty import tariffs and tariff rate
import quotas (Jank and others 2007; Kojima, Mitchell, and Ward 2007).

These import barriers are inconsistent with both energy and environmental
goals. Brazil is currently the least-cost supplier of ethanol. Moreover, sugarcane-
ethanol contributes far more in reducing GHG emissions than corn-based
ethanol. Costs of production are lower (twice the amount of ethanol is produced
per hectare), and crops displaced by U.S. ethanol production have to be produced
elsewhere (for example, corn yields in Brazil are significantly less than those of
the United States). In addition, annual net sequestration per hectare is much
higher in Brazil.

When ethanol prices increased sharply in 2006 because of the MTBE ban, and
higher oil prices had activated the tax credit, Brazil was unable to fill the demand
because of the perennial nature and long production cycle of sugarcane.
(Increasing sugarcane production takes time and significant investment, not to
mention the lack of investment to develop the infrastructure in Brazil necessary
to carry ethanol to Brazilian ports.l6) Meanwhile, U.S. corn-ethanol production
increased sharply as corn farmers simply grabbed land from other uses to increase
supply immediately. The lesson here is that long-run trade-distorting policies
have short-run trade and economic welfare implications.

Also important is that tariffs have short-run effects on commodity prices, too.
Because the EU has an overall mandate and differential import tariffs for ethanol
and biodiesel, ethanol prices are too high relative to biodiesel. Although the
United States does not have differential tariffs any longer, it has a specific man-
date for biodiesel, so the price of biodiesel is about twice that of ethanol. This
mandate further distorts commodity markets because too much land is devoted
to oilseeds for the production of a more inefficient biofuel .12

Binary Sustainability Standards

The binary sustainability standards have also had market effects, with the EU
currently arguing that U.S. biodiesel from soybean oil does not meet its standard,
while accepting Argentinean biodiesel from soybean oil and U.S. corn-ethanol.
This happens even though the U.S. Environmental Protection Agency admit-
ted that U.S. corn-ethanol does not meet the EU sustainability standard of a
30 percent reduction on GHG emissions. Interestingly, this all occurs despite the
fact that Argentina has differential export taxes on soybeans, soybean oil, and
biodiesel, thus effectively subsidizing biodiesel exports. Both the United States
and the EU disallow use of palm oil as biodiesel, but the United States allowed
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palm oil as part of the “splash and dash” scheme for exports to the EU (de Gorter,
Drabik, and Just 2011). All of this has increased rapeseed oil prices and its price
premium vis-a-vis both soybean and palm oil. Canada now plants more land to
rapeseed than to wheat. Argentina’s biodiesel also does not fulfill the U.S. stan-
dard, but it meets the EU one, allowing the EU to import biodiesel from
Argentina. Moreover, the EU bars genetically modified canola oil-based biodiesel
from Canada and the United States. The EU either imports biodiesel or the veg-
etable oil that replaces the domestic rapeseed oil used in EU biodiesel produc-
tion, thereby having dubious effects on EU energy security. Hence, binary biofuel
standards, when combined with other policies, have introduced a variety of
market distortions and created trade that would not have occurred otherwise.

Binary sustainability standards are often ineffective because they can be cir-
cumvented by shuffling and leakage. Sustainability standards induce shuffling
because incentives are given for ethanol producers to use relatively clean inputs
(for example, natural gas) while the dirtier inputs (for example, coal) that might
otherwise have been used are simply used by other producers to make products
not covered by the sustainability standard. With shuffling, neither the location
nor the costs of production change, but the sustainability standard is nevertheless
nominally met. The standard is thus ineffective because it simply drives dirtier
fuels to other uses rather than forcing them from the market entirely. International
shuffling also occurs: Indonesia may export sustainable biodiesel and consume
unsustainable biodiesel at home, or California may purchase Brazilian ethanol to
comply with its low-carbon fuel standard while the rest of the United States
purchases Midwestern ethanol, which has a higher carbon footprint. Expanding
measures of indirect land use change to account for all indirect changes should
mean measuring the indirect output use change as well (de Gorter 2010; Drabik,
de Gorter, and Just 2010).

Sustainability standards would be illegal under WTO law because they dis-
criminate between domestic and imported products based on the processes or
production methods used to produce them. This is a prima facie violation of
WTO rules, imposing a burden on the United States to bring the ethanol sustain-
ability standard within the exception for trade laws protecting the environment
under article XX (g) of the General Agreement on Tariffs and Trade (de Gorter
and Just 2009¢). This burden is not always easy to meet, because the United
States may not survive a legal challenge under the “chapeau” of article XX, which
requires the U.S. standard not to constitute arbitrary or unjustified discrimination
or a disguised restriction on international trade and to be least trade restrictive

(Harmer 2009; Switzer and McMahon 2010).

The Impact of Biofuel Policy Compared to Other
“Perfect Storm” Factors

The literature on the role of biofuel policies on the level of grain and oilseed
prices takes very different approaches and reaches a wide range of conclusions.1®

The most popular view is that the food grains price boom from 2006 onward was
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due to a “perfect storm” of many factors of which biofuels was merely one 12

Another burgeoning strand of literature analyzes the dynamic links between
crop, biofuel, and energy prices using statistical time-series models to determine
the influence of higher energy prices on crop prices.22 These reduced-form time-
series analyses do not identify the key periods in the process of biofuel policies
linking crop prices to biofuels and in the link between biofuel and gasoline and
diesel prices, so any conclusions reached in this literature are of limited value.
This literature so far has been unable to control for the switch in regimes
between biofuel policies within a country?! or across countries. A third strand of
literature argues that biofuel policies play a much bigger role; this literature uses
specialized models that closely look at the biofuel policy that is binding and the
specific relations between the gasoline (diesel), biofuel, and feedstock or crop
prices domestically and internationally (see, for example, de Gorter 2008;
de Gorter and Just 2010a; and de Gorter and Drabik 2012a, 2012b). We take this
approach in this chapter.

Each of the various biofuel policies discussed in the previous section
affected corn prices but did so through different channels at different times and
magnitudes. The key to understanding how these biofuel policies did and do
affect grain commodity prices is to recognize the link between ethanol and corn
prices (and between biodiesel and soybean oil prices). Ethanol prices can be
linked to gasoline prices either directly (through a tax credit) or indirectly
(through mandated premiums above the tax credit). Gasoline prices, in con-
trast, are a direct function of oil prices. Understanding the corn-ethanol price
multiplier of four discussed previously is extremely important (although tem-
pered somewhat by water representing the distance by which the intercept of
the ethanol supply curve is above the free market ethanol price).22 This coef-
ficient is the key driver for corn prices and, because all grains and oilseeds
compete for the same land and are substitutable in demand, for all grain and
oilseed prices.z3

The theoretical model linking corn and ethanol prices as summarized in
Drabik (2011) predicts very well with only three periods where corn prices are
overpredicted, each mostly because of constraints in ethanol processing capacity
(de Gorter, Drabik, and Just forthcoming). This means corn price volatility was
moderated, compared with what otherwise would have been the case. Note that
these three periods (a) occurred when the ethanol price premium over the tax
credit was rising, and (b) were followed immediately by a period of a gasoline
price higher than the ethanol price. Hence, ethanol was relatively overvalued,
thereby generating the constraints in the first place.

Now the issue becomes how much of the change in corn prices was due to
perfect storm factors other than biofuel policies? Clearly, when the corn price is
tied to the oil price with the tax credit, no crop supply and demand shift could
have affected corn prices except for changes in oil prices (through the gasoline
price). So the maximum effect perfect storm factors (other than biofuel policy)
could have had was to eliminate the ethanol price premium (in U.S. dollars per
bushel) that was caused by the mandate. Any premium above the tax credit
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allows shifts in supply and demand curves to affect corn prices (until the
mandate premium disappears, after which the corn price is solely determined by
oil prices and the tax credit). So the maximum effect of perfect storm factors (all
factors other than U.S. ethanol policy) is US$0.53 per bushel, or 12.3 percent of
the average corn price in this period (see de Gorter, Drabik, and Just 2013a). This
outcome is because the difference between the actual corn price and that if the
tax credit was the only binding policy is US$0.53 per bushel.2¢ This represents
the maximum contribution to corn prices of all other (non-U.S. ethanol policy)
market factors.2

Another consideration is that the calibrated supply and demand curves for
corn incorporate effects of biofuel policies everywhere else. The corn supply
curve and nonethanol demand curve shift up because of other U.S. and rest-of-
world biofuel policies, thereby overestimating the intercept of the corn-ethanol
supply curve and so underestimating the effect of U.S. ethanol policy on corn
prices. For example, U.S. biodiesel policy causes land to be pulled out of corn
into soybeans, thus causing the nonethanol corn price to rise. The preceding
estimate of a 43 percent increase in corn prices for 2010 (from US$2.67 per
bushel to US$3.83 per bushel) is underestimated because other biofuel policies
(including those in the rest of the world) have caused the counterfactual corn
price with no U.S. ethanol production to be higher than would otherwise have
been the case. However, if a mandate price premium existed, it, too, could have
been lowered, so the net effect may not be so big in times of high mandate
premiums.

