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Abstract
The recent food crisis of 2007/08 drove millions of the world’s poor deeper into poverty and hunger. Understanding the underlying factors that caused the crisis is fundamental to avoid future catastrophes. In particular, it is important to identify the factors that triggered the event. 

This paper analyses the existing literature and identifies two triggers. First, rising oil prices increased input costs for the production of food and, with it, food prices. Second, increased demand from biofuels has driven up prices as biofuel crops compete with food crops. The focus of this paper lies on the second trigger, as strong biofuel demand is a new variable in the food equation.

Descriptive data analysis is examining world and US data sets of prices and harvested areas, revealing a stronger correlation between oil and maize prices in the most recent period. The correlation serves as a proxy for food prices. In addition, cropping patterns, particularly in the US have changed drastically towards an increase in maize production. This development is suggesting an increased demand for biofuels, a fact that would explain rising output of maize in combination with rising maize prices. 

Biofuels add a new dimension to food markets, transforming a long term declining price trend and threatening the existence of millions. Policies supporting biofuel production through subsidies, tariffs and mandates need to be urgently rethought.  

Relevance to Development Studies
This paper’s relevance to the field of development studies lies in its focus on identifying the causes for increased poverty and hunger due to increased food prices. In essence, this paper concludes that the rethinking of policy on biofuels has the potential to lift millions out of poverty by enabling access to cheap staple foods. 
Keywords

Food Prices; Biofuels; Oil; Food Crisis; Hunger; Poverty
Chapter 1 
Introduction

Food is the essential ‘fuel’ for humans and animals alike. Without food or insufficient nutrition the human body fails to function and hence it can be seen as an essence for life.  Addressing the importance of food is nothing new in social sciences and many might associate the discussion with Malthusian and Neo-Malthusian horror scenarios of famine and war as population growth outstrips food production (Thomas & Allen, 2000). In 2008 these voices predicting doomsday scenarios have again gained in strength. More recently the BBC (British Broadcasting Corporation, 2009) in a new series entitled ‘The Perfect Storm’ started exploring the predictions of the British government’s chief science advisor Professor John Beddington that the world is heading for the disaster of a “perfect storm” with booming population growth, widespread starvation as well as energy and water shortages. A major trigger for the revival of doomsday scenarios within mainstream media is the food price crisis of 2007/08 that saw food prices shoot up dramatically pushing millions into poverty. 
This paper also finds it motivation in the recent food crisis. It takes the standpoint that it is imperative to explore the reasons for the rapidly rising costs of staple foods for at least two reasons.  Firstly, to see, on the one hand if a structural shift has occurred in food prices that will result in high medium to long term prices and hence has specific effects on the landless poor, farmers and consumers in general, and secondly on the other hand if one or several particular causes can be identified in leading to skyrocketing prices. It will be argued that in most cases rising food prices have been a burden for the poor rather then an opportunity to escape poverty and therefore it is essential to identify causes for rising food prices in order to minimize the impacts on the poor around the world by taking appropriate policy measures. 

In the same period that saw recent food prices shoot up so drastically, a general commodity boom took place, leading the World Bank (2009a) to dedicate an entire ‘Global Economic Prospects’ report to this world wide phenomena. Of all commodities, however the booming oil sector emerges as the most important and indeed most widely analysed area in the report. Oil as an input into production, not only as energy but also a raw material receives special attention and indeed a special status. While all commodity prices seem to go up over time, a special relation between oil and food commodities seems to exist. The World Bank (2009a) openly claims that oil influences food prices directly. This paper aims to analyse this claim with more scrutiny by focusing on world oil and food prices. 

Two dominant arguments connect world oil and food markets. First, from the supply side, oil is needed as an input into modern food production and hence an increase in oil prices increases costs of food production, and second with rising oil prices demand increases for biofuels that in turn raises demand for biofuel crops. It has been argued widely that with the rise of the ‘green revolution’ in the 1960s oil and food have become increasingly connected as oil represents an indispensible component of modern day farming (Pfeiffer, 2006). Large modern agribiz corporations that represent the backbone of today’s agriculture (predominantly in developed nations that not surprisingly dominate international food production) are highly depended on oil for the production of pesticides and the energy of oil to seed, maintain, harvest, process and transport crops (Pfeiffer, 2006). 

Oil prices too have experienced strong volatility on international markets reaching its record high in 2008. Historically oil and other commodity prices including food, have been connected closely on the supply side through energy intensive inputs and transportation and on the demand side by offering substitutes to mainly oil based products (World Bank, 2009a). In recent years food markets have increasingly been characterised by the rise of biofuel production in response to high oil prices and mandatory quotas for the use of biofuels set by developed countries. Even though biofuels have a lower energy content then gasoline (for example about 1.5 litres of ethanol made from maize or sugarcane are needed to substitute 1 litre of petrol derived from oil), the use of biofuels by blending it with conventional petroleum for transportation becomes increasingly widespread (CBO, 2009). For food markets this means an upward pressure on prices as demand for biofuel crops rises which in turn increases pressure on prices of other food crops as competition for land intensifies. This paper will try and investigate the triangular relationship between oil, biofuel and food prices. It will try and test if indeed a newly occurring structural change towards biofuels will increase food prices in the long run and translate high volatility in oil markets to food markets. 
World food prices have risen drastically, however subsequently declined again in 2009. The essential question is then what triggered food prices to rise so drastically, and what changed in order for prices to fall again. 

1.1 Hypothesis, Research Question and Scope & Limitations: 

Hypothesis:

The food crisis of 2007/08 has revealed a rising importance of biofuels within food markets. At the same time high oil prices have uncovered the importance of biofuels for the transportation sector. While, biofuels are nothing new, and have been in use since the invention of the automobile, cheaper and more efficient petroleum has suppressed the widespread use of biofuels. Biofuels however, saw their revival through the institutionalization of mandatory use of biofuel, in combination with record oil prices. Most notably, the US Energy Policy Act of 2005 and the Energy Independence and Security Act of 2007 established mandates that aim for a fourfold rise in biofuel production by 2022. As a result of this policy in combination with high international oil prices, roughly 25 percent of maize harvested in the United States has been redirected from food consumption towards ethanol production (WB 2009a). 

Arguably this represents a considerable change in the workings of food markets. Taking this as a starting point, the research hypothesis of this paper is as follows. While in the past the connection between oil and food was rather loosely characterised by supply side relations, the recent period ties oil prices closer to food prices due to demand side substitution effects arising from liquid biofuels. This newfound connection is significant as it provides food markets with a structural change that bears implications for food prices, possible crisis and policy. Volatility and prices in oil markets are hence transferred more vividly to food markets, disrupting a long-term trend of declining food prices and pushing millions into poverty. 

This hypothesis is dependent on two main stylized facts:

1. Food and maize prices have risen in recent years, relative to other commodities and inflation.

2. Maize prices and by their extension grain and overall food prices have recently been rising dramatically due to high oil prices and a new dimension tying oil and maize prices closer together.

Research Questions:

Based on the premises of the research hypothesis, this paper tries to analyse and test for one major research question: 

Did the upswing in recent biofuel production add a new demand dimension to food markets, tying oil price effects closer to food prices in the shot run?

Method & Approach: 

To test the hypothesis of this paper and provide a possible answer to the research question, this paper relies on secondary literature and descriptive data analysis. A literature review elaborates the possible explanations for food price rises and offers an overview on biofuels. By doing so the literature review identifies important causes for triggering high food prices in 2007/08. As such the literature review also serves as a basis for the selection of the hypothesis of this paper. 

 The data analysis sets off where the literature review ends, by descriptively analysing demand side causes of food markets with respect to rising biofuel production. Making use of simple statistical techniques and basic transformations, the analysis begins with testing the first stylized fact that a disproportional rise in food prices has occurred. If this should be the case, food and maize price should be notably higher then overall inflation in recent years shown by a comparison in both rate of changes. This fact should then also be confirmed by a comparison between world non-fuel commodity prices and maize, which should be larger in recent years. 

The second stylized fact, that maize prices have been on the rise recently due to high oil prices, that were intensified by a new dimension tying oil and maize closer together, will be tested by first examining nominal price changes in both markets. A more synchronic movement in the recent period is a possible sign that a stronger correlation between both markets exists. This correlation will be confirmed by a statistical analysis of the rate of change of oil and maize that should show a higher correlation in the recent period. 

To test if demand factors in form of biofuel demand are the causes for rising prices during 2007/08, answering the research question of this paper, the analysis needs to start by identifying the existence of a special status between food and maize prices. This is necessary in order to narrow down the discussion to maize markets, which should reveal a stronger influence due to higher demand stemming from increased biofuel production. The next step then evolves an investigation in land use changes, paying particular attention to the recent period that saw the intensified introduction of biofuels. Land use changes are recognized mainly by identifying recent trends in absolute numbers of harvested area as well as the rate of change of crops competing for the same cropland. The strongest trend changes need to be identified in the most important market for biofuels and maize, namely within the US. 

