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1. INTRODUCTION AND OBJECTIVE OF THE STUDY

1.1 Introduction to a controversial question: Does biofiel production link food to

crude olil prices?

Food prices — particularly prices of agriculturalmamodities used as a feedstock for
biofuel production — reached record highs in 20088hin a period of slightly more than
two years prices for staple food such as corn, sdwat, and vegetable oils have more
than doubled (International Monetary Fund (2008a},).

Development of selected agricultural prices 200680
according to the International Monetary Fund

Price
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|. Development of agricultural prices 2005-2008

Source: International Monetary Fund, 2008, p. 1n diustration

This price acceleration has occurred at a timeunfisg crude oil prices and a rapid
expansion of biofuel production, which relies mgioh feedstock from food crops (UN
Energy Department (2007), p. 31-35). Consequetiteymarket development has triggered
a controversial debate on the question whetheintrease of agricultural prices in line



with crude oil prices is a mere coincidence, dusttek market speculation, or result of a

lasting integration of the agricultural and the rgryesector.

The debate has a strong impact on the global peocepf biofuels. Once considered as a
major chance for developing countries, biofuelsewvat the heart of policy agendas in
2005/2006. Studies and reports published by intemmal institutions like the World Bank,
the United Nations, or the EU Commission accentuadeifold advantages of the locally
produced fuels. The main risk of biofuels highligghtin these studies is the need for
ongoing subsidies to the industry. Environmentéa$ and negative impacts on food
security are also mentioned, yet not the main foonusost of these reports (Kojima and
Johnson (2005), p. 17ff; Dufey (2007), p. 1; CoglB005), p. 7ff; European Commission
(2006a), p. 6-7; European Commission (2006b), p330UN Energy Department (2007),
p. 31-35).

In the light of escalating food prices, the negatimpacts on food markets have become
the focal point of many research studies on bigfuS8lome papers published by large
international institutions, such as an OECD study tlates back to September 2007, even
openly address the question whether biofuel progranght be worse than any disease
they are supposed to cure (Doornbosch and Steef@il(X7), p. 5ff; Sachs (2007), p. 5-7;
Zilberman and Rajagopal (2007), p. 51f).

A potential integration of crude oil and food maskeés assumed to increase the level as
well as the volatility of food prices and thus #ien food security, which is defined as the
ability of individual households to sustain an adsg level of calories. In most cases
undernourishment does not result from a lack oflalvie food — but from a lack of income
to buy it. High and volatile food prices reduce thbility of net-food-purchasers in
developing countries to prevent under nourishmdiipbas et al. (2006), p. 53). The
effect of biofuel production on food prices is thf@re of high importance to policy makers
around the globe. The issue has been analysedriopsainiversities and institutions — yet
the results of their analyses strongly divergeussmsarized in the following paragraphs.



1.1.1 The controversy over the current impact of biofuelproduction on food prices

Among the advocates of the hypothesis that thentefm®d price increase is driven by
various effects and not mainly due to biofuel prichn are the authors of a joint report
published by the OECD and the Food and Agriculdrganisation of the United Nations
(FAO). The two institutions find that the obseryatice changes for agricultural products

are mainly due to

. weather-related shortfalls in production,
. low stocks,
. and an increase in demand

According to the report the increase in demandaficultural products has been caused
by a confluence of factors such as economic groashexpansion of meat consumption
and the conversion of agricultural feedstock intbaeol and biodiesel. Consequently,
biofuel production is seen ase factor contributing to the price surge — yet ried most

important one. The report illustrates the impactvehther effects and biofuel production

by describing their respective impacts on cereaketa:

“For cereals, weather-related shortfalls in prodiat have occurred in a number of
producing countries most notably in Australia, wdgroduction fell by more than 50
percent. In a global context of low global cereébcks in recent years, these lower
supplies have been a strong factor underpinningladvprices. Reduced global stocks and
production are confronted with stronger than expdctiemand for cereals for biofuel
production (...). It is noteworthy, however, that tembined cereal supply shortfall in
North America, Europe and Australia in 2006 of 088rMt was nearly four times larger
than the 17 Mt increase in cereal use for ethandhiese countries.”