How wheat and rice prices follow coarse grain and oilseed prices will depend
on the length of run of analysis, the ability to switch between different products
in consumption, and the competition for land and other inputs. Coarse grains and
oilseeds account for 59 percent of total world crop area, and adding wheat brings
the total to 83 percent. One would expect wheat to be tightly linked to both
corn (and coarse grains in general) and oilseed prices because of both competi-
tion for land and substitutability in demand. But the link between rice and coarse
grain and oilseed prices would be expected to be weaker in the short run,
although more wheat is consumed in some developing countries than rice, so rice
prices are also expected to follow other crop prices to some extent.

What conclusions can we draw from this qualitative empirical analysis? Was
biofuel policy not only the key instigator of grain and oilseed prices, but given the
covariability in grain and oilseed prices, also the major contributor to price levels?
Part of the answer depends on (a) how much the developing-country policy
response that hit the rice market especially hard (plus panic and speculation) was
due to coarse grains and oilseeds tied directly to oil prices that became especially
tight after September 2007, and (b) how much of the wheat market moves were
independent of the coarse grains and oilseeds market and hence of biofuel policy
influence. This controversy will never be completely resolved or a consensus
obtained in the economics profession, but the argument put forward in this
chapter is that biofuel policies were and continue to be a major force affecting
the level, and especially the volatility, of grain and oilseed prices.
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The Role of Sugarcane-Ethanol in Brazil on Grain and Oilseed Prices

Mitchell (2008) argued correctly that sugarcane-ethanol production (and hence
policy) in Brazil—regarded as the lowest-cost producer of ethanol in the world—
had little influence on grain and oilseed prices. But that all changed in mid-2009
when Brazil’s market price of ethanol surpassed that in the United States, and by
mid-2010 Brazil was a major importer of ethanol from the United States. Sugar
prices became linked with grain and oilseed prices for the first time.

Brazil’s ethanol exports peaked at almost 20 percent of its production in the
2008-09 crop year, but net exports have collapsed since.28 The reasons for the
high ethanol prices in Brazil include strong domestic demand for ethanol, world-
record sugar prices, bad weather affecting the sugarcane harvest, revaluation of
the Brazilian currency, and high costs of expanding sugarcane production in the
near term (de Gorter, Drabik, and Just forthcoming). Some argue Brazil’s ethanol
policies are to blame, but the analysis by de Gorter, Drabik, and Just (forthcom-
ing) shows that although removal of all policies will reduce ethanol prices signifi-
cantly, Brazil’s policy changes in recent years had small market effects.2”

High demand and short supply are reflected in the patterns of consumption
over time: gasoline consumption in Brazil increased by 2 billion liters from
2000-01 to 2009-10, but ethanol consumption increased a whopping 24 billion
liters. Since 2009, however, ethanol consumption has declined almost 20 percent.
Recently, about 50 percent of total consumption of gasoline and ethanol in Brazil
has been ethanol, compared with 10 percent in the United States.28 In 2008, U.S.
per capita fuel (gasoline and ethanol combined) consumption was 18 times
larger than that of Brazil. Achieving a 50 percent share of ethanol in the fuel mix
will be difficult if Brazil’s economy continues to grow and investment in ethanol
production is curtailed.

This difficulty is reflected in the trends shown in figures 2.3 and 2.4. After the
2008 financial crisis, Brazil's expansion in sugarcane production has stagnated,

Figure 2.3 Sugarcane Production in Brazil over the Past Decade
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Sources: UNICA (Brazilian Sugarcane Industry Association), http://english.unica.com.br/, and MAPA
(Ministério da Agricultura, Pescudria e Abastecimento), http://www.agricultura.gov.br/.
Note: e = estimate.

Trade Policy and Food Security « http://dx.doi.org/10.1596/978-1-4648-0305-5

53



54

The Role of Biofuel Policies on Grain and Oilseed Prices

Figure 2.4 Evolution of the Number of New Ethanol Production Facilities in
Center-South Brazil
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Source: UNICA (Brazilian Sugarcane Industry Association), http://english.unica.com.br/.
Note: e = estimate.

and investments in new sugarcane processing plants have almost come to a halt.
The industry estimates that, on average, 12.5 plants need to be constructed
between 2014 and 2020 to fill projected ethanol demand (88 new mills by
2020). To maintain world market share in sugar, given sugar’s projected demand
growth, Brazil will need an additional 32 mills by 2020. Sugarcane production
must more than double in this period.

Beginning in 2010, the United States became a significant net exporter of
ethanol and the leading exporter of ethanol, even to Brazil. World ethanol prices
were determined on the margin in the EU and Brazil. The U.S. tax credit acted
as a production subsidy for U.S. ethanol but in the form of higher market prices
for ethanol (de Gorter, Drabik, and Just 2011; Kliauga, de Gorter, and Just 2011).
So the tax credit had a very special effect for 2010 and 2011, after which it
expired.

The various tiers of binary sustainability standards, each with its (extremely
arbitrary) GHG reduction requirement, have introduced a variety of market
distortions and created trade patterns that would not have occurred otherwise.
For example, the United States imports ethanol from and exports it to Brazil,
often using the same ship (called the “Houston shuffle”), because sugarcane-
ethanol is eligible for both the advanced ethanol standard and California’s low-
carbon fuel standard, which command price premiums even though ethanol
from any source is an identical product.?? Since June 2012, Brazil exports corn
to the United States, and it is expected to export soybeans in the near future.

The importance of the EU trade policy, the U.S. tax credit, and the change in
Brazil's market situation is illustrated in figure 2.5. Brazilian and U.S. ethanol
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Figure 2.5 Evolution of U.S. and Brazilian Ethanol Prices since September 2010
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prices followed each other and the U.S. gasoline price until November 2011
when the EU closed the tariff loophole and the U.S. tax credit expired at the end
of December 2011. Both U.S. and Brazilian ethanol prices dove, with the spread
increasing (because the tax credit expired), and broke away from the U.S. gaso-
line price. The connection between ethanol prices in Brazil and the United States
links sugar prices to corn prices. By May 2012, Brazil no longer imported U.S.
ethanol, and prices converged again. Developments after June 2012 are related
to the U.S. drought. But figure 2.5 illustrates how changes in biofuel policies and
their interaction significantly affect grain and oilseed prices. This has been the
story all along since that fateful month of October 2006.

Concluding Remarks

This chapter offers an explanation of the recent surge in world grain and oilseed
prices and its implications for developing countries. Biofuel policies in the
key biofuel-producing economies—the United States, the EU, and Brazil—
have led these unprecedented price increases. We have shown comovement
between ethanol, corn, and other grain and oilseed prices since October 2006.
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We document a large ethanol-to-corn price multiplier: every US$0.01 per gallon
increase in the ethanol price results in about a US$0.04 per bushel increase in
the corn price.

Because the existing U.S. biofuel policies—mandates, tax credits, and ethanol
and corn production subsidies—generate a significant ethanol price premium
over the no-policy ethanol price, this high premium should be reflected in a
considerable rise in corn prices. However, this expected increase is not consistent
with the observed market realities. We argue that discrepancy exists because
some of the ethanol price premium is used just to get ethanol production started;
in other words, we find a significant gap between the ethanol free market price
and the intercept of the ethanol supply curve (termed water in the ethanol price
premium) in each year of the period analyzed period—2008-11. The implication
is that corn prices could have increased even more under a different market
constellation (for example, if oil prices had been higher or the corn price with no
ethanol production was lower).

The magnitude of the ethanol price premium critically depends on which
biofuel policy is binding (that is, a mandate or a tax credit or tax exemption) and
what other policy instruments accompany the binding policy (for example, an
ethanol or corn production subsidy). With a binding mandate, we show that all
other subsidies support the consumption of fuel, most of which is gasoline.
However, the market effects of individual subsidies differ under a binding man-
date. For example, an ethanol production subsidy by itself has no effect on the
ethanol price, and thus the corn price, because under the observed market reality
an ethanol production subsidy by itself has been unable to generate any ethanol
production. Under a binding tax credit, the ethanol production subsidy is found
to increase corn prices by about US$0.51 per bushel but has hardly any effect if
the mandate is binding. In contrast, a corn production subsidy by itself reduces
corn prices by US$0.05 per bushel (if ethanol is not produced) but reduces corn
prices even more if a mandate is binding by US$0.07 per bushel (but has hardly
any effect if the tax credit is binding).

We argue that the biofuel policies’ interactions (especially the mandate versus
the tax credit) critically affect the volatility of grain and oilseed prices because of
oil price or grain supply shocks. For instance, when a tax credit or tax exemption
is binding, the corn price is directly linked to the oil price and any supply and
demand shocks in the grain and oilseed market have no effect unless they cause
the mandate to be binding. Alternatively, when the mandate is binding in the
United States, an increase in oil prices reduces ethanol (and hence corn) prices,
and supply and demand shocks in the crop sector now matter. The effects of
these shocks on prices are exacerbated because corn stocks are lower and the
storage supply curve is steeper. We argue low stocks and steeper storage supply
curves are due to the unexpected effects of biofuel policies. Hence, the econom-
ics of crop price volatility have become increasingly complex, with biofuel policy
playing the central role.

In addition to analyzing the market and interaction effects of biofuel policies
at the national level, focusing mostly on the United States, we have examined
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the cross-country interaction effects of these policies, thus investigating them
from an international trade perspective. We find that long-term OECD biofuel
policies were trade discriminatory, not only because of biofuel and feedstock
production subsidies, but also because the recently expired U.S. ethanol import
tariff effectively shut down long-run investment in lower-cost sugarcane-
ethanol production in Brazil over the past 30 years. Had it not been for the
import tariff, the United States would likely have been importing ethanol, thus
tempering any volatility caused by corn-ethanol links. Fuel market develop-
ments in Brazil along with Brazilian policy also contributed to the price
volatility. After the United States became the biggest ethanol exporter in the
world, sugar prices became directly linked to corn and therefore to other grain
and oilseed prices.