Scope and limitations: 

This paper faces several limitations, starting with the literature review. While having reviewed most relevant literature, it is difficult to guarantee that all important articles have been included in this paper. Hence the literature review is limited to the assumption that several extensive literature searches have included all important and relevant writings. 

In addition, food and oil markets alike are broad topics that cannot be discussed to any sufficient extent in this paper. For this reason, only a brief outline of food and oil markets will be presented with a more in depth analysis of a possible new demand relationship between food and oil markets. Here however, data availability as well as accuracy are a major limitation to accurate analysis. The data sets are mainly derived from International Monetary Fund (IMF) and Food and Agricultural Organization (FAO) statistics, limiting their scope and accuracy to one set of index and prices. Also while regression analysis might be favourable in certain scenarios, this paper focuses on descriptive analysis and hence limits on accuracy and test results are obvious. 
1.2 Structure of the Paper:
To reveal its relevance to development and provide background information on the recent food crisis, chapter two will start of by introducing recent food price developments. This section will be followed by an analysis of the connection between food and poverty, in the eyes of the recent food price crisis and a short comparison between the 1973 and 2007/08 food crisis. Chapter three will establish six causes for the recent price hikes and narrow those down to two main triggers that likely caused the food crisis. These triggers will be analyzed with more scrutiny, as they will build the basis for the hypothesis of this paper. The next chapter, chapter four will begin where chapter three ends, establishing a more detailed analysis of biofuels by first defining biofuels, followed by a distinction of liquid biofuels of ethanol and biodiesel. The chapter will also function as a bridge to chapter five the analysis, through introducing the importance of maize and the United States in analysing the recent food price rises. This information will be crucial for the analysis in chapter five as it justifies the use of maize as a proxy for food and ethanol as a proxy for biofuels in general. The succeeding chapter, chapter five is critical to the paper as it represents the descriptive analysis part of this research. Here the two stylized facts will be tested, that A: food and maize prices have risen in recent years, relative to other commodities and inflation and maize prices and by their extension grain, and B: overall food prices have recently been rising dramatically due to high oil prices and a new dimension tying oil and maize prices closer together. Furthermore, the chapter will test the research hypothesis of this research paper that: the upswing in recent biofuel production has add a new demand dimension to food markets, tying oil price effects closer to food prices in the shot run. The final chapter, chapter six will conclude the paper drawing particular attention to the main findings of both literature review and data analysis and seeking to provide suggestions for policy implications as well as future analysis in the field. The chapter will end with a short note by the author. 
Chapter 2 
The Impact of Increased Food Prices on Development

The importance to the field of development is essential to be kept in mind throughout this entire paper hence aim of the following sections is twofold. On the one hand this chapter will provide factual information on current and past food situations that will be essential to the overall understandings of both the reviewed literature as well as data analysis. On the other hand this chapter will provide the link of food prices and development by outlining the meaning of food prices to the poor.

2.1 Food Prices: 
For the first time in decades basic food prices have been on the rise around the globe and have in some cases even doubled since 2006. Wheat prices, to give a simple example have increased by 181% in only 36 months leading up to February 2008 (World Bank 2008a).  Increases in the price of grain were leading the rise in food prices across the field, which began their upward swing journey in 2005 in spite of a record global harvest in the 2004/05 crop year. The record harvest was 10.2 percent larger then average harvests of the three previous years. While the following 2005/06 crop was below record, it still was 8.9 percent larger than the three years prior to 2004/05. These comparatively large harvests, led to increases of global stocks of grain in 2004/05 but a notable decline in 2005/06 as demand began to outstrip production. Between January 2005 and June 2008 a drastic surge in food prices occurred with maize prices nearly tripling, wheat prices increasing 127 percent and rice prices 170 percent. Following grain price surges the prices for other foods increased too. So fats and oils prices reached new hights with palm oil prices increasing up to 200 percent, soybean oil prices up 192 percent and other vegetable oils increasing in similar fashion. The prices of other foods such as bananas, meats, sugar and shrimps rose by about 48 percent (see figure 1) (Mitchell 2008). 

Overall food prices have experienced a surge that is only comparable with the food crisis of the 1970 but faces important structural differences.       

Figure 1: Food Prices (taken from WB 2008a p. 2)  
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The World Bank (2008a) predicts that the phenomena of high food prices is not a temporary phenomenon but likely to continue into the medium to long term. While prices are expected to decline once supply adjusts to the current high demand, prices are predicted to stay well above their 2004 levels. So far this prediction has materialized. Since the highs of 2008, prices have slowed down substantially however, have remained above their 2006 levels (FAO 2009b). 

2.2 Poverty: 
Rapid price increases for basic foods can have catastrophic effects on people’s lives. Of course food price hikes do not equally affect countries and their citizens. While rising food prices certainly contribute to higher food price inflation in many countries, the effects and pace of their impact differ due to factors such as the weakening dollar, domestic infrastructure, share of food expenses to overall incomes, diets, and price stabilization subsidies. Therefore, the effects of higher food prices may have little effect on average families in developed countries, which spend roughly 20 percent of their income on food. Families in developing countries on the other hand tend to spend 60 to 80 percent of their budget on food and with lower social safety nets it is those countries and individuals that suffer the most from increased food prices (United Nations, 2008a). 

Whatever the argument, one thing is clear, food inflation has affected most developing countries severely distressing the poor within these countries harshly. Surges in local food price inflation in Sri Lanka were (34%) in Costa Rica (21%) and in Egypt (13,5%) to just name a few (World Bank 2008a). In addition, price increases lead to an increase in the bill of imported foods by net-food importers. The worst affected countries, those that depend on food imports for at least 40 percent of their foods, the ‘food bill’ increased 37 percent in 2006/07 and 56 percent in 2007/08. For Africa as a continent, the ‘food bill’ increased by 74 percent in 2007/08 alone (Golay, 2008). FAO calculations show that the overall food import bill for developing countries increased by approximately 25percent (ODI, 2008)

This development gives cause for concern as effects of rising food prices are felt differently not only across countries, but also within. While some localities and individuals as net producers may well profit from higher incomes, others, namely the landless and poor urban consumers are severely affected by rising prices of staple foods that are essential for survival. Ivanic et al. (2008) show the impacts of rising food prices on poverty by taking a sample of household data for nine low-income countries and analysing the data with respect to direct impacts from changes in commodity prices and impacts from changes in wages for unskilled workers. In six of the considered nine countries increases in staple food prices were connected to a significant rise in poverty. The rises in food prices between 2005 and 2007 have according to the study increased poverty by three percent if wage impacts are ignored. Increases amongst urban households are observed to be even bigger with 3.6 percent whereas rural poverty increased by 2.4 percent. When considering wage impacts the calculations bring less adverse outcomes for poverty rates as wages adjust to higher commodity prices, with urban poverty change falling from 3.6 to 3.2 percent and rural poverty from 2.5 to 2.2 percent. Overall a reduction from 3.0 to 2.7 percent can be observed. In other words, while a wage impacts might ease poverty rates, the increase of food prices overall will still affect the poor severely. Ivanic et al. (2008), show with a back-of-the envelope calculation that when their average results are applied to all low-income countries poverty headcount around the world increased in 2005/07 by 105 million people of a total low income population of 2.3 billion. 

Putting these figures into perspective, increasing food prices affect the poor in different ways. The poor suffer direct and indirect effects from higher food prices. Indirectly, those in poverty bear the burden of general effects of food prices on their economy, such as deteriorating terms of trade due to higher import bills. Directly higher food prices affect the purchasing power of the landless poor negatively. However the incomes of those who are net-producers of food might benefit from higher revenues. Poor families spend an average of three-quarters of their disposable income on staple foods, which makes them extremely vulnerable to price hikes (Ivanic et al., 2008). ODI (2008) points out that in “the short term impacts are alarming: incomes fall by more then 25% and food consumption by almost 20%. Medium term prospects remain bleak, with incomes and food consumption down by 11% and 8% respectively” (p. 2).  On a first look this might be confusing as around three-quarters of the world’s poor live in rural areas with agriculture being the main source of incomes. From this standpoint one might imagine that higher food prices should lead to poverty alleviation on a global level. However, this point has been proven wrong in the past and the conventional view today is that the majority of the poor are net-consumers of food stuffs rather then net-producers, hence a reduction in food prices would lead to poverty alleviation, not a rise (Polaski 2008). 
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While the exact effects of high food prices on the poor might be a contested field of study, it seems to be clear that poverty has increased severely. The FAO estimated that the high food prices pushed 100 million people around the globe into deeper poverty and hunger and called it the “silent tsunami” (WFP 2008). The World Bank (2009a) goes even further claiming that the number of those in extreme poverty has increased by between 130 and 155 million people. This crisis for many poor households needs an immediate response from the international community in the short run but needs to address the underlying structural causes for the medium and long run. The UN World Food Programme called for an additional $700 million in aid, just to maintain feeding levels for 2008. For the very poor, a reduction of consumption that is already at very low levels is disastrous even for a relative short period as it can have important long-term consequences. So for example the high food prices during 2008 is likely to have increased the number of children suffering from permanent cognitive and physical damage as a direct cause of malnutrition by 44 million (World Bank 2009a). 