(OECD-FAO (2007), p. 28)

Supporting the results of the joint OECD-FAO anilya report published by the German
Federal Ministry of Finance also states that theekgcation in agricultural commodity
prices has been due to a combination of factoré sscincreasing demand for dairy
products and meat in traditionally rice consumiongrdries, failure of crops, reduction of

stock levels, and rising transport prices. Biofual® seen as an additional factor



contributing to the upward trend in an already tigpbmmodity market (German Federal
Ministry of Finance (2007), p. 79-80).

In a 2008 statement, the administration of the éthiStates equally does not consider
biofuel production to be the most relevant factontabuting to the food price surge.

Instead, the growing demand in emerging countsadeantified as main driver behind the

market development. Biofuel production is foundctmtribute less than three percent to
the acceleration in staple food prices (Sen (2008)/7; Chakrabortty (2008), p. 1).

In sharp contrast to these analyses, the World Batks that 70-75 percent of the increase
in food prices within the period 2002 to 2008 waee do biofuel production. A report
published by the institution in August 2008 cond@sdhat the food price development has
indeed been caused by several factors — yet, te expansion of biofuel production from
grains and oilseeds in the United States and Eum@ssumed to be by far the most
important one (The World Bank (2008d), p. 2; Mititl§2008), p. 17).

The diverging opinions on the issue demonstratettieimpact of biofuel production on
staple food prices is highly debatable and appresdb calculate the effects might be
influenced by political factors. While it is imparit to identify the drivers of the past
acceleration in agricultural commodity prices it fsowever, even more relevant to
understand their future development in the lightaotontinuous expansion of biofuel
capacities. The following paragraph therefore sunmaa the most important studies on

the expected future developments of agriculturaigs:

1.1.2 Expected future developments

Like the analysis of the current market situatit outlooks of the future development of
food markets diverge markedly. Most forecasts idelglobal biofuel production as a
factor driving demand. Yet, the overall effect ontieipated agricultural price levels
largely depends on expected supply-side responsesn the question to what extent the
supply side can match the increasing demand thrangéxpansion of planted areas and a

more intensive use of available arable land.



Therefore, forecasts by the U.S. Food and AgricaltRolicy Research Institute, the
European Commission, the OECD-FAO, the Purdue Usitye or the International Food
Policy Research Institute include diverging scessanf future food prices depending on

the underlying assumption regarding demand asasedupply side responses

The following graphs show two forecasts of foodcerdevelopments: The first one is
taken from a report published jointly by the Orgation for Economic Co-operation and
Development (OECD) and the Food and Agricultureadrgation of the United Nations
(FAO) in 2007. The second one was published by Rbed and Agriculture Policy

Research Institute of the United States in the sgae

Development of Feedstock and Crude Oil Prices 277
according to the OECD-FAO
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Development of Feedstock and Crude Oil Prices 277
according to the FAPRI
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The authors of the OECD-FAO report forecast prioesnost of the main agricultural
commodities to decrease slightly in the next decdde to increased production levels.
Only the prices of plant oil are expected to inseanarginally. Based on different
assumptions regarding land availability and dem#r&l Food and Agriculture Policy
Research Institute, on the other hand, expectseswybil and palm oil as well as sugar
prices to continue to rise substantially while camd canola oil prices are expected to

drop!

In spite of the differences in projected price levef specific commodities, the forecasts

cited above share a common aspect with respectatkemintegration: None of the studies

! The two forecasts comprise marketing years ferréspective agricultural commodities. The markgtin
year 2006/2007 is denoted as 2007 in the diagrarhgse marketing years are, however, not
homogenous. While the U.S. marketing year for aanmprises the period September 1 to August 31, the
marketing year for soybean oil covers October $aptember 30. For crude oil prices, on the othedha
the years included in the forecast are calendasy@&ais lack of homogeneity represents a limifiactor
of the diagrams



expects agricultural and crude oil markets to lipkwithin the next decade. Feedstock and
crude oil prices are anticipated to develop inddpetly in the long-run. The analyses
define agricultural price levels as the balancevbet production — which is a function of
arable land and yields — and demand arising froenftlod sector and industrial market
segments. Biofuel production is consequently sesem factor shifting the demand function
and thereby changing equilibrium prices as illustlaon the following graph.