This chapter outlines a framework to identify the magnitude of the subsidy or
support afforded corn and ethanol producers and to analyze market effects of
biofuel mandates and the various subsidies. The gross support afforded U.S.
ethanol and corn producers is found to be very high, but the net support is sub-
stantially lower if one takes into account water in the ethanol price premium.
Nevertheless, the net support exceeds taxpayer cost of the tax credit by a wide
margin, primarily because of an observed price premium above the tax credit. An
overriding issue for monitoring subsidies under the WTO’s ASCM and AoA and
of the OECD’s PSE is what measure should be reported—the gross or net sub-
sidy? Should it be measured with or without other policies in place? The issue
gets more complicated if the ethanol market price is determined outside the
United States. These questions are left open for further research.

The implications of the recent developments in the world energy and agricul-
tural markets for developing countries are many. The sudden and unexpected
imposition of mandates and environmental regulations, along with high oil prices
activating long-standing tax credits and exemptions, caused an unexpected sharp
increase in grain and oilseed prices. Developing countries were unable to take
advantage of their comparative advantage in biofuel production and so were
unable to maximize any direct benefit from OECD countries’ biofuel policies;
for example, expansion in sugarcane production requires larger investments and
more time, unlike for corn-ethanol. Developing countries responded to higher
commodity prices by imposing export taxes or reducing import barriers, thus
exacerbating grain and oilseed price volatility. In a way, the new era of OECD
biofuel policies continues the saga of decades of agricultural policies that
depressed the prices of commodities in which developing countries have a com-
parative advantage and for which agricultural development is so critical in reduc-
ing poverty.

In our view, the ongoing policy discussion should not be about high or low
prices or about a determination of the optimal food price, but rather about where
we came from (low prices distorted by rich countries’ agricultural policies) and
how we arrived here: high prices that were sudden and unplanned results from
rich countries’ biofuel policies such that the welfare of developing countries was
not maximized.
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Notes

1

10.

11.

12.

13.

. As we show later, the ethanol-corn price multiplier is very high: every US$0.01 per

gallon increase in ethanol prices translates into a US$0.04 per bushel increase in corn
prices.

. These studies show that export restrictions and lowering of import barriers increased

rice prices by 40 percent and wheat prices by 20 percent. Abbott (2012) points out
that this is a conservative estimate because it does not account for government market
power or the effects of storage and other policies (for details of the rice market, see
Slayton 2009).

. Mitchell (2008) also emphasizes that biodiesel production in Europe was taking its

toll on wheat stocks in the two years before 2008.

. For a detailed summary of how each price moved in relation to each other, see Rausser

and de Gorter (2012) and de Gorter, Drabik, and Just (2013a, 2013b, forthcoming).

. Our interpretation of events is by no means unanimous among economists. For

example, Zhang and others (2010, p. 445) is one of many papers that question the
central role of biofuels policy: “Results indicate no direct long-run price relations
between fuel and agricultural commodity prices, and limited if any direct short-
run relationships. In terms of short-run price movements, sugar prices are influ-
encing all the other agricultural commodity prices except rice.” Sugar prices
remained flat through 2007-08 whereas grain and oilseed prices went up three
and a half times.

. Another reason wheat and rice prices rose faster than corn prices was that ethanol was

sold at a discount to gasoline in 2008, reducing corn prices compared to their fair
market value (see data in de Gorter, Drabik, and Just 2013a).

. For a detailed theoretical explanation of mandates versus tax credits, see de Gorter

and Just (2009a, 2009b).

. At high oil prices in 2008 (and again in 2011), the ethanol price premium caused by

the mandate fell to zero. The tax credit was binding, and corn and oilseed prices were
firmly locked on to oil prices in these situations.

. “Water” in the tariff means a reduction in the tariff will initially have no impact on

trade. Later in this chapter, we show that there is a lot of water in the ethanol price
premium and other redundancies in the effect of various biofuels and agricultural
policies when combined where “water” refers to the intercept of the ethanol supply
curve exceeding the free market ethanol price.

U.S. biodiesel prices up to mid-2008 and U.S. ethanol prices after early 2010 were
determined on world markets, where U.S. tax credits increased the domestic market
price of biofuels (de Gorter and Drabik 2012a; de Gorter, Drabik, and Just 2011;
de Gorter, Drabik, and Kliauga 2012).

Ethanol prices can be linked to gasoline prices either directly (through a tax credit) or
indirectly (through mandate premiums above the tax credit); in contrast, gasoline
prices are a direct function of oil prices.

Mandates refer to formal mandates, informal mandates caused by environmental regu-
lations, lack of choice in choosing gasoline over ethanol according to miles traveled
because of inadequate flex cars and E-85 stations, or determination of the market
price of ethanol outside the United States.

See the discussion of figure 1 in Drabik (2011) for a complete explanation of water
in the ethanol price premium because of a policy.
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14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

Not all economists agree there is water in the ethanol price premium (for example,
Babcock 2013). Cui and others (2011) calibrate their model to a federal tax credit in
2009 and have no water, estimating a 54 percent increase in corn prices because of
ethanol policy. Drabik (2011) calibrates his model to a mandate premium and deter-
mines water to be US$2.01 per bushel and a net increase in corn prices of US$1.04,
or 39 percent. If no water were assumed, the implied increase in the corn price
because of biofuel policy would be 115 percent.

The net support to corn producers per bushel of corn is the difference between the
observed corn price and the corn price that would occur without biofuels.

The fixed cost of ethanol production in the United States is estimated to be US$0.25
per gallon, whereas in Brazil it is currently as high as US$0.60 per gallon.

Recently, because of high biodiesel prices, ethanol processors are extracting more oil
out of the feed by-product from processed corn and receiving an extra US$0.05—
US$0.07 per gallon, translating into a higher corn price of US$0.20-US$0.35 per
bushel. So interaction effects exist between biofuel policies.

See de Gorter, Drabik, and Just (2013b) for a brief overview of this literature.

Typical studies include Abbott, Hurt, and Tyner (2008) and Baffes and Haniotis
(2010), which conclude biofuels have a small effect and biofuel policy an even smaller
one. See table 1 in both Trostle (2008) and de Gorter and Drabik (2012b) for a sum-
mary of all the factors considered by the perfect storm literature.

See Zilberman and others (2013) and Serra (2012) for surveys of this literature.
A very typical result is in Zhang and others (2009, p. 320): “no long-run relations
among fuel (ethanol, oil and gasoline) prices and agricultural commodity (corn and
soybean) prices.”

For example, crop and oil prices are negatively related when a mandate is binding but
positively related if crop prices are linked directly to oil prices through a tax credit.

Similarly, a US$0.01 per gallon increase in the biodiesel price results in a US$11.00
per metric tonne increase in the soybean oil price (de Gorter, Drabik, and Just 2013a).
The effect of a change in the ethanol price premium because of Brazilian sugarcane-
ethanol policies is very complex and does not reduce to one equation (de Gorter and
others 2013).

See Rausser and de Gorter (2012) and de Gorter, Drabik, and Just (2013a) for a
detailed discussion on how all grain and oilseed prices are highly correlated and follow
each other, regardless of the source of shock.

The difference is the mandate premium over the tax credit. Clearly, a negative man-
date premium would attribute negative influences to perfect storm factors, so we
eliminate these cases.

The average premium caused by the mandate from January 2007 to October 2008
(after the price collapse resulting from the recession) was only US$0.12 per bushel.
In this period, perfect storm factors were basically absent (except for those reflected
in the oil price only). Nothing directly affecting crop supply and demand could have
significantly influenced corn prices in this period.

Kliauga, de Gorter, and Just (2011) show that net benefits of tax exemptions to
Brazilian ethanol producers are much lower than the profession realizes, and de
Gorter, Drabik, and Just (forthcoming) indicate that the anhydrous ethanol tax
exemption and gasoline tax policy hurt the ethanol industry and that under some
market situations, the mandate may be an upper bound on ethanol prices (unlike in
the United States) and hence suppresses them.
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27. These policies include an ethanol blend mandate; ethanol tax exemptions; and
manipulating the gasoline price, the gasoline tax, or both.

28. Note that the impressive share of biofuels in Brazil's transportation mix is muted
somewhat if one takes into account the fact that diesel represents 52 percent of total
transportation fuels in Brazil compared with only 21 percent in the United States (and
both countries have similar biodiesel shares).

29. Meyer, Schmidhuber, and Barreiro-Hurlé (2012) recommend a coordinated “book and
claim” system to eliminate the perverse exchange of physically identical products.
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CHAPTER 3

Price Transmission from World
to Local Grain Markets in
Developing Countries

Why It Matters, How It Works, and
How It Should Be Enhanced

Sergiy Zorya, Stephan von Cramon-Taubadel, Friederike Greb,
Nelissa Jamora, Carolin Mengel, and Nadine Wiirriehausen

Why It Matters

The recently increased volatility of global food prices described in chapter 5
of this book is a matter of great concern in developing countries. Volatile and
unpredictable prices undermine incentives for farmers to respond to high
price levels with the critical increase in production needed to bring food
prices down. This uncertainty keeps food prices high for a longer period,
leading to fundamental food security risks for consumers and governments
(World Bank 2012b).