As noted above those already poor are those most affected leading to riots and angry demonstrations in many countries (CNN 2008). Rising food prices represent a reversing trend in commodity price developments with harsh implications for the majority of the world’s population. It brings back Malthusian and neo-Malthusian horror scenarios where rising world population outstrips food supply, leading to violence, terror and war. If these are to be avoided and the poor helped, then the root causes for rising food prices need to be addressed urgently. 

2.3 Millennium Development Goals (MDG’s):

The cruellest sign of poverty is hunger and malnutrition. While the world is producing enough food for everyone, access to this food is unequal and determined by a lack of purchasing power of the poor (United Nations, 2008a). Acknowledging the problem, the MDG’s established a hunger target as an essential part in the fight against poverty. For nearly 15 years the world has made progress towards the MDG hunger target in the developing world from 20% in 1990-92 to just above 16% in 2003-05. However FAO (2008b) estimates indicate that this positive trend has been reversed towards 17% close to the level nearly a decade ago. The United Nations ‘Millennium Development Goals Report’ of 2009 confirmed the FAO prediction and showed that the rapidly increasing food prices in 2008 resulted in a larger portion of hungry people in sub-Saharan Africa and Oceania (see figure 2 for details on each region). Furthermore, with the exclusion of China, hunger also rose in East Asia. While progress had been made in reducing the prevalence of hunger in developing countries, higher food prices have reversed these trends (see figure 3). 

Figure 3: (taken from FAO 2008b, p. 1)
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Decreasing food prices in late 2008 were expected to ease the tensions and hardship for the poor, however these expectations did not materialize and prices in local markets did not drop significantly. To date, access to food in developing nations such as Brazil, India and Nigeria has failed to improve. In addition, the United Nations (2009) warns that there is little progress in child nutrition and higher food prices are likely to erode any progress made so far. Sufficient nutrition at a young age is crucial for a child’s development and in building a immune system. Nonetheless, around one in four children in developing countries are underweight, leading to higher childe mortality rates. 

To meet the internationally agreed hunger reduction targets by 2015 seems to be becoming an enormous challenge. The MDG report of 2008 found that the high prices for food would drastically increase the number of poor people around the world and hence challenge the target of eradicating extreme poverty. From an international perspective it is alarming that the millennium development goals, not only the one on hunger, seem increasingly more difficult to achieve. 

2.4 The Crisis of the 1970’s vs. 2008: 

Volatility in agricultural markets is not an unusual occurrence, however overall the past 50 years have seen a gradual decline in real prices for food. This has been caused by relative long periods with low prices while phases with high prices were rather short lived. The distinguishing factor, that made 2008 a food crisis, was a rise of prices in nearly all major food commodities and not just a few. In addition, the price rises saw higher price volatility then on average in the past, particularly in the cereals sector, representing the uncertainties surrounding these markets.

In the period of 1961-2008 four distinct dates and phases of high prices can be identified, 1972-1974, 1988, 1995 and 2006-2008. However within these periods, “only four years appeared to have been significant price event years: 1973, 1974, 2007 and 2008” (FAO, 2009a) (see figure 4). The food crisis of the 1970s hence seems to be a good starting point for comparison. Two decades before the crisis of the 1970s the so-called ‘green revolution’ resulted in large expansion of productivity and cultivated areas. The crisis unfolded when dire weather conditions around the world led to bad harvests in 1972. With rapidly rising population growth, demand soon outstripped supplies leading to a largely supply shock on world food markets. In 1973, things turned worse with the beginning of the first oil crisis, as oil prices increased four fold. As the ‘green revolution’ was highly dependent on pesticides, herbicides and nitrogen-based fertilizers, which are made from petroleum, developing countries production suffered increasingly. By 1974, the need for a good harvest, particularly from developed nations was dire. However, this year failed to produce sufficient food from Canada, the Soviet Union, the USA and large parts of Asia. As a result, global cereal reserves hit a 22 year low and prices sky rocketed. The US government banned the export of 10 million tonnes of grain at that point, making things worse (Friedman 1988). An unofficial estimate of the FAO on the deaths caused by this food crisis has been put at around 5 million people (FAO, 2009a). 

Figure 4: taken from FAO 2009a p.9 (marked periods authors additions)
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Even though certain elements of today and 1970 might be well comparable, the recent food crisis has fundamentally different characteristics. Two major similarities with the situation thirty years ago are that bad harvest as in Australia and Canada (Armah et al. 2009) and crude oil price shocks led to smaller then possible output. Even though harvest reached record highs, without these bad harvests output would have been even higher. However, the fundamental difference between the 1970s crisis and recent events is that the past crisis was caused by supply side shocks, whereas in 2007/08 demand factors changed with a surge for biofuels (FAO, 2009a). So the question is whether new developments changed the very foundations of prices in the agricultural sector in the medium to long run.

Chapter 3                                          Competing Explanations of the 2007/08 Food Crisis: 
Today, a dominant consensus has developed on the causes and links behind recent food price hikes. While food based demand has been relatively consistent over past decades, six major developments have contributed to the sudden surge in food prices: population growth and increasing demand from fast growing developing countries; underinvestment in agriculture; poor harvests; increasing speculation; rising demand for biofuels; and fast rising oil prices. In the following analysis, these causes have been divided in structural and non-structural factors. The logic behind this division is to more easily decide between causes that contributed to the crisis, and causes that triggered the food price increases. In general structural factors have been slow moving developments that give the markets adequate time to respond and hence can not account for triggering the crisis. More scrutiny is necessary looking at non-structural factors, as those in principle have the potential to be responsible triggers. The following literature review and analysis in this chapter will identify potential causes for the food price crisis and by doing so establish the backbone of the paper by identifying the hypothesis of this work. 

Structural Causes: 
3.1 Population Growth and Increasing Demand from Newly Industrialized Countries: 

Historically the most important structural factors underpinning demand for food products is population growth. However, population growth is estimated to decline rapidly throughout the next 10 years and overall world population is expected to reach around 7.4 billion people by 2017 (OECD/FAO, 2008). In the medium to long run the pace of population growth should fall from 1.2 percent during 2000s to 0.8 percent between 2015-30 (WB, 2009a).  Consequently food demand from population growth too will slow. 

A further structural factor raising the demand for staple foods around the world is increased demand from fast growing developing and newly industrial countries, mainly China and India. Rising per capita incomes increases the demand for foods, in particular meat and milk products. However, “nine kilos of wheat are required to produce a kilo of meat and 4 kilos of wheat for a litre of milk. The increase in this demand automatically results in an amplifying the demand for cereals” (Golay, 2008; p. 4).  The World Bank (2009a) estimates that as incomes rise, demand for grains rises relatively fast until incomes reach around $3000 dollars. From that point onwards rising demand for grains slows with higher incomes, ultimately falling to near zero. Roughly a 10 percent rise in incomes for low-income countries is coupled with a 6 percent increase in the demand for grains, however nearly no increase in high-income countries. However, as the trend of rising living standards particular in China and India and general population growth is nothing new and has been going on for years, it cannot explain the sudden explosion of food prices in 2008/07 (Berthelot, 2008). 

3.2 Underinvestment in Agriculture:

Even though the year 2008 has seen unprecedented record harvests in particular the cereals sector, overshooting prior expectations (FAO, 2009b; FAO, 2009c), the supply side seems to face increasing trouble to follow demand. A structural cause for this imbalance can be found in the 1980s that saw particularly in developing countries the dismantling of support for agriculture in form of subsidies or marketing boards under what came to be known as ‘Structural Adjustment Programmes’ (SAP’s). Since then investment in agriculture has been insufficient in agricultural based countries (UN, 2008a). The World Development report of 2008, ‘Agriculture for Development’ (WB, 2008) acknowledges this fact by stating that: “…agricultural-based countries have very low public spending in agriculture as a share of their agricultural GDP (4 percent in the agriculture-based countries in 2004 compared with 10 percent in 1980 in the transforming countries…)” (p. 7). 

Overall underinvestment in the agricultural sector might have contributed to a lower then possible supply of global foodstuff, this development, however cannot be credited with the sudden upspring in food prices. For this to be explained non-structural factors need to be examined and evaluated. 