Calculation of the impact of biofuel production fmod prices
using a supply and demand based approach

Price S

©T T

AND
D

Quantity

IV. Supply/demand based approach of the impact of
biofuel production

Source: Own illustration

Other authors and institutions, for example theohaan Commission, the United Nations
or the German Agency for Renewable Resources shargerspective. In recent reports
these organisations calculate break-even pointifigirent types of biofuels as a function

of oil price levels.

Such a calculation is only possible if prices fgrieultural commodities — which represent
up to 80-90 percent of biofuel production costsondt rise and fall in line with crude oil
prices but remain constant. Hence, the underlyssymption of many reports on biofuel
production published in the last years is that erod price movements will not affect
agricultural commodity prices significantly and tliae two markets will not integrate in



the long run (European Commission (2007a), p. @rpfgean Commission (2007b), p. 11;
Schmitz et al. (2006), p. 23, 25; Larson (200723).

Other studies, however, indicate that agriculturammodity markets and crude oil
markets might be linked in the future. Researclepapublished by the Purdue University
and the Stanford University’s Program on Food Sgcuwand the Environment, for

example, conclude that biofuel production links iagtural and energy markets.
Consequently, the authors find that the world enteto an era with a close long-term
connection between crude oil and agricultural comiities prices. An independent
movement of energy and food prices is thus constl@s being impossible (Tyner and
Taheripour (2008), p. 2-4; Naylor et al. (2007)3p-43).

These papers support the hypothesis of Schmidhw@merconomist of the Food and

Agriculture Organization of the United Nations, wboncludes that energy prices define
the floor and ceiling prices of agricultural feemtdt. As prices for fossil energy reach or

exceed the energy equivalent of agricultural prégluthe energy market creates demand
for agricultural products linking prices in the prun (Schmidhuber (2007), p. 10-15).

Under this assumption the acceleration in agricaltprices in line with crude oil prices is
neither a coincidence nor simply due to a shiftthed demand function. Moreover, an
expansion of agricultural production in the comygrs will not be able to compensate the
increase in demand and will not result in lowerdqices either — unless crude oil prices
decrease as well. If agricultural commodity andrgypenarkets are integrated, food price
levels will be defined by energy prices rather titmpending on land availability and

yields.

1.2 Objectives and approach of the study

In the light of these controversial opinions onissue that could have a far reaching
impact on global producers and consumers of fogolaricularly those in developing

countries — the objective of this study is to asalyhether agricultural commodity and



crude oil markets might be linked in the future dmdv an integration of markets would

affect developing countries.

The study is structured as follows:

Part | will analyse under which conditions pricescommodities markets might
follow the same trend. This part of the dissertatiwill be based on a

comprehensive literature review.

A structural link between prices of two or more eoadities is often referred to as
market cointegration. In cointegrated markets gricey deviate in the short term
and correlation coefficients can be low at timeswver, the markets return to
equilibrium in the long run so that prices folloetsame trend. This equilibrium or
structural relationship can be empirically evaldata order to prove the link
between the markets (Alexander (1999), p. 24; Headd Juselius (2001), p. 75;
Granger and Newbold (1974), p. 111-120; Jones awiiith (2006), p. 2f).

So far, no general framework on cointegration imowdity markets has been
developed that explains why and under which comwtiprices of two or more
commodities are characterized by a stable longrelationship. However, drivers
for cointegration effects have been identified iarious studies focussing on
specificcommodities such as crude oil/ natural gas, copotyester, and natural

rubber/ synthetic elastomers.