Does this mean that developing countries would be well advised to separate
from world markets to reduce exposure to this increased price volatility? The
answer is definitely no, for the following reasons:

e Price volatility in many local markets continues to exceed price volatility
observed in international markets, despite the recent increase in the latter.
Many developing countries could use stronger integration with the world and
regional markets to reduce their local price volatility.

e Transmission of international food prices to domestic prices is essential
to pursue comparative-advantage-based, sustainable agricultural production.
International prices are opportunity costs for most price-taking developing
countries and thus are crucial in determining an efficient distribution of
domestic resources. When the long-term trend of international prices is
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transmitted slowly and imperfectly to domestic markets, consumers and pro-
ducers make decisions based on prices that do not represent their real social
costs and benefits. Strong empirical evidence from both developing and
developed countries indicates that any large, sustained deviation of domestic
prices from world prices in either direction leads to substantially suboptimal
food security outcomes and slows the rate of economic growth (Dawe 2009;
Timmer 2004).

e Because international food prices reflect global scarcity or surplus, their trans-
mission to domestic prices can help improve the responsiveness of the global
food system to shocks.

e When local prices are not well correlated with prices on international com-
modity exchanges, basis risk is too high to allow the effective use of hedges
and other price risk instruments to manage the impact of price volatility on
government expenditures, producers, and consumers (World Bank 2012a).

Differentiating between the short and the longer term, some countries with a
large share of food in total imports may need to mitigate excessive price
fluctuations in the short term to protect consumers (through reduction of
import tariffs, emergency food reserves, and safety nets), but in the medium to
longer term, international prices remain the best measure of opportunity costs
to guide economic decisions on allocation, consumption, and distribution. The
most efficient and sustainable response to international food price spikes is per-
mitting domestic prices to rise (to stimulate an efficient supply response) while
increasing assistance to the poor through safety nets. Faster and fuller price
transmission (that is, stronger market integration) is desirable and necessary in
most instances.

How It Works

Not all countries and not all markets within countries are similarly integrated
with world markets. The extent to which international prices are transmitted
to domestic markets depends on many factors, including transport and market-
ing costs, policy measures, local currency valuation, market structure, and
degree of processing of final consumption goods, as summarized in a 2011
joint report by international organizations to the Group of 20 (FAO and
others 2011):

o Transport and other marketing costs, when substantial, cause a rise in world
prices to be underreflected in import parity prices and overreflected in export
parity prices (see box 3.1).

o Policy measures such as export bans, import duties, export taxes, and nontariff
barriers or domestic policies such as price support all influence the extent to
which the price changes in domestic markets mirror those on international
markets.
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Box 3.1 Interplay between Transport Costs and Policy Measures in Price
Transmission in Ethiopia

In Ethiopia, high transport and other marketing costs result in a large gap between export and
import parity prices, which makes private trade profitable only when domestic harvests are
unusually high or low. In 2011, for example, the import of wheat was profitable only when
domestic prices were above US$700 per ton, whereas export was profitable at domestic prices
below US$450 per ton (figure B3.1.1). Changes in international prices within this US$250-per-ton
structural price band would have no effect on countries such as Ethiopia. However, policy mea-
sures, such as import registration and licensing of private traders, and ad hoc public imports,
including government-to-government contracts, can result in a domestic price that far exceeds
the import parity prices, as was the case in 1998, 2006, and 2008-09.

Figure B3.1.1 Domestic Wheat Prices and Export/Import Parity Band in Addis Ababa,
January 1998-October 2011
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Note: Import and export parity figures are calculated using U.S. Hard Red Winter Wheat price (FOB [free on board] Gulf of Mexico) + international
shipping (US$30/ton in December 2008) + domestic handling and transport from Djibouti to Addis (1,350 Birr/ton in December 2008).
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e When the local currency of a country appreciates against the U.S. dollar, food
prices in local currency rise less than they do internationally.

o Market structure is also important. In monopsonistic markets, whether private
or state controlled, higher international prices may not always result in higher
prices for producers or consumers.

o The degree of processing of final consumption goods also affects price transmis-
sion. The higher the cost share of raw production in the final product and the
less the scope for substitution, the more a price change for the raw product
will be transmitted into a price change for the final product.

These and other local factors determine two aspects related to price trans-
mission and cointegration of markets. First, they define the extent of price
transmission, or how much of a change in international prices is transmitted to
local markets. This correlation is often referred to as the long-term elasticity of
price transmission. Second, they determine the speed of transmission, or how
quickly a change in international prices is reflected in local markets. The styl-
ized facts presented below show differences in the long-term elasticities of
price transmission and in the speed of transmission by region and by type
of cereal.

Stylized Facts Pertaining to Recent Cereal Price Transmission

The presentation of stylized facts on cereal price transmission is based on a three-
part approach. First, a nonparametric analysis of agreements and disagreements
in price increases and decreases in local markets compared to international mar-
kets is carried out, using the monthly price data for 77 countries from the Global
Information and Early Warning System (GIEWS) of the Food and Agriculture
Organization (FAO) of the United Nations.! This approach is free of any
assumptions about the functional relationship between domestic and interna-
tional prices, but it produces results that are correspondingly less informative.
Even if domestic and international prices show a tendency to increase and
decrease together, this symmetry does not mean that producers and consumers
on domestic markets are receiving undistorted price signals. The magnitude of
the domestic price changes could be considerably larger (or smaller) on average
than the magnitude of the corresponding international price changes or prices
may not be linked at all. More informative results are derived from an economet-
ric analysis of price transmission. The first source of information is a review of
published reports studying price transmission listed in annex 3A. The second
source is based on our own estimates of long-term elasticity coefficients and
adjustment parameters for a large number of countries, using the vector error
correction model? for the FAO GIEWS price data set.

The analysis focuses on cereals (maize, rice, and wheat), the main food security
staples. Local prices include both wholesale and retail prices, and international
prices are proxied by wholesale prices of (a) maize (U.S. No. 2 Yellow, free on
board [FOB] Gulf of Mexico); (b) rice (5 percent Broken, FOB Bangkok); and
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(c) wheat (U.S. No. 1 Hard Wheat, FOB Gulf of Mexico). Annex 3B shows that
these prices are mostly frequently used as proxies for international prices in the
literature.

Analysis of Price Agreements and Disagreements

Comovement of international and domestic prices for cereals is more frequent
than movement in opposite directions, but the imbalance is not pronounced
and movement in opposite directions occurs often. A slight preponderance of
positive changes occurs in international market prices over the time periods
covered by the GIEWS data; international prices increased in 55 percent of
all months (32 percent + 23 percent in the bottom row of table 3.1) and
decreased in 45 percent of all months. In 58 percent of the months in
which international prices increased, domestic prices increased as well (32 of
55 percentage points). However, domestic prices decreased in only 49 percent
of the months in which international prices decreased (22 of 45 percentage
points). Overall, the agreement between the direction of price changes in
international markets and in domestic markets is quite low, especially when
international prices are falling.

This result holds quite uniformly across regions and products. The only slight
exception is that prices in Europe tend to move in the same direction as interna-
tional prices in a slightly higher proportion of all months (56 percent), whereas
prices in Latin America tend to move in the same direction somewhat less

Table 3.1 The Direction of Monthly Price Movements on Domestic and International
Markets, Agreement and Disagreement, by Region and Cereal

Percent

Agree: Agree: Disagree: Disagree:

Apw<Oand  Apw>0  Apw>0and Apw<Oand  Sum: Sum:

Apd<0 and Mpd>0 Apd<0 Apd>0 agree  disagree
Region
Asia and the Middle East 23 30 21 26 53 47
East Africa 22 31 25 22 53 47
West Africa 21 33 23 22 54 46
Europe 27 29 24 20 56 44
Latin America 19 33 23 26 51 49
Cereal
Maize 20 32 25 23 52 48
White maize 20 34 24 21 54 46
Rice 24 30 22 25 54 46
Wheat 24 30 22 25 53 47
All regions and cereals
Total 22 32 23 23 54 46

Source: Based on Global Information and Early Warning System (GIEWS) price data.
Note: Apw is the change in the international or world price, and Apd is the corresponding change in the domestic price.
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often (51 percent). Although in Europe domestic prices fell in over one-half of
all the cases in which international prices had fallen (in 27 percent of the 47
percent of such cases), this is not the case in Latin America (in 19 percent of the
45 percent of such cases) (table 3.1).

Agreement between the direction of international and domestic prices
becomes more frequent when quarterly rather than monthly price changes are
considered. Focusing on quarterly rather than on monthly price changes elimi-
nates smaller short-run price fluctuations and accounts for possible lags in price
transmission. With quarterly data, the overall share of agreements in the direction
of price changes increases to 56 percent, from 54 percent in table 3.1. Repeating
this analysis with annual data leads to a further increase in the share of agree-
ments in the direction of international and domestic price changes, especially for
Asia and the Middle East and for Europe, as well as for rice and wheat. Yet overall
the results presented here support the findings of generally weak price transmis-
sion that are derived from the econometric analysis presented in the next
subsection.

Cointegration

Not all the changes in domestic prices are due to price transmission from global
markets. Some local markets are not integrated with international markets, and
in such cases, local and regional events drive domestic prices. Typically, such
markets are in countries with large infrastructure deficits or in countries that
pursue insulating policies. Tables 3.2 and 3.3 present information on the
numbers and shares of international-domestic price pairs that are found to be
cointegrated according to the literature sample and the GIEWS estimates,
respectively.