Non-structural Causes: 
3.3 Poor Crops:

Traditionally poor harvests have been the main driver of sudden food prices hikes, as during the food crisis of the 1970s. With respect to this the World Bank (2009a) argued that in 2007/08 too, “…a series of poor wheat crops in Australia compounded the situation, driving down stocks and contributing to the price rise” (p. 4). This assumption however is rather questionable, as discussed earlier (see page 6), bumper harvests have been produce in the years leading up to 2008. In addition, the FAO (2009b, c) reported that the year 2008 produced a record harvest in the global cereal sector, besides the unfortunate crops in Australia. According to FAO’s Food Outlook in June 2009, harvests for 2009/10 marketing year are again expected to be second largest ever, after last years record. This means that stocks will be lower then last year, however as food prices have not increased in recent months and stayed relatively low with respect to last years crisis, it seems that poor crops and overall less then record harvest are not the triggers for the food crisis in 2008.

The drought in Australia, on the other hand is a good example of short –term supply factors that could affect world food prices. While mainstream explanations might frequently refer to supply shortages as a fundamental cause of price hikes, increased frequency of ‘natural disasters’ leading to droughts and floods have to be linked to climate change and can not be seen independently in the future. Longer-term supply factors too are playing an important underlying role for price hikes and future developments (WB 2009a). 

3.4 Speculation:

Agricultural prices have been subject to world market speculations by both increased investor interest as an asset class and by government policies introducing export bans by several countries (WB 2009a). The International Food Policy Research Institute (IFPRI, 2008a) suggests that speculative behaviour such as food hoarding has been on the rise in many areas of the world food economy. Export bans or export taxes imposed by some governments around the world are similar in effect to food hoarding as they fend off price increases in their domestic markets while contributing towards international price hikes. Countries fearing domestic shortages have engaged in ‘panic’ purchases in order to build up reserves, contributing further to increasing prices. 

This explanation seems plausible for a thin market such as the rice market were only roughly 7 percent of world output has been traded throughout the last 5 years and important producers have restricted the supply. On the rice market, prices increased gradually by roughly 50% (Fen et al. 2008). By November 2007, India imposed an export ban for its rice production due to uncertain production patterns and relatively low stocks in relation to high consumption patterns. Figure 5 shows that this seems to be the turning point in the development of rice prices that rose rapidly by 140 percent between November 2007 and May 2008 even though output reached record highs in 2007 and demand has stayed stable. Further export restrictions in other countries were cased by the high price surges. In May 2008 Japan freed 200,000 tons of rice for the Philippines, triggering prices to fall significantly. A further significant reduction resulted from the removal of export ban in Cambodia. What is remarkable is the simultaneous response of rice prices to restrictions and their removal. This indicates causality of export bans and price developments at least in thin markets. 

Figure 5: The Effect of Export Restrictions on Rice prices (taken from Fan et al. 2008 p. 7)
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A second type of speculation comes in the form of purchases on agricultural futures and options. This type of speculation is pursued purely as an investment strategy.  Generally speaking commodity futures contracts have been on the rise worldwide. In March 2008 investors around the world held about $400billion in commodity futures, $70 billion more then the year before and nearly double as much as at the end of 2005. Two reasons can be identified for this surge in demand for commodity futures. First, on average commodity investments rose in value, while other assets declined. Second, a number of investors assume that commodity prices experience a ‘super cycle’ where they will rise considerably in a long-term trend, increasing prices for years to come (IFPRI, 2008a). 

So cause for concern from future markets comes from the increasing participation of so-called ‘non-commercial’ traders, i.e. speculators, that have brought with them large increases of speculative funds traded within the agricultural futures market. Alone in the U.S. markets index funds have now invested $47 billion in maize, soybeans, wheat, cattle and hogs up from $10 billion in 2006. This capital has expanded the overall size of the agricultural futures markets and led to a tripling of open futures contracts of wheat and corn on the Chicago Board of Trade while soybeans futures have doubled. In relation, this means that: “… in a normal year, trading and movements on the wheat futures market in Chicago represent the equivalent of 20 times the annual U.S. wheat harvest” (IFPRI, 2008a p. 9).

Due to the large increases in speculative money, agricultural futures markets do not represent the supply and demand situation of the market. This causes a problem when futures and cash-market prices fail to match up once futures contracts expire. When this is the case, futures contracts loose their importance as hedge against price risks in the agricultural spot market (IFPRI, 2008a). It is rather difficult however to establish a real link between futures prices and spot prices in agricultural markets. The International Food Policy Research Institute (2009), tried to test statistically whether there is a link between futures markets and increases in the agricultural commodity markets during the food crisis in 2007/08. Results were mixed, indicating, “…that speculative activities might have been influential.” (p. 7). 

Rejecting the position that futures markets drive commodity spot markets, Fan et al. (2008) explain that: “Part of the recent comovements between rising spot prices and rising futures prices has to do with the fact that financial speculation through securitization is most profitable when there is substantial volatility in the underlying markets: when markets are in turmoil, expectations of future prices may vary considerably.”  They further argue that: “ …this suggests that speculation may be more a symptom of underlying volatility than a cause of that volatility” (p. 381). 

While the evidence from future market speculation might not be decisive, real market speculation in the form of export restrictions are likely to have an effect on the prices in thin markets. It is however, unlikely that speculation has caused the food crisis in 2007/08. As there are difficulties in assessing the impacts of speculation on food prices in general, and export bans seem to have only a limited effect, it is not possible to include speculative activity as a trigger in the food crisis of 2008. 

3.5 Oil Prices, Supply Side Effects:

Oil prices have two main effects on food markets, directly due to higher input costs in the production of food, and indirectly through influencing the demand of biofuels as a substitute to oil and hence increasing demand for biofuel crops. This section will focus on the direct impacts of oil prices on food. As it raises the costs of the supply of food, these impacts will be referred to as supply side effects. The indirect effects of oil prices will be discussed in the next section 3.6 and chapter 4 in more detail. 

Rising Oil Prices and their Relation to Food Prices:

As noted earlier, oil prices too have seen tremendous hikes in the past couple of years, reaching their current record high in July 2008. Similar to hikes in the past increasing oil prices have gone hand in hand with a strong period of economic growth and considerable inflationary pressure. The reasons for the recent price hikes are to be found in the supply pressures that mounted during the past five years and drove up prices to new records. 
It is a now a well established fact that the recent commodity boom, particularly in the oil sector, stems from a structural underinvestment in the industry during the past twenty years (WB 2009a ; IMF 2005). Causes for this structural underinvestment are to be found in the 1970’s and early 1980’s when demand for oil declined drastically due to high oil prices on the one hand, and on the other hand due to lower demand following economic problems in the former Soviet Union that forced these countries to use commodities more efficiently. Rising demand during the 1990’s was easily met by idle spare capacity (see figure 6). Already existing production capacity kept prices of oil relatively low and discouraged investment into future capacity increases. Consequently an imbalance developed between demand growth and its supply response. At around 2005 this mismatch became apparent with the surge in oil prices to new record highs. This boom only ended with a global slowdown that eased the demand pressure (WB 2009a).

Figure 7: Sensitivity of food crop prices to oil prices (taken from WB 2009a, p 73)
Figure 6: Dormant capacity helped keep oil prices low in the 1990s (taken from WB 2009a, p 59)
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From its high in July 2008, of around $140/b world oil prices have plunged below $40/b by December 2008 due to a financial crisis that turned into a global downturn (OPEC, 2009a). Oil prices are now slowly recovering to just above $70/b (OPEC, 2009b). This rather swift return of oil prices to 2005-2006 levels could be seen as an indication that oil prices will rise again drastically once world growth recovers. The World Bank (2009a) predicts the long-term price of a barrel of oil to be around $75 with the assumption that higher prices will increase investments and new technologies will be available to extract new sources economically. 
If world prices for agricultural goods are compared to these hikes in oil prices, a very similar pattern can be observed. So the world prices for wheat increased slowly form 2005 to 2007 and then exploded, reaching over $400 per ton in March 2008. In early 2009 wheat prices decreased again to around $175 per ton. This trend can be observed through out the food sector, and in particular the grain sector (Chantret et al. 2009)

Predominantly, oil prices above $75 seem to have a direct impact on the prices of food in the short and medium run. Interestingly, a comparison between food price trends and oil prices seem to indicate a relationship between the two commodities. Figure 7 is making this point, by showing the close relationship between maize, wheat, soy prices and the developments of crude oil prices on world markets. 

As indicated above, oil prices have dropped dramatically, and with it reduced the costs of agricultural production. This observation makes it likely that oil price have been a trigger for the surge in food prices in 2007/08. This interesting observation serves as one of the basis of this research paper, and a closer analysis of the underlying causes for a possible connection between food and oil prices will tried to be established in the remaining parts of this paper.

Supply Side Effects: 

Higher oil prices imply higher production costs of agricultural products. Chantret et al. (2009) point out that: “in the very short run, it is doubtful that agricultural prices perfectly reflect production costs due to the quasi-fixed nature of some farm production factors (like land, capital and family labor)” (p.1). However, prices for agricultural products are likely to be driven up by increasing production costs in the medium and long run. 