The results of the most relevant studies in thakifof research will be summarized
in order to develop a general framework on coirggn in commodity markets.

This framework will be the conclusion of the figsrt of this dissertation.

Part Il will investigate whether a co-movement t@ipge food and crude oil prices is
technically possible given the structural relatlipsof both markets. The analysis
included in this part will be based on the frameawdeveloped in the first part of

the dissertation. Sources used for the analyslscamprise both, desk research as

well as interviews with industry experts.
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The focal point of the analysis will be plant oihieh is the main input factor for
biodiesel production, but can also substitute fetrgdeum derivates in industrial
applications such as paints, surface coatings &astigs. As cointegration effects
are mainly due to the substitution potential betwe®o or more commodities (see
Part 1), the objective of the second part of treseitation is to analyse all relevant
market segments in which plant oil could replaeeleroil. The approach will be to
estimate the overall substitution potential andcadculate the marginal rates of
substitution between crude and plant oil in eachketasegment. These estimates

will be included in a model that identifies

how much of the global vegetable oil market cowtdabsorbed within each

market segment,
at what price ratio switching is economically attree,

whether the substitution potential between crudk@ant oil could result in

a co-movement of prices as observed in other cortynodrkets.

Part 11l will summarize the potential effects of swegration of plant and crude oil
markets on developing countries. When plant oitgsiare linked to crude oil
prices other staple food prices would be equaligcdéd by rising or falling crude
oil prices. Agricultural commodities compete foalale land so that any change in
the prices of one type of crop results - ceterisbpa — in price changes of most

others.

As mentioned above, high and volatile staple foddes reduce the food security
of net food purchasers in developing countries. Hawerely consumers in these
countries are affected depends on the degree dafe ptiansmission from

international to domestic markets which differs tegions as demonstrated in

previous research studies (Blein and Longo (2009);2).

In addition to the effects on household level, armmvement of staple food and
crude oil prices will also affect the countriesldrece of trade either mitigating or

worsening the effects of rising oil prices on tiser@omic development.
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Besides summarizing the potential effects of a cvement of crude oil and staple
food prices, the third, and last part of the disgam, will analyse measures to
mitigate the negative effects of a market coupliflgis analysis will be based on
the main findings of Part Il and draw attentioritie role of direct subsidies and tax

relief programmes in various market segments.
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2. INTRODUCTION

The purpose of the first part of this dissertai®to analyse under which conditions prices
in commodities markets might follow the same treis presented in the next chapter, the
methodology used in this part is a systematic wevgd the literature on price links
between two or more commodities. Based on key figsliof this review a general

framework on price links in commodity markets viné developed.

Part | starts with an introduction to the role oicps, how they are meant to reflect the
social value of commodities and why they frequerdiy to do so. While the subsequent
literature review focuses on the reasons why prigesvo or more commodity markets

might be interlinked, this chapter introduces theoretical context allowing for an

interpretation of the results.

Factors that result in price distortions as presgrin the following tend to have an
influence on price levels in most commodity mark€ensequently, these factors have to

be borne in mind when interpreting the resultshefliterature review.

2.1  The role of prices

As stated in the efficient market theory, pricesehtwo main roles: firstly, they are meant
to convey information (informative function) andceedly, they facilitate the efficient
allocation of scarce resources (allocative fungtidks conveyors of information, prices
inform about the willingness of buyers to acquimds at a given price based on their
subjective values and utilities. These prices afndd as buyers’ reservation prices and
indicate the largest amount any specific buyer @dog¢ willing to pay for a good or
service. Likewise, prices indicate the willingnesssellers or providers to sell at a given
price based on the assessment of their productiets @and profit expectations (Bernanke
and Frank (2004), p. 62; Wienert (2008), p. 85ffe@man (2007), p. 8ff).

This rapid, two-way transmission of information bles an efficient coordination of
markets, which would be difficult to organize otlese. In perfectly competitive markets a
price mechanism is thus the most efficient wayramgmit information between economic

units in the sense that a minimum number of vaemid used (Thomsen (1992), p. 31).