Overall, the literature sample from annex 3A suggests that international
and domestic prices are cointegrated more often than is indicated by our own
estimation with GIEWS data. Of all market pairs for all cereals reported in
the literature sample, 79 percent are cointegrated, compared with 43 percent
in the GIEWS sample (tables 3.2 and 3.3, respectively). The difference
between these results may be caused by a publication bias in the literature
that favors findings of cointegration. The literature sample indicates the low-
est prevalence of cointegration for East and West Africa and Oceania com-
pared with Asia and Pacific and especially Europe, Latin America, and North
America, but this pattern is not confirmed by the GIEWS results. In the lit-
erature sample, the lower prevalence of cointegration for East and West Africa
is primarily because of maize (46 and 58 percent shares of cointegration for
East and West Africa, respectively) rather than rice, for which most African
prices are cointegrated with international prices (83 percent and 73 percent,
respectively), or wheat (for which there are, however, only eight observations
for Africa).

In both the literature and the GIEWS results, evidence of cointegration is less
frequent for maize than for rice. For wheat, the literature indicates that
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Table 3.2 The Prevalence of Cointegration in the Literature Sample

Maize Rice Wheat Total
Numberof ~ Number  Percentage Numberof = Number  Percentage Numberof  Number  Percentage Numberof = Number  Percentage
Region observations cointegrated cointegrated observations cointegrated cointegrated observations cointegrated cointegrated observations cointegrated cointegrated
East Africa 107 49 46 24 20 83 8 5 63 139 74 53
West Africa 12 7 58 26 19 73 0 0 — 38 26 68
Asia and Pacific 25 17 68 93 79 85 28 17 61 146 113 77
Latin America 44 38 86 64 57 89 61 57 93 169 152 90
Europe 4 4 100 7 6 86 20 18 90 31 28 90
North America 0 0 — 1 1 100 122 122 100 123 123 100
Oceania 0 0 — 0 0 — 32 20 63 32 20 63
Total 192 115 60 215 182 85 271 239 88 678 536 79

Source: Based on the literature sample in annex 3A.
Note: Results of cointegration tests are reported in the individual studies in the literature sample. There is no uniform methodology: different authors use different tests and levels of significance; — = not available.
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Table 3.3 The Prevalence of Cointegration in the GIEWS Estimates

Maize Rice Wheat Total
Numberof ~ Number  Percentage Numberof = Number  Percentage Numberof ~ Number  Percentage Numberof  Number Percentage

Region observations cointegrated cointegrated observations cointegrated cointegrated observations cointegrated cointegrated observations cointegrated cointegrated
East Africa 59 21 36 35 22 63 14 8 57 108 51 47
West Africa 43 9 21 81 58 72 6 1 17 130 68 52
Asia and

Pacific 15 2 13 63 18 29 24 3 13 102 23 23
Latin

America 58 22 38 70 39 56 11 2 18 139 63 45
Europe 4 1 25 1 1 100 2 0 0 7 2 29
North

America 0 0 — 0 0 — 0 0 — 0 0 —
Oceania 0 0 — 1 1 100 0 0 — 1 1 100
Total 179 55 31 251 139 55 57 14 25 487 208 43

Source: Based on GIEWS price data.
Note: Cointegration is determined by Johansen Test with 5 percent significance level; — = not available.
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cointegration is relatively frequent (88 percent of all international-domestic
price pairs), whereas the GIEWS results suggest that it is considerably less fre-
quent (25 percent). However, the wheat results in the literature sample are
strongly influenced by a single study that produced more than 100 observations
for North America, all of which indicate that domestic and international prices
are cointegrated.

In the majority of cases in the GIEWS data set, domestic prices adjust to dis-
equilibrium between themselves and the corresponding international prices,
while international prices do not adjust. However, the estimates show that inter-
national prices adjust in 24 percent of all price pairs, almost all of which involve
rice. These exceptions account for roughly 40 percent of all price pairs involving
rice and involve many countries of all sizes. Overall, these results suggest that
international price determination for rice differs fundamentally from that for
wheat and maize. Although we can conclude that most countries are price takers
on wheat and maize markets, the evidence for rice is mixed.

When markets are cointegrated, changes in international prices are transmit-
ted by roughly three-quarters to domestic prices on average. Table 3.4 sum-
marizes the average estimates of the long-run price transmission coefficient
taken from the literature and GIEWS samples by cereal product and region,
respectively. On average, the literature and the GIEWS estimates of elasticity
coefficients are similar (0.74 and 0.76, respectively). However, for all regions
with the exception of West Africa, the GIEWS estimates are on average
roughly 0.2 higher than the literature estimates. The average coefficients are
similar for maize and rice, but the GIEWS average for wheat is much higher
than the corresponding average from the literature sample. These results
change very little if only those product and country combinations are retained
in the comparison for which observations exist in both the GIEWS and the
literature samples.

Table 3.4 Average Estimates of the Long-Run Rice Transmission Coefficients Taken from the
GIEWS and Literature Samples, by Product and Region

Maize Rice Wheat All three cereals

Region GIEWS Literature GIEWS Literature GIEWS Literature GIEWS Literature
Asia and

Middle East 0.77 1.03 0.53 0.60 1.97 1.09 0.87 0.67
East Africa 0.93 0.76 0.87 0.48 0.76 0.65 0.89 0.72
West Africa 0.42 1.74 0.64 0.46 1.27 — 0.60 0.63
Europe 0.82 0.61 0.92 0.54 0.98 0.94 0.88 0.71
Latin America 0.69 — 0.69 0.55 1.14 — 0.73 0.55
North America — — — 1.00 — 0.89 — 0.89
Oceania — — 0.91 — — — 0.91 —
All regions 0.72 0.78 0.66 0.55 1.41 0.89 0.76 0.74

Source: Based on the literature sample and GIEWS price data.
Note: Averages by region and cereal are weighted by the number of observations in each category; GGIEWS = Global
Information and Early Warning System; — = not available.
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Figure 3.1 Estimates of Long-Term Elasticity of Price Transmission by Different
Commodities, 1970-2010
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Source: IMF and World Bank 2011.

Note: The length of the bars denotes the average elasticity of country-specific commodity prices in respect
to international commodity prices; R? denotes the fraction of the variation in country-specific commodity
prices accounted for by movement in international commodity prices. The estimates are based on
regressions of log country-specific commodity prices on log world commodity prices using annual data
over the period 1970-2010.

Domestic agricultural and food prices are less cointegrated with interna-
tional prices than are domestic nonagricultural prices. Figure 3.1 illustrates
that the average extent (elasticity) of price transmission for fuel and metals
is higher than the average price transmission for agricultural and food
products. The estimates of price transmission elasticities for all agricultural
products, including cereals, generated using annual data and presented in
figure 3.1, are slightly lower than for our monthly price data for cereals.
Nevertheless, these results confirm that even when market pairs are cointe-
grated, only a partial share of changes of international prices is typically
passed through to domestic prices. Another conclusion for assessments of
anticipated effect of spikes of international food prices on developing coun-
tries is that the movements of local agricultural and food prices are still
largely determined by local and regional factors listed in the previous section
rather than international prices.

When prices are transmitted, the speed of transmission is found to be rela-
tively slow. The average adjustment parameter estimated using GIEWS data is
slightly larger in magnitude than the average in the literature (-0.11 as opposed
to —0.09), but both indicate a relatively slow rate of price transmission, whereby
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Table 3.5 Average Estimates of the Speed of Adjustment Based on the GIEWS and Literature
Samples, by Product and Region

Maize Rice Wheat All three cereals

Region GIEWS  Literature GIEWS Literature GIEWS Literature GIEWS Literature
Asia and

Middle East  —0.11 0.10 -0.04 -0.14 -0.05 -0.07 -0.05 -0.13
East Africa -0.16 0.02 -0.17 0.37 -0.12 -0.25 -0.16 0.06
West Africa -0.14 -0.10 -0.13 -0.16 -0.18 — -0.14 -0.16
Europe -0.10 -0.09 -0.04 -0.15 -0.10 -0.08 -0.09 -0.11
Latin America -0.14 — -0.09 -0.36 -0.07 -0.10 -0.11 -0.26
North America — — — — — -0.14 — -0.14
Oceania — — -0.10 — — —-0.08 -0.10 —-0.08
All regions -0.13 -0.02 -0.10 -0.09 -0.10 -0.12 -0.11 -0.09

Source: Based on the literature sample and GIEWS price data.
Note: Averages by region and cereal are weighted by the number of observations in each category. The expected sign of the
adjustment parameter is negative; GIEWS = Global Information and Early Warning System; — = not available.

Table 3.6 Median Price Transmission Parameters Estimated with GIEWS Data, before and
after July 2007

Maize Rice Wheat
Long-run Speed of Long-run Speed of Long-run Speed of
Time period elasticity  adjustment  elasticity — adjustment  elasticity  adjustment
Before July 2007 0.438 -0.216 0.547 —-0.201 0.576 —-0.683
After July 2007 0.103 -0.308 0.705 -0.140 1.013 -0.212

Source: Based on GIEWS price data. The expected sign of the adjustment parameter is negative.
Note: Estimates are made only for international-domestic price pairs that are cointegrated.

roughly 10 percent of any deviation from the long-run equilibrium relationship
between international and domestic prices is corrected in the course of one
month (table 3.5). This finding implies that between six and seven months are
necessary to correct one-half of any disequilibrium that emerges because of
unexpected price movements on international or domestic markets.