The tremendous rise in oil prices in 2008 brought about higher energy and fertilizer prices that raised production costs in the agricultural sector. As the agricultural sector is relatively energy intensive, higher oil prices increased the prices of fuels used to power machinery as well as fertilizers and other chemicals that are highly energy demanding to produce (WB 2008). While there is less dependency on oil inputs in developing countries, “… fertilizer is estimated to have accounted for 18 percent of variable costs for irrigated wheat in the Indian Punjab in 2002 and 34 percent of soybean costs in the Mato Grosso, Brazil” (WB 2009a, p. 61). 

 Consequently by July 2007 input costs for farms in the US have increased around 20 percent above their 2006 levels. As indicated, the largest price increase came from rising fertilizer prices, closely followed by higher fuel prices for agricultural production in general (Armah et al., 2009; Mitchell 2008). In addition, increasing costs of processing and transporting of agricultural products contributed to driving up agricultural products and consequently food prices. For example the distribution of agricultural goods to dispersed consumers inevitably depends on transportation that in turn is partly determined by prices of petroleum and hence crude oil. 

Confirming the claims above, several recent reports and studies have identified and indicated that the major drivers of recent food price increases are the rises in energy prices (Elobeid et al. 2007; Kruse et al. 2007; Abbott et al. 2008; Henderson 2008a, & b; Trostle 2008).  In particular, Armah et al. (2009) argues vividly for the importance of risen input costs, and shows that world wide, biofuels account only for a small fraction of transportation fuels, roughly 1.5 percent. The study goes on to claim that: “it is clear that biofuels affect food prices, as they constitute an additional source of demand, but this remains a minor contribution to the equation” (p. 331). The direct link between energy costs and food is argued to be much stronger. To make this point it Armah et al. (2009), present the example of the Arkansas State University Farm that between 2005 and 2006 experienced a 251 percent rise in the costs for fuel to operate the machines on the farm. Simultaneously, the farm experienced an increase of fertilizer costs by 329 percent. 

While oil prices and their supply side effects are likely to have had an impact on recent food price hikes, it is also necessary to evaluate the arguments of demand side effects in the form of biofuels. 

3.6 Biofuels, Demand Side effect:
A sharp increase in the diversion of food crops towards biofuel production in the form of ethanol and biodiesel has driven up demand for certain staple foods drastically. Consequently between 2003 and 2007, two-thirds of worldwide increases in maize production went towards bio-fuel production (WB 2009a), in response to high subsidies in Europe and the United States (Polaski 2008)).  Due to the higher demand and prices for maize, farmers switched from wheat and soya production to maize cropping leading to a rise in those commodities as well.  Recent estimates show that the trend in ethanol production has contributed to roughly 10% to 15% of the rise of food prices between April 2007 and April 2008 (CBO 2009).  

Noteworthy, is the claim of the IMF (2008) that maize based ethanol production has been responsible for about three quarter of the rise in worldwide maize production. Waage (2008), takes up the issue and shows that for every billion gallon rise in the production of ethanol, food prices will increase by roughly 9.8 percent. The IFPRI (2008) confirms the analysis by Waage and goes on to argue that increased production of ethanol has increased the total demand for maize and reallocated land area away from maize production for food towards maize production for ethanol feedstock, further increasing prices for maize. An analysis of scenarios with and without high biofuel demand has shown that high biofuel demand might account for 30 percent of an overall increase in food prices. In particular maize prices accounted for the larges impact with around 39 percent. A scenario with stagnant biofuel production at 2007 levels revealed that maize prices would decline by 6 percent by 2010 and 14 percent by 2015 (Rosegrant 2008). 

In addition several studies and reports have been presented that explain and elaborate the significance of biofuel production in leading to high food prices in 2007/08 (Banse et al. 2008; Mitchell 2008; Konig et al. 2009; Rosegrant 2008; Yacobucci et al. 2007). These studies and reports seem to indicate a consensus on the field and claim that biofuels driven by policy are the essential drivers of high food prices in the recent past and possible high prices for the future. 

Biofuels like other factors influencing food prices have not suddenly disappeared. Policies have not been revised and substitutes and mandates are still valid. However, a clear drop in world oil prices has lowered demand for biofuels in general, as biofuel production only above a certain threshold is economically feasible and leads to higher demand of agricultural biofuel crops. The World Bank (2009a) for example claims that every percentage point increase in the barrel of oil will result in a rise of 0.9% in the price of maize due to increasing demand for alternative energy in form of biofuels. This fact is also valid in reverse. In addition, mandates for biofuels are currently not the main drivers in biofuel production. Mandates are less binding in the early years of their introduction; hence oil prices are currently the main cause for increasing demand for biofuels (OECD/FAO 2009). 

Interestingly, both, supply side and demand side effects seem to offer a possible explanation for triggering the food crisis in 2007/08. Hence, a combination of the arguments of both sides seems to be a most convincing. In fact, while supply side effects have affected food prices since the introduction of the green revolution (Pfeiffer 2006), the recent boom in biofuel production has added a demand side to rising food prices. This double effect of supply and demand site causes seems to indicate a stronger bond between energy prices mainly in the form of oil, biofuels and food particularly maize prices. The analysis of this relationship will be the focus of Chapter 5. Chapter 4 will provide deeper understanding of the biofuel sector. 
Chapter 4                                                     The Rise of Biofuels: 

The importance of analysing biofuels in order to understand the triggers for the recent food crisis has been established above. Therefore this chapter will provide a deeper analysis of biofuels in general, starting by defining them and distinguishing the many energy carriers that are known as biofuels. This chapter will also serve as a bridge to the analysis of chapter five by providing the essential background information for the analysis, particularly explaining the importance of maize and the markets within the United States.  

4.1 Defining Biofuels

The FAO 2009, defines biofuels as “… energy carriers that store the energy derived from biomass” (p. 10). This means that biofuels can come in a variety of forms of biomass, which can be used to produce bioenergy. Examples include: food, fibre, wood, agricultural waste etc. As there are so many different types of biofuels, they can be identified by their origin and type. So they may come from sources such as forests, agriculture, fisheries or simply waste and may take the form of solids (such as charcoal and wood) or liquids (such as ethanol and biodiesel). A further division is also made between unprocessed (primary) and processed (secondary) biofuels (FAO 2008c). 

The term ‘biofuels’ has been used rather loosely in the previous discussion and taking the above definitions and distinctions into consideration, the term biofuels, as used in this paper, is herewith rectified to the focus on liquid (secondary) biofuels derived from staple energy crops.  

4.2 Liquid Biofuels

As determined above, this paper treats biofuels as liquid fuels used for transportation that can either be derived from cereals, sugar beet or cane in the form of bioethanol (or simply ethanol) or from vegetable oil in the form of biodiesel. In general, these types of biofuels can be used as a complete substitute to gasoline and diesel derived from fossil fuels or simply blended with their oil based counterparts. As a low blend, biofuels can be used in normal combustion engines of any automobile utilizing existing distribution infrastructures of oil companies. With adjustments to an engine up to 100 percent biofuels can be used in so called flexi fuel vehicles (Keyzer et al., 2008). 

Ethanol

Feedstock for the production of ethanol can be derived from any organic material with a considerable amount of sugar or materials, which can be transformed into sugar (for example starch or cellulose). In today’s biofuel market, ethanol is mainly derived from sugar utilizing, sugar cane and sugar beet, and from starch particularly making use of, maize, wheat and cassava. Biomass that contain sugar and can therefore be fermented directly into ethanol present the easiest way of producing ethanol and is the most widely used practice in tropical countries such as Brazil which dominates the production of ethanol from sugar cane. The production of ethanol in OECD countries, in particular the USA is dominated by starch inputs from cereals, in particular maize (FAO 2008c). 

The starchy products of cereals only represent a small fraction of the entire plant that is mainly composed of cellulose, hemicellulose and lignin. In order to exploit these underutilized parts of plants research for so called second-generation biofuels is underway. Theoretical it is possible to convert cellulose and hemicellulose into sugar that then can be transformed into ethanol; however currently there is no commercial production of this type of ethanol (FAO 2008c). Even very optimistic predictions (OECD 2008) for the introduction of second-generation biofuels do not see a launch before 2012.

As noted earlier, ethanol can be blended with petroleum or used in its pure form in adjusted combustion engines. Notably, a litre of ethanol holds roughly 66 percent of the energy that a litre of petroleum contains. 

Biodiesel 

The production of biodiesel is more complex then for ethanol. In essence a vegetable oil is combined with alcohol and a catalyst that results in a chemical process referred to as transesterfication. While biodiesel can be derived from nearly every oilseed plant, its production is dominated by the making use of rapeseed in Europe. Similar to ethanol, biodiesel can be blended or burned directly in diesel engines, however contains roughly 88 to 95 percent of the energy content that conventional diesel holds. 

4.3 The Rise of Liquid Biofuels: 

Production of biofuels, mainly biodiesel and ethanol, has increased dramatically since 2000. Ethanol production alone tripled over the period 2000 – 2007, with the US and Brazil being responsible for the bulk of this growth, while biodiesel output rose from roughly one billion litres to 11 billion litres over the same time span. The global production of ethanol is predicted to reach around 125 billion litres by 2017, which will constitute a doubling of ethanol production since 2007 (OECD/FAO 2008). 

Notable, within the United States, the largest producer of biofuels particular ethanol, the use of ethanol rose nearly sevenfold over the last ten years dragging with it world wide increases in biofuels. Production of ethanol increased by around 34 percent between 2006 and 2007 and then again by 42 percent between 2007 and 2008 (COB 2009). 

4.4 Subsidies and Mandates:

This rapid expansion in the biofuel sector, in particular ethanol, was lead by high oil prices and aided by continuing government support via subsidies in the United States and the European Union. As many biofuel mandates are less binding in the early years of their introduction then towards the end of their life-time, higher oil prices are currently driving maize prices whereas mandates are expected to reduce this effect significantly, making policy mandates the main driver for biofuel demand (OECD/FAO 2009). 

 In the biodiesel sector, growth in output occurred regardless of its economic feasibility, with prices “…expected to remain well above production costs of fossil diesel and to stay within the range of USD 104-106 per hectolitre” (OECD/FAO 2008; p. 23).  The expansion in the Biodiesel sector was only possible through subsidies and mandates from the European Union. 

In the United States ethanol blenders receive a tax credit of 45 cent per gallon ethanol blended into the supply of gasoline ensuring competitiveness with gasoline. This production subsidy is valid for domestically produced and imported ethanol. However the United States impose an import tariff of 54 cents per gallon as well as an ad valorem tariff of 2.5 percent on imported ethanol. As a result domestically produced ethanol accounts for roughly 95 percent of supply within the United States (CBO 2009).   

Due to its overall size and influence the US market is of particular interest. The Energy Policy Act of 2005 provided the US ethanol market with mandates through 2012 effectively expanding the quantity of biofuel production and use. The ‘Energy Independence and Security Act’ of 2007 ensure that subsidies will continue in the future by increasing the previous mandates and extending them through 2022. In essence this means that the use of biofuels in the US will mount at leas 20.5 billion gallons per year by 2015, which amounts for double the utilization of 2008 and an incredible 36 billion gallons by 2022 (CBO 2009). 

4.5 Maize Markets: 

Importance of Maize and the United States: 

While bioenergy is and always has been a major contributor to meeting the world’s energy needs: “… the big growth area in recent years has been in the production of liquid biofuels for transport using agricultural crops as feedstocks” (FAO 2008c; p. 13). As presented above, a large range of different plants can be used for the production of biofuels. However, three major sources can be identified, ethanol production from sugar cane in Brazil and from maize in the USA and biodiesel production from rapeseed in the European Union. 

Ethanol production constitutes by far the biggest sector within biofuel production, around 60 billion litres in comparison to roughly 11 billion litres of biodiesel in 2007 (OECD/FAO 2008). The United States represent the largest producer and consumer of ethanol with about 34 billion litres (RFA 2009). Due to this large and rising share in global markets and the fact that ethanol is mainly produced from maize in the United States, it is necessary to examine the impacts of biofuel production on maize markets, in particular within the United States. 

Maize as the fundamental input for the production of ethanol has the potential to outbid the demand for food when prices of oil are high enough and biofuel production is preferred over food production.  In 2007 ethanol production absorbed about 30 million out of a 40 million tonnes increase of total global maize production. Globally around 12 percent of global maize was utilized for ethanol production in 2007 (FAO 2009a). 

The United States represent by far the larges producer and exporter of maize (see figure 8). Ethanol production too is dominated by the US. Due to its immense size a focus on the maize market of the US is important as it can serve as an approximation for global maize markets. 

Figure 8: Top Producers of Maize Worldwide (Figure taken from FAO 2009d)
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The Congressional Budget Office (CBO 2009) estimates that prices for maize increased between 28 and 47 percent as a direct effect of increasing demand from ethanol production between April 2007 and 2008. This price increase took place, regardless of an increase in the production of maize. The United States recorded a record harvest of 13.1 billion bushels of maize during 2007 and 2008. Of which approximately one quarter was absorbed by the production of ethanol. In 2007 demand of maize from ethanol was already equal to the demand from exports (see figure 9). As the US is such a large player in the world maize markets as well as ethanol markets and increasing shares of maize production are absorbed by ethanol production, price rises for maize seem inevitable.
 Figure 9: US corn dmenad Decomposition (Firgue taken from Westhoff et al. 2007 p. 9)
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In addition the US mandates outlined above are predicted to bear considerable effect on land use within the United States in particular the maize and soybean sector. Keyzer et al. (2008) confirm this fact and predict significant relolocations of cropping patters. These again would affect world markets, as the US is a major exporter of maize. 

Linking Maize, Grains and Food: 

Having established the importance of maize, biofuels and the United States, it is necessary to link maize markets with food markets in order to analyse maize markets as a proxy for food markets. Following is a comparison between maize, grain and food markets. As no index for grains could be found, an un-weighted index has been created for grains, consisting of the means of the most important grain markets: sorghum, rice, wheat, maize and barley (FAO 2009b,c) yearly data from 1976 to 2008.

Graph 1: ROC of Maize and Grains (mean of Sorghum, Rice, Wheat, Maize Barley) 1976 to 2008 (Data Source IMF, Authors Calculations)
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Graph 1 shows the Rate of Change (ROC) of both, grains and maize markets. It is clear from the graph that both markets are very closely correlated, as they are moving in sync. Maize markets fluctuate more widely then grain markets. This fact is easily explained, as volatility is likely to be higher in a single market in comparison to an aggregate of markets. 

Graph 2: ROC of Food and Grains (mean of Sorghum, Rice, Wheat, Maize Barley) 1976 to 2008 (Data Source IMF, Authors Calculations)
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Grains are a significant input in overall food production and hence lead the price development in the food sector (FAO 2009a). Graph 2 shows the ROC of food and grains. Overall both food and grain markets seem to follow a similar pattern. Even though grain markets fluctuate more widely, which again can be explained by fact that food markets are an aggregate of a larger amount of single markets and hence are less volatile, a similar trend is visible. In addition, as grains make up the staple diet, especially of the poor (WB 2009a), grains will be used as a proxy for food, and maize as a proxy for grains. Hence in order to test the hypothesis of this research paper the analysis section will focus on maize as a proxy for food and its importance in the biofuel market. 

Chapter 5  
Analysis:

As established in chapter 3.5, 3.6 and 4.5, to understand how oil markets influence food markets through increasing demand for biofuels, it is critical to analyse the maize markets. In particular attention needs to be paid to the workings of the US maize market as the largest producer of both biofuels and maize respectively. This chapter will try to shed light on the connections between oil, biofuels, and food markets, by focusing on the analysis of the maize market. This chapter will do this by first testing the stylized facts and finally the research hypothesis as outlined by the research question (see 1.1) and conclude with the findings of this analysis. 

5.1 Disproportional Rise in Food Prices: testing world inflation, food markets and the case of maize

The following two sections will test the first stylized facts of this research paper, that a disproportional rise in food prices occurred during 2008/07 and prices have since then stayed above 2006 rates. This will be done by analysing food and maize market developments with respect to consumer price index (CPI), as well as non-fuel commodities. 
Food Markets: 

Graph 3 compares the rate of change of US CPI with the rate of change of the IMF food index on a yearly basis, from 1961 to 2008. US CPI has been chosen for this analysis for several reasons. First, it presents an accessible source of long term CPI data. Second, global inflation moves roughly similarly all over the world and thirdly, due to the world wide use of US dollars in calculating CPI, similar outcomes world wide can be expected. As an approximation of worldwide inflation, US CPI data will be used here. 

Graph 3: Rate of change of CPI in comparison to rate of change of Food from 1961 to 2008, in percent (Data Source IMF, Authors Calculations)
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Data for graph 3 has been transformed into ROC, revealing trend changes instead of levels, which would be difficult to compare. Positive changes show sudden shifts in upward price movements, whereas negative changes reveal the opposite. The data shows several interesting facts. Overall, high volatility of food price can be observed in relation to CPI developments, however in general food price increases seem to have been below inflation. The mean for the ROC of food prices in the period 1960 to 2009 is 3.7, whereas the mean ROC of CPI is 4.3. At the same time, high standard deviation of food prices of 14.3 (with the coefficient of variation being 3.9) and a relatively low standard deviation of 2.8 for CPI (with the coefficient of variation being 1.5) indicates this volatility. Furthermore, the food crisis of the 1970’s can clearly be identified with an extremely high sudden alteration in price changes. 
For this analysis however, the sudden rise of food above the ROC of CPI from 2006 onwards is of interest, as it represents the first serious change in rising ROC of food in comparison to CPI since the food crisis of the 1970’s. This positive trend is a considerable and important finding as it indicates a reversal to the dominant negative development of rate of changes since the food crisis of 1973. 