The recent spikes of international food prices may have changed the relation-
ship between domestic and international prices, but the period after 2007 is still
too short for any strong conclusion to be drawn. Table 3.6 contrasts median
estimates of the coefficients of price transmission on cereal markets before and
after the onset of the recent phase of price peaks and increased price volatility in
mid-2007. No clear pattern emerges. On maize markets, the long-run transmis-
sion coefficients have fallen considerably since mid-2007, from 0.438 to 0.103,
but they increased for rice, from 0.547 to 0.705, and for wheat, from 0.576 to
1.013. At the same time, however, the short-run adjustment coefficients have
fallen, from 0.201 to 0.140 for rice and from 0.683 to 0.212 for wheat.
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Table 3.7 Estimated Meta-Regression Coefficients

Literature GIEWS entire period

Long-run Speed of Long-run Speed of
Covariate elasticity adjustment elasticity adjustment
Intercept 4.834%* 0.720%* 0.725 —-0.262*
Maize 0.187 0.035 0.057 —0.069**
Wheat 0.218 0.139%* 0.146 0.034
East Africa —0.298 0.446%** -0.017 —-0.033
West Africa 0.790* 0.087 —0.008 —0.031
Europe — — 0.393 0.078
Latin America —0.460* —0.130%* 0.142 -0.015
Trade openness 0.005 0.001 0.001 0.000
Net importer 0.666** 0.021 -0.160 0.053
State trade enterprises -0.117 —-0.060 0.141 —-0.023
Retail —0.268 —-0.084 0.004 —-0.020
Ease of trade —6.490* —1.498** 0.433 0.118
Logistics -0.125 0.037 —0.282 0.038
Landlocked —0.865 —0.7171%** 0.156 0.008
R 0.538 0.435 0.032 0.101

Source: Based on the literature sample and GIEWS price data.

Note: GIEWS results are based on estimates only from cointegrated international—domestic price pairs. Meta-regression with
literature data are estimated using the Heckman two-step procedure; — = not available.

Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.

This suggests that price transmission has become more complete but slower
since mid-2007 for rice and wheat and less complete but more rapid for maize.

Our efforts to identify a typology of factors that determines the extent and
speed of price transmission using the available data sets have been unsuccess-
ful so far. As discussed in the previous section, price transmission may be
affected by transport and marketing costs, policy measures, local currency
valuation, market structure, and the degree of processing of final consumption
goods, but being able to isolate and quantify the specific effects of individual
factors would be useful. Table 3.7, however, illustrates that meta-regressions
based on the literature or GIEWS data sets do not produce a clear picture. The
analysis of the literature sample indicates that price transmission is more com-
plete in West Africa and in large net importing countries overall, less complete
in Latin America, and, interestingly, less complete in countries with greater
ease of trade. The analysis of the GIEWS sample shows only that maize price
changes are passed through to domestic prices faster than rice and wheat price
changes.

Because the cross-sectional analysis of many country-product pairs does not
produce robust, broad conclusions, we conclude that understanding the role of
various factors in price transmission requires more in-depth country-level
analysis. The analysis of maize price transmission between South Africa and
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Table 3.8 The Effect of Distance and Border on Combined Rates of Adjustment
for Market Pairs in Kenya, Tanzania, and Uganda: Regression Results

Variable Coefficient Standard error t-statistic p-value
Constant 54.20 8.49 6.38 0.000
Distance (100 km) -6.33 2.75 -2.29 0.028
(Distance)’ 0.35 0.19 1.85 0.073
Dyairan 30.55 5.87 521 0.000
-26.45 8.67 -3.05 0.004

Border to Tanzania

Source: World Bank 2009.
Note: n = 39, R = 0.500, and adjusted R* = 0.441. The dependent variable is the combined rate of adjustment;
D = distance; km = kilometer.

Zambia, for example, shows the importance of the role of government in trade
(Myers and Jayne 2011). When the government of Zambia is heavily involved
in maize imports, usually during the periods of large production shortfalls, no
price transmission takes place. But strong market integration occurs during the
periods of low imports when the private sector, not the government, is
importing.

The effect of export bans and country-specific factors on price transmission
can also be captured by more targeted analysis. A case in point is the maize
markets in Kenya, Tanzania, and Uganda, all members of the East African
Community (table 3.8). Analysis shows that although maize prices in these
countries are not integrated with international maize prices, they do affect each
other (World Bank 2009). Kenya and Uganda, both individually and together,
represent a relatively integrated common market, with comparatively high
long-run elasticities of price transmission and adjustment parameters correcting
deviations from long-run equilibrium levels. Although some evidence exists of
integration within Tanzania and between Tanzania and Kenya, price transmis-
sion involving Tanzania is for the most part considerably weaker and slower
than in the rest of the region. Table 3.8 shows that on average the speed of
price transmission is 26.45 percent slower for market pairs that involve
Tanzania. This finding is explained in part by Tanzania’s size and the market
links of the Southern Highlands, which is the main surplus area, with southern
neighbors (distance), but it is also a result of export bans in Tanzania.

What Can Be Done to Enhance Food Price Transmission?

The empirical analysis presented above suggests a low average level of price
transmission for cereals. This result raises questions of what can be done and why,
which are answered as follows. The quantitative analysis presented in the previ-
ous section is not able to identify concrete common factors that determine the
extent and speed of price transmission. Thus, a country-specific, in-depth analysis
would be required to identify concrete reasons for slow price transmission and
actions for removing barriers at the country level. Yet the qualitative evidence
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suggests the following actions that could help strengthen price transmission for
the majority of countries.

First, countries should invest in domestic market infrastructure and align
their policies to better integrate domestic and international markets. Even in
the current more volatile price environment, many countries would benefit
from a stronger integration with international markets: (a), to import lower
volatility onto their domestic markets and, (b), to ensure that supply and
demand decisions are guided by opportunity costs. Investment in market infra-
structure (ports, roads, and so forth), along with more market-based trade poli-
cies and domestic competition reforms, are essential to enhance price
transmission. At times of price spikes, instead of introducing export bans,
countries should target their cash and food transfer programs to the poorest
(through safety nets) and permit prices to be transmitted to domestic markets
to induce timely supply responses and to ensure that consumption adjusts to
opportunity costs. Promotion of crop diversification, thereby making more
diverse food available for consumption, is another way to strengthen resilience
to volatility.

Second, policy makers should pursue open trade policies to regain the trust
of countries in international markets. Irrespective of the extent of price trans-
mission in the short term, recent volatility has been so dramatic that many
governments have reverted to isolationist policies. Such policies have already
influenced many national agricultural investment plans, moving them in the
direction of a bias toward food self-sufficiency objectives. This strategy may
lead to further price volatility. Countries pursuing food self-sufficiency policies
need (a) to shift away from price support to less distortive types of farm sup-
port, (b) to reduce spillover effects on international markets, and (c) to pro-
mote sustainable growth. More discipline in trade policy, particularly on
limiting the use of export restrictions, is necessary to reduce incentives for
beggar-thy-neighbor policies and increase the reliability of international sup-
plies for food-importing countries.

Third, countries should strengthen their safety nets, using them effectively
to focus on the poor and vulnerable to mitigate the effect of price spikes,
while allowing domestic prices to rise to induce a food supply response.
Untargeted support often leads to large amounts of scarce public resources
flowing to higher-income consumers. Targeting support programs to the poor
and vulnerable is therefore essential to provide social protection without
jeopardizing fiscal sustainability. Support can be provided by giving condi-
tional and unconditional cash or food transfers, offering short-term employ-
ment, and discouraging negative mechanisms for coping with the setbacks
caused by a food price crisis. Investing in safety nets before a crisis allows their
rapid and cost-efficient scale-up. Even relatively small-scale programs may
provide the administrative infrastructure, including rules of operation and
eligibility that can be adapted to a major crisis without costly implementation
bottlenecks.
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Annex 3A: Literature Review
Table 3A.1 Studies Included in the Literature Review
Author(s) and year Type of Number of
published Title Institution or publication  publication —market pairs
Baquedano, Liefert, “World Market Integration for Exportand  Agricultural Economics Journal 4
and Shapouri Food Crops in Developing Countries:
2011 A Case Study for Mali and Nicaragua”
Djuric, Gotz, and “Effects of the Governmental Market IAMO Conference 2
Glauben 2011 Interventions on the Wheat Market
in Serbia during the Food Crisis
2007/2008"
Ghoshray 2011 “Underlying Trends and International Asian Development Bank Report 10
Price Transmission of Agricultural
Commodities”
Gilbert 2011 “Grains Price Pass-Through, 2005-09" FAO Book 10
Minot 2011 “Transmission of World Food Price IFPRI Report 58
Changes to Markets in Sub-Saharan
Africa”
Myers and Jayne “Multiple-Regime Spatial Price American Journal of Journal 3
2011 Transmission with an Application to Agricultural Economics
Maize Markets in Southern Africa”
Aldaz-Carroll, Boom, Bust and Up Again? Evolution, World Bank Book 2
Varela, and Drivers and Impact of Commodity Prices:
lacovone 2010 Implications for Indonesia
Goetz, Glauben, “How Did Policy Interventions in Wheat German Association Conference 10
and Brummer Export Markets in Russia and Ukraine of Agricultural
2010 during the Food Crisis 2007/2008 Economists
Influence World Market Price
Transmission?”
Roblesand Torero ~ “Understanding the Impact of High Food ~ Economia Journal 4
2010 Prices in Latin America”
Araujo-Enciso 2009  “Evidence of Non-linear Price Transmission University of Géttingen ~ Conference 18
between Maize Markets in Mexico and
the US”
Bamuturaki 2009 “World Market Integration and Price University of Hohenheim  Thesis 2
Transmission in Selected Markets in
Tanzania”
Dutoit, Hernandez-  “Price Transmission in Latin American United Nations Economic Report 46
Villafuerte, and Maize and Rice Markets” Commission for Latin
Urrutia 2009 America and the
Caribbean, University
of Gottingen
Rapsomanikis, The 2007-2008 Food Price Episode: Impact ~ FAO Book 42
Hallam, and and Policies in Eastern and Southern
Conforti 2009 Africa
World Bank 2009 “Eastern Africa: A Study of the Regional Eastern African Grain Report 12
Maize Market and Marketing Costs” Council, University of
Gottingen, World Bank
Cudjoe, Breisinger,  “Local Impacts of a Global Crisis: Food IFPRI Report 2

and Diao 2008

Price Transmission and Poverty Impacts
in Ghana”
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Table 3A.1 Studies Included in the Literature Review (continued)