Maize Markets

Due to its possible influence on overall food markets and connection to oil markets via biofuels, changes in maize developments too need to be examined. For this two things will be done here. An analysis of the ROC of maize and inflation is followed by a comparison between non-fuel commodities and maize. 

Graph 4: Rate of change of CPI US and ROC of Maize 1998-2008, with indicating trend line for maize, in percent  (Data Source IMF, Authors Calculations)
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As for the rate of change of food, what is of fundamental interest to this analysis is the most recent period of food and CPI developments. From roughly 1998 onwards an upward trend in the rate of change for maize is notable. At the same time period however, rates of change of inflation have been relatively stable. 

It is clear from graph 4 that while previous to 2002 and for a short period during 2006, maize price changes have been below inflation. However following an upward trend overtaking inflation rates first in 2002 and then strongly in 2007 and 2008. The black trend line clearly depicts this development. This upward trend above the trend line in recent years confirms the existence of a real crisis in maize commodity markets. It provides the justification for studying this phenomenon as it shows the existence of a problem that seeks explanation. It also adds to confirm the first stylized fact of this paper.  

5.2 Developments in Maize and other World Commodity Markets 

To obtain a better understanding and stance of maize markets within world markets and their recent developments, graph 5 plots indexed (1980) non-fuel commodity prices with maize. Due to data limitations of the IMF non-fuel commodity index, this analysis starts with the year 1980. Nevertheless, interesting observations can be made. 

Graph 5: Quarterly Non-fuel Commodity Prices and maize Prices, Indexed final Quarter 1980 (Data Source IMF, Authors Calculations)
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With the exception of short-lived periods in 1983 and 1995 maize prices have on average trailed behind world non-fuel commodity prices. The notable exception of high maize levels in 1995 is explained by a reduction of 3 percent (about 58 million tons) in world cereal production in 1995. On this phenomenon the FAO (1996) states: “virtually all of the decline is due to the sharp reduction in coarse grain production in the United States” (p. 2). On the side, this is an interesting finding, as it shows the vulnerability of world grain, but also maize markets to output shocks of the US agricultural sector, and hence confirms the importance of analysing the US maize market with respect to the recent crisis. 

Graph 6: Close up: Quarterly Non-fuel Commodity Prices and maize Prices, Indexed final Quarter 1980 (Data Source IMF, Authors Calculations)
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While all non-fuel commodity prices experienced a boom from about 2002 onwards, maize prices overtook general non-fuel commodity prices from the third quarter of 2008 by roughly 17 percent (see graph 6). What is notable is that while the general commodity boom was not sustained in the long run, true also for maize price increases, maize stayed above non-fuel commodities until today. This analysis, of course does not predict the future, and could be in theory short lived as was the case on previous occasions, however it brings with it questions of a possible changes within the maize markets. Furthermore, as price levels stay well above previous trend levels, this analysis aids suspicion that price levels, while declining considerably, will stay above previous trends due to a potential shift in the market. This fact is in line with the second part of the first hypothesis, that price levels have been higher after the 2007/08 food crisis then before. 

Having established a case for the analysis of food markets in general and maize markets in particular, the focus of the following sections of the remaining chapter will shift towards the identification of trends, changes and important dates in the market for maize. 
5.3 Maize and Oil Markets: Absolute and Relative Changes 

To test the second stylized fact, that maize prices and by their extension grain and overall food prices have recently been rising dramatically due to high oil prices and a new dimension tying oil and maize prices closer together, the next two sections analyse absolute and relative oil and maize prices. 

The Story of Absolute Prices: 

Testing for a relationship between crude oil markets and maize markets is a crucial step in deeper understanding the workings of maize markets. This section aims to identify this relationship by looking at absolute and relative changes in both markets. Particular attention is paid to the influence of oil prices on maize price developments and their change in the most recent period. Inherently, a strong correlation here identifies, and reconfirms the assumption of the importance of oil prices for world maize prices and world food prices as their extension. 

Graph 7: Nominal Prices for Oil and Maize US Dollars (Data Source IMF, Authors Graph)
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Simply plotting absolute oil and maize prices, as done in graph 7 reveals an interesting observation. While oil prices have been very low and stable during the 1960s, similar to maize prices, the oil crisis in 1973 seemed to have had a substantial and lasting effect on oil and maize prices. Both commodities received a sudden upsurge in average prices, from which neither declined to its pre 1973 levels in absolute terms. Interestingly, a further rise in absolute oil prices, due to the oil price shock of 1979, did not have a substantial effect on maize prices, raising them only marginally. In fact, oil prices stayed the same and even increased slightly between 1973 and 2005, whereas maize prices, besides large shocks, declined during the same period (see graph 8). 

More specifically, the period 1980 to 1984 experienced a drop in the prices for oil, however maize prices did not decline but even increased in 1983. The next important date is 1995 where maize prices increased drastically, however oil prices stayed roughly the same. In other words maize and oil prices moved in the opposite direction from 1973 to 2005. This means that a possible de-coupling occurred between oil and maize priced during this period. 

Graph 8: Close up: Nominal Prices Oil and Maize US Dollars, with Trend-line (Data Source IMF, Authors Graph)
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These developments are of fundamental importance when compared to the period starting in 2005 until today. From 2005 onwards both, oil prices and maize prices increased strongly (see graph 9). Lead slightly by oil prices, maize prices followed to reach their heights in 2008 only to fall subsequently as the recent commodity boom ended. The important fact to notice here is that unlike previous episodes since 1973, oil and maize prices acted in sync since 2005. This new development suggests a change in the relationship between oil and maize prices since around 2005. Whereas the 1973 to 2005 period has seen rather little correlation between oil and maize prices, since 2005 this relationship seems to have increased. 
Graph 9: Close up: Absolute Oil and Maize Prices US Dollars Quarterly (Data Source IMF, Authors Graph)
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Graph 9 provides a close up view on the developments in absolute oil and maize prices. Even though absolute prices have relative little validity in a comparative sense, it is interesting how closely, both oil and maize prices move. The absolute number in this graph does not play any role, what needs to be taken into account is rather the change itself and the time of this change that seems to occur relatively simultaneously in both markets. For this to be examined closer the following section will deal with the rate of change in both oil and maize markets. 

Statistical Correlation of Rate of Change:

Table 1: Correlation of Rate of Change for Food and Oil, quarterly data (Data Source IMF, Authors Table and Calculations)
	Years
	ROC Correlation Statistics

	1960 -1972


	0.1055


	1972 -2004


	0.0016


	2004- Q1 2009


	0.4627


	Overall Correlation

1960-Q1 2009


	0.0662



Statistical testing for correlation, where 1 represents perfect and 0 no correlation, between the ROC of oil and maize has revealed interesting facts. As evident from table 1, the correlation of both commodities between the years 1960 and 1972 was 0.11, correlation in the years 1973 until 2004 was 0.002, while the correlation from 2005 until the first quarter of 2009 was 0.46. These facts are interesting indeed as they show that oil and maize prices seemed to have rather little correlation in the 1960s and next to no correlation up until the most recent period where correlation increased significantly. Overall correlation of the entire data set is 0.07 a figure that has clearly being pulled towards the low correlation between both commodities in the period 1973 to 2004. The low correlation for the period 1973 to 2004 also explain why maize prices where able to decline while oil prices stayed relatively high (see graph 8).
In essence the analysis of absolute prices for oil and maize and the statistical testing for correlation of ROC for both commodities and has reviled two interesting facts. First, similar movements of oil and maize seem to indicate a connection between the two commodities and second, the connection between oil and maize previous to 2005 has not been as pronounced as in the period afterwards. This indeed, confirms the first part of the second stylized fact of this research paper. 

Oil prices have increased drastically in 1973, 1979 and in the most recent period. As the correlation between oil and maize only increased drastically in the recent period, a new dimension ties maize and oil prices closer together, that has not been represented as strong before 2005. This confirms the second part of the second stylized fact.

5.4 Demand Side Causes

The hypothesis and hence related research question of this paper, that demand factors in the form of biofuel demand are the main causes for the rising prices during the food crisis of 2007/08 and their sustained relative high levels, will be investigated in the following sections. This will be done by analysing the special status of maize, followed by an investigation in land use changes since the introduction of biofuels. 
Food and the Special Status of Maize:

Graph 10: Rate of Change of Food vs. rate of change of Maize, 1960 to 2008, in percent (Data Source IMF, Authors Calculations)
[image: image17.png]—ROC Food

~=——ROC Maize

100

-40





Graph 10 depicts rate of change of food to rate of change of maize. Confirming suspicion, similar trends in maize developments are visible to those of the overall food market. The crisis of the 1970s is clearly visible in sudden positive changes of maize and food developments. Interestingly, volatility seems to be more pronounced in the maize market with stronger changes in both positive and negative directions. This again is confirmed by a higher standard deviation of maize 18.9 in comparison to food 14.3. The reference mean for maize and food is 4.7 (with the coefficient of variation is 4.1) and 3.7 (with the coefficient of variation of 3.8) respectively. As discussed in chapter 4.5 this higher fluctuation for maize is explained by generally higher volatility in single markets in comparison to aggregates.