Author(s) and year Type of Number of
published Title Institution or publication  publication — market pairs
Ghoshray 2008 “Asymmetric Adjustment of Rice Export International Journal of ~ Journal 5
Prices: The Case of Thailand and Applied Economics
Vietnam”
Imai, Gaiha, and “Transmission of World Commaodity Prices  Brooks World Poverty Report 12
Thapa 2008 to Domestic Commodity Prices in India Institute
and China”
Listorti and Esposti  “Making the World Market Price Universita Politecnica Conference 1
2008 Endogenous within AGMEMOD delle Marche
Modeling Framework: An Econometric
Solution”
Warr 2008 “The Transmission of Import Prices to Applied Economics Letters  Journal 3
Domestic Prices: An Application to
Indonesia”
Myint 2007 “Myanmar Rice Market: Market Integration  Yezin Agricultural Thesis 2
and Price Causality” University
Reddy 2006 “Commodity Market Integration: Case of ~ Centre for Studies in Report 18
Asian Rice Markets” International Relations
and Development
Thomas 2006 Trade Reforms and Food Security: Country ~ FAO Book 18
Case Studies and Synthesis
Yavapolkul, “Post-Uruguay Round Price Linkages Agricultural Economics Journal 4
Gopinath, and between Developed and Developing
Gulati 2006 Countries: The Case of Rice and Wheat
Markets”
Conforti 2004 “Price Transmission in Selected FAO Report 134
Agricultural Markets”
Sagidova 2004 “Price Transmission in Grain Market: Case  National University of Thesis 4
of Ukraine” Kyiv-Mohyla Academy
Baffes and Gardner “The Transmission of World Commodity Journal of Economic Journal 44
2003 Prices to Domestic Markets under Policy Reform
Policy Reforms in Developing
Countries”
Hai 2003 “Rice Markets in the Mekong River Delta, ~ Centre for ASEAN Studies  Report 1
Vietnam: A Market Integration Analysis”
Rapsomanikis, “Market Integration and Price FAO Book 3
Hallam, and Transmission in Selected Food and
Conforti 2003 Cash Crop Markets of Developing
Countries: Review and Applications”
Sharma 2003 “The Transmission of World Price Signals: ~ Organisation Book 16
The Concept, Issues, and Some for Economic
Evidence from Asian Cereal Markets” Co-operation and
Development
Ghoshray 2002 “Asymmetric Price Adjustment and the Journal of Agricultural Journal 180
World Wheat Market” Economics
Mohanty, Smith, “Time Series Evidence of Relationships lowa State University Report 8

and Peterson
1996

between U.S. and Canadian Wheat
Prices”

Note: FAO = Food and Agriculture Organization of the United Nations; IAMO = Leibniz-Institut fir Agrarentwicklung in Mittel und Osteuropa;
IFPRI = International Food Policy Research Institute.
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Annex 3B: Prevalence of Different International Prices in the Literature

Figure 3B.1 The Prevalence of Different International Maize Prices in the Literature Sample
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FOB Johannesburg
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Source: Based on calculations with literature sample.
Note: FOB = free on board.
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Figure 3B.2 The Prevalence of Different International Rice Prices in the Literature Sample
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Figure 3B.3 The Prevalence of Different International Wheat Prices in the Literature Sample
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Notes

1. The FAO GIEWS food price data set was established in 2009 as part of the FAO
Initiative on Soaring Food Prices. The prices reported in GIEWS are collected from
national official sources and nonofficial institutions. The GIEWS price series are
monthly, and most run through to the end of 2011; some start as early as 1995, others
as late as 2008. There are in total 57 domestic prices for wheat, 262 domestic prices
for rice, and 180 domestic prices for maize. We impose a minimum length of
10 observations for a time series to be considered in our analysis and analyze price
transmission between domestic prices and those international prices presented in this
chapter. We are grateful to David Hallam from FAO for providing us with these data
in electronic form.

2. Although many methods exist for estimating price transmission, the use of a compara-
tively simple vector error correction model permits an automated analysis of a large
number of domestic—international price pairs. See the brief description of various
models, including their pros and cons, and the rationale for using the vector error cor-
rection model in Greb and others (2012).
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CHAPTER 4

Trade Policy Responses to High
and Volatile Food Prices

lan Gillson and Christina Busch

Introduction

Following three decades of decline, world food prices have spiked three times
in the past five years. Poor net food consumers, especially those living in urban
areas of developing countries, have been the hardest hit by high food prices and
increased volatility. Yet there is no global food shortage: the problem is local, or
sometimes regional, and involves moving food, often across borders, from surplus
production areas to deficit ones. Increased trade in food, therefore, would be an
excellent buffer for domestic fluctuations in food supply because world output
of a given food commodity is far less variable than output in individual countries.
Thus, increased trade integration holds considerable potential to stabilize food
prices, boost returns to farmers, and reduce consumer prices in developing
countries.

Trade liberalization protects national food markets against domestic supply
shocks by allowing more food to be imported in times of shortage and exported
in periods of plenty. However, most countries have taken the opposite approach
by restricting imports of food and discouraging exports in often failed attempts
to keep domestic markets isolated from world prices. A country that is a natural
exporter should not hinder its comparative advantage with export bans, and a
country that tends to import food should allow its domestic market to remain
linked to the world market. Food security therefore requires encouraging more
trade, including through a more open, rules-based multilateral trade regime—
best achieved by concluding the Doha Round of World Trade Organization
(WTO) negotiations and supported by further work toward developing new
disciplines on export restrictions.

Efforts to extend trade integration to developing countries should also
focus on promoting more effective regional integration among them, includ-
ing for food products. Facilitating food trade is also important through
increased use of Aid for Trade to support reforms to logistics and promote
frictionless borders.
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Trade in Food

Global production of cereals has almost tripled in the past 50 years, outpacing
the twofold rise in world population. Yet over a billion people in the world
remain hungry. Cereals form the staple diet of poor people and are their main
imported food item. In 2012, 40 percent of least developed country (LDC)
imports of food were cereals. Increasing consumption of vegetables and meat is
indicative of growing incomes, and these items typically account for half of the
food imports by developed countries.

Wheat, maize, and rice account for the majority of trade in cereals; maize and
other coarse grains are not only consumed by humans, but also used as animal
feed in meat production and for the manufacture of biofuels. Most cereal pro-
duction is for domestic consumption (figure 4.1), with just 10 percent of world
production traded globally. During the past decade, only 20 percent of all wheat
produced globally was traded, and rice trade accounted for only 6 percent of
global rice production (Kshirsagar and Baffes 2011). In these markets, therefore,
any shocks to demand and supply have the potential to create significant instabil-
ity in prices, at least for the portion of the goods that are traded. In 2012, adverse
weather drove world maize prices to all-time highs and world wheat prices up
50 percent (World Bank 2012). Poorly integrated markets exacerbated the
problem when price signals failed to induce supply responses by producers.

In value terms, approximately two-thirds of world food exports go to devel-
oped countries and just under one-third to middle-income countries. LDCs are
insignificant in world food trade: their share is just 1 percent. However, food
trade forms a higher share of the total trade basket of developing countries
compared to developed countries (figure 4.2; FAO 2010). Compared to other

Figure 4.1 Most Cereal Production Is Consumed Domestically and Not Traded

a. Wheat, by global share
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figure continues next page
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Figure 4.1 Most Cereal Production Is Consumed Domestically and Not Traded
(continued)

b. Rice, by global share
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Figure 4.2 Food Trade Matters Most for Low-Income Countries
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Figure 4.2 Food Trade Matters Most for Low-Income Countries (continued)

b. Food imports, by country income group
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Sources: World Bank Development Data Platform, http://data.worldbank.org/; Comtrade Database,
United Nations, http://comtrade.un.org.

parts of the world, Sub-Saharan Africa has some of the highest shares of food
imports in total imports. Although not all developing countries depend on food
imports, how food is moved within and across borders has clear implications
for poor farmers and consumers, who spend a large share of their household
income on food.

Markets in key cereals are often dominated by just a few players (figure 4.3).
Exports of wheat come mainly from developed countries, while those of rice
come from developing ones. In the case of wheat, over 62 percent is exported
by the United States, the European Union (EU), Canada, and Australia—all
countries with highly protected agricultural sectors. Exports of rice are domi-
nated by South and East Asian economies, but only 6-7 percent of global pro-
duction is traded. Market concentration in cereals has reduced over time, with
an increasingly diversified export base, though the United States continues to
dominate trade in maize (Kshirsagar and Baffes 2011). Import markets are, and
have historically been, less concentrated than export markets (Kshirsagar and
Baffes 2011).

Trade policy actions by exporting and importing countries can have indirect
effects in food markets, often related to food commodity prices. For example,
an export restriction on rice exports, even if it does not directly influence the
world price, can still lead to market behavior that indirectly affects the world
price. This circumstance happened in 2008 when a new export restriction in
India prompted other rice exporters to impose restrictions of their own. Wheat,
rice, and maize prices share a positive correlation—price changes as a result of
temporary production or export disruptions can affect the price of substitute
products (Ivanic, Martin, and Zaman 2011).
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Figure 4.3 Trade in Key Cereals Is Dominated by Just a Few Countries
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Figure 4.3 Trade in Key Cereals Is Dominated by Just a Few Countries (continued)
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Sources: U.S. Department of Agriculture, 2006-10 averages; Kshirsagar and Baffes 2011.

Note: EU-27 = Austria, Belgium, Bulgaria, Cyprus, the Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Poland, Portugal, Romania, the Slovak Republic, Slovenia, Spain, Sweden, and the
United Kingdom.

a. Coarse grains are those used as feed (maize, millet, sorghum, and barley).

Higher World Food Prices and Their Trade Effects

Food prices remain at historically high levels (figure 4.4), contributing to differ-
ing terms-of-trade effects across developing countries as well as distributional
effects within them.

The effect of global food inflation on external balances, growth, and welfare
critically depends on the terms-of-trade effects of higher food prices. The
increase in world food prices implies terms-of-trade gains for net exporting coun-
tries of food products and losses as food deficits for net importing countries
(figure 4.5). For example, net food importers in the Horn of Africa, such as
Ethiopia, Kenya, and Somalia, currently face droughts, famines, and humanitarian
emergencies affecting more than 13 million people, as well as soaring domestic
food prices (between 30 and 240 percent for red sorghum and maize in the case
of Somalia). Tanzania and Uganda, in contrast, have benefited from the higher
prices because they remain net exporters (mostly for maize).

However, differences in aggregate food trade balances can also be deceptive
and conceal large variations at the product level (Canuto 2011). In the Andean
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Figure 4.4 Recent Food Price Spikes
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b. Food commodity price indexes, 2012-13
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Figure 4.5 Net Food-Importing Regions Lose from Higher Food Prices and Vice Versa
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Source: World Bank, http://data.worldbank.org/.
Note: Terms-of-trade changes in food trade, by developing region, year-on-year change as a share of gross domestic
product (GDP).

region, for example, Bolivia, Colombia, Ecuador, and Peru are all net food export-
ers, but they do not export the same food commodities. Bolivia is the only net
exporter of cereals and vegetable oils, the prices of which have spiked. In the other
three countries, however, coffee and bananas drive the net exporting positions.
Moreover, increases in global prices do not always translate into equivalent
food price increases in domestic markets. Rather, a variety of other factors helps
explain stark differences in domestic price fluctuations across countries even
when world food prices decline or remain unchanged. These factors include
changes in the value of the dollar (commodity prices are frequently expressed
in dollars); local transport costs (often arising from inadequate competition in
road transport markets); market distortions and price controls set by govern-
ments; the persistence of trade barriers; and good harvests in some developing
countries despite bad ones in a number of the largest grain-exporting economies
(for example, good maize, sorghum, millet, and cassava harvests in some African
countries, which have allowed for substitution of imported wheat and rice).

Trade Policy Responses

Given that the trade effects of higher food prices vary depending on whether a
country is a net importer or a net exporter of food, the trade policy responses
have been mixed. Generally, however, the trade policy environment has not
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changed in favor of food security over the past several years. According to surveys
by the International Trade Centre, nontariff measures (NTMs) affect trade in
agricultural products more than trade in manufactured products.

For a number of staple food commodities, many governments intervene in
their food markets, including through the use of various export and import
restrictions, in attempts to reduce the volatility of domestic prices relative to
world prices. In developing countries, this approach often reflects the sensi-
tivity of governments to volatile prices for important staples, either to protect
consumers against low prices or to maintain higher domestic prices for
producers. Although such measures may be second-best complements to
storage policies for small and open developing countries concerned about the
adverse effects of high prices for staple foods (Gouel and Jean 2012), trade
restrictions are not a cooperative way to address price volatility and can even
exacerbate the problem.

Trade restrictions have both direct and indirect effects on world food prices.
Trade-distorting policies displace and reduce the efficiency of agricultural pro-
duction globally and make it less resilient to exogenous shocks. Policies that dis-
tort production and trade in food commodities also potentially impede the
achievement of long-run food security by promoting production in areas where
it would otherwise not occur and by obscuring the transmission of price signals
to efficient producers elsewhere. Furthermore, a collective action problem may
emerge. Countries that simultaneously insulate their domestic markets against
global price shocks through restrictive trade measures may well create higher
volatility for global food prices (Martin and Anderson 2011).

Traditionally, the trade policies of developed countries have been responsible
for pushing down the world prices of agricultural products, including those
exported by developing countries. Tariffs on food trade are highest for middle-
income and high-income countries, averaging 22 percent (Boumellassa, Laborde,
and Mitaritonna 2009). In developed countries, agricultural protection indeed
remains high, but it has declined from its peak level during the 1980s. Over the
past two decades, there has been a shift in the use of agricultural protection by
developing countries, with increases in protection on import-competing goods
despite reductions in export taxes. Although lowering global protection can be
expected to raise demand and therefore increase world food prices by a relatively
small degree, global trade liberalization is likely to lower prices faced by consum-
ers in developing countries; the rise in world prices would then be offset by
reductions in domestic ones.

Cooperative options to lowering domestic food prices therefore include
permanently reducing import tariffs and other taxes on key staples and agricul-
tural inputs. Instead, countries often tactically lower import barriers on food
temporarily during periods of domestic food scarcity only to reimpose them later
when yields have improved, again exacerbating world price volatility. In regions
such as the Middle East and North Africa, congestion within the supply chain
and ports can result when traders hoard in expectation of a rise in tariffs (World
Bank and FAO 2012). “Water” in the tariff (the difference between bound and
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applied rates) can leave significant room for countries to raise their applied tariffs
on food imports, also compounding world price volatility.

Other trade measures such as export restrictions and NTMs, including
domestic policies such as price support, also influence the extent to which
price changes in domestic markets reflect world prices. The WTO reports that
the incidence of trade restrictions has been on the rise since May 2012.
Protection measures by the Group of Twenty (G-20) countries—the main
users of trade restrictions—now account for nearly 4 percent of world mer-
chandise imports, with over 1,000 trade restrictive measures introduced
between September 2008 and November 2013 (WTO 2013). NTMs, espe-
cially quantitative import restrictions, have been a prominent instrument in the
trade policy portfolios of many countries during that time (Datt, Hoekman,
and Malouche 2011; Malouche, Reyes, and Fouad 2013), and the increased use
of export restrictions for agricultural products is at least partially attributable
to higher world food prices. Since September 2008, G-20 countries have been
slightly more active users of trade restrictions on food products, which have
been applied most frequently to trade in meat, livestock, and grains. Trade rem-
edy measures are among the most frequently used restrictions on food products
(figure 4.6).

Direct subsidies to farmers in developed countries remain a major source of
support, but pose disadvantages to producers in other countries and distort world

Figure 4.6 The Most Frequent Users of Trade Restrictive Measures on Food
Products Are G-20 Countries

a. Food products facing new trade restrictions,
September 2008 through July 2014
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Figure 4.6 The Most Frequent Users of Trade Restrictive Measures on Food Products
Are G-20 Countries (continued)

b. Types of new trade restrictions on food products,
September 2008 through July 2014
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Source: Global Trade Alert, http://www.globaltradealert.org/.
Note: Total restrictions = 383; n.e.s. = not elsewhere specified; SPS = sanitary and phytosanitary (measures);
TBT = technical barriers to trade; trade remedies = antidumping, countervailing duties, and safeguards.

trade. Producer Support Estimates (PSEs), produced by the Organisation for
Economic Co-operation and Development (OECD), provide a measure of the
extent to which farmers in developed countries are being assisted over time by
their governments through various payments and price support policies. PSE
expresses the monetary value of policy transfers from consumers and taxpayers
to producers and can also be expressed as a percentage (%PSE) of gross farm
receipts.l Although support to producers in developed countries has risen from
approximately US$240 billion in the mid-1980s to US$258 billion in 2012, the
support as a percentage of gross farm receipts has dropped from nearly
40 percent to under 20 percent over the same period (OECD 2013). This drop
is due to high world prices (figure 4.7). For OECD countries, rice, sugar, milk,
and livestock receive the highest level of support through price protection poli-
cies and payments based on output, although large declines in price support in
recent years have been associated with high world prices for these products.
Milk, sugar, and rice also feature prominently among the commodities receiving
specific support in emerging economies.

Less data are available for non-OECD countries, but data available for some
emerging markets show increasing support in the Russian Federation and espe-
cially China, which has nearly average %PSE levels (figure 4.8).
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Figure 4.7 Support by Developed OECD Countries to Agricultural Producers, 1996-2010

a. Developed country OECD members
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