Graph 11: Close up of rate of change of Food vs. rate of change of Maize, 2002 to 2008, in percent (Data Source IMF, Authors Calculations)
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For this analysis interesting movements between ROC of food and maize are clearly located in the recent period (graph 11). From about 2005 onwards, a stong positive trend is notable in food and maize developments. ROC of maize however, is steeper and more pronounced then changes in the ROC of food. This is a notable finding as it indicates that maize experienced stonger influences resulting in higher ROC then food prices for the same period. It confirms the special status of maize and the importance in analysing this market as it suggest that factors not so strongly feld in general food markets influence maize markets. It hence fuels the suspicion that the variable of demand effects due to biofuels have an effect on maize market developments and hence provides the foundation for analysing the hypothesis that recent maize price increases are driven by demand changes. 
5.5 Demand Effect: land use of maize and soybeans 
Having established an intensified relationship between maize and oil prices since 2005, the demand effects, through its substitution of biofuels, of oil and maize prices need to be analysed. If maize prices indeed rose mainly due to higher demand for maize, vs. higher costs due to higher oil prices and hence risen input costs, then considerable land use changes in the maize sector should be observable. 

World wide crop changes

Graph 12: World Total Harvested Area of Maize and Soybeans, in Hectare (Data Source FAO, Authors Graph)
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Maize and soybeans plantations compete traditionally for the same cropland (Keyzer et al. 2008). As cropland cannot be added at will, short-term substitution effects of land from soybeans for maize are likely. In this connection, it is notable that both harvested areas of maize as well as soybeans experienced positive growth since the 1960s (see graph 12). This is in sync with the rise in global food output over the same period. What is of interest here however, is not the overall trend, but the developments of the past view years. Unfortunately, due to unavailability of data, trends can only be analysed up until 2007.  Even so, an interesting observation can be made. While maize production received a clear upwards push around 2006 (more precisely a 6.5 percent increase to 2006) harvested area of soybeans declined at the same time (at around 7.7 percent) (Authors calculation, based on FAO data). These are astonishing facts. First, it is impressive that a 6.5 increase of harvested area of maize is matched so closely by a subsequent 7.7 decrease of harvested area of soybeans. Second, keeping in mind the fact that in 1995 a merely 3 percent reduction in the grain markets caused a drastic upwards movement of grain prices (see graph 5) (FAO 1996), it is impressive that maize prices did not decline strongly, but in fact increased in the year 2007 (see graph 13). In addition, the reduction in harvested area of soybeans indeed increased the prices for soybeans (see graph 12 and 13).  

Graph 13: Absolute prices 1960 to 2008 Soybeans, Wheat and Maize (Data IMF, Authors Graph)
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A very convincing and feasible explanation for the reason of simultaneously rising maize output and higher maize prices is that increased demand for maize outstripped the risen supply and hence forced upwards pressure on maize prices. In this case only the recent surge for biofuels can explain the increased demand for maize. 

Graph 14: Rate of Change of Harvested Maize Area and Harvested Soybeans Area, in percent (Data Source IMF, Authors Calculations)
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Graph 14 shows the rate of change in the maize and soybean sectors. It is notable that while harvested maize shot up in 2006, the ROC of harvested soybeans area declined drastically at the same time. This indicates that soybean areas indeed have been substituted for increased maize production.

United States Crop Changes

As the worlds largest producer of ethanol, maize and soybeans, particular attention needs to be paid to changes in the US plantings of both soybeans and maize. Not surprisingly, the worldwide theme of maize replacing harvested areas of soybeans is found too in the US. Graph 15 shows the developments of both crops since the 1960s. While soybeans steadily increased its prominence in the US by large gains in harvested areas, the year 2006 depicts a change in previous trends. In the same was as worldwide trends for soybeans and maize production, harvested area of maize rose drastically. Whereas the area for harvested maize increased between 2006 and 2007 by around 6 million HA, harvested area for soybeans declined by roughly 4 million HA. These are indeed strong correlations and large areas, considering that total planted areas of both maize and soybeans average 30 million HA in the United States. A simple back of the envelop calculation reveals that harvested area of maize increased by roughly 20 percent whereas harvested area for soybeans declined by about 13 percent (also see graph 16). These are indeed impressive changes, especially in connection that increased harvested area and hence supply in the maize market was fully absorbed and even outstripped by increased demand for maize, otherwise prices for maize should have fallen considerably and not risen as they did in 2007 and 2008 (graph 13). 
Graph 15: Total Harvested Area of Maize and Soybeans United States (Data Source IMF, Authors Graph)
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A quick comparison between graph 14 and 16 shows indeed a more pronounced change in the structure of the US market. As the biofuel sector in the United States is the larges in the world, the US is the biggest producer of maize world wide and maize is used predominantly in the US for ethanol production, at least two strong assumptions can be made. Higher demand for maize in the recent period comes from ethanol, and second this higher demand comes from within the United States. This fact in connection with the previous analysis of world wide harvested area of maize and soybeans confirms the third hypothesis of this research paper, that higher demand due to biofuels has been the reason for recent prices hikes. 

Graph 16: ROC Harvested Area Maize and Soybeans United States, 200-2007, in percent (Data Source IMF, Authors Graph)
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5.6 Findings:

Findings:

This analysis has first and foremost made the case for investigating the recent developments of world food markets and by its extension world and US maize markets. Starting of with revealing that food changed more drastically then inflation from around 2005 onwards the analysis found an increasing correlation between maize and oil markets, again beginning roughly by the year 2005. Interestingly, starting from 2005, the analysis of harvested maize areas has revealed a growing trend in maize production at an expense of harvested soybean area. This trend was particular strong within the United States, the leader of both world maize production and exports. 

This brief revival of the most important findings and their correlated dates of this analysis, reveals that the year 2005 has been an important date for the food market and in particular the maize market. The above findings tell the story of a changing commodity market.  High prices in the maize market during the 2007/08 food crisis might be the cause of both, higher input costs due to high oil prices as well as rising demand for maize from a growing ethanol industry. While the fact that planted and harvested maize areas increased drastically around the world and in particular within the US, cannot be explained by both factors. Higher input costs would rather then increase maize productions suppress its planted and hence harvested area size. As harvested areas, however have increased, the rising output seems to be encouraged by higher demand for maize for the production of ethanol. 

Chapter 6                                          Conclusions

Hunger is the most cruel sign of poverty as it painfully impacts the development, ability and future of the poor who already have nothing. The motivation for this paper lies in the desire to deepen the understanding of the causes and reasons behind the sudden upsurge in hunger around the world in 2007/08. Better known as the food crisis, millions have been plunged into acute poverty and hunger by this market-induced event. Suddenly rising prices of staple foods pushed previously affordable food out of reach for millions of people around the world. An analysis of the crisis and its causes might not eliminate high food prices and future price hikes, however, it possesses the possibility to rethink the workings of today’s food systems and suggest policy change for a better world. 

This paper has reviewed a large proportion of current literature with respect to the food crisis of 2007/08 and identified six main causes and reasons for the sharp increases in food prices. While it was not possible to analyze every cause in real detail, this paper focused on two interrelated triggers, namely, the increasing input costs from rising oil prices and increasing demand for food from rising biofuels production. The variable that distinguishes and connects these causes as triggers is their relationship to oil prices and their volatility. Rising oil prices have increased costs in the production of food since the ‘green revolution’. While biofuels are not a new phenomena, existing since the invention of the automobile, it is recognisable that their production has only intensified recently initiated by high and rising oil prices and policies that subsidise and protect biofuel production particularly in the EU and US. It is this connection within the reviewed literature that sparked a profound examination in the workings of biofuel markets and their relation to recent food price hikes. The basis for the hypothesis of this research paper was a result of this investigation and subsequently pushed forward the data analysis. 

The descriptive data analysis took ethanol as a proxy for biofuels and maize as a proxy for food, in order to test for a connection of demand changes in the food market induced by increased biofuel production. Based on Food and Agricultural Organization (FAO) and International Monetary Fund (IMF) data, the analysis confirmed that a significant change has occurred around 2005, in the food and maize markets, causing strong upward price movements that were not supported by overall inflation rates. The analysis revealed a rather weak connection between oil and maize markets in the past, particularly between 1973 and 2004.  However, the most recent period, from about 2005 onwards, was identified with an increasingly strong correlation between the two commodities. In addition, further analysis of the maize market demonstrated that while maize output rose drastically, in particular within the United States, prices too rose, suggesting that demand even outstripped the risen supply, in turn triggering the food crisis. These finding exposed a possible connection between oil and maize prices through biofuels, as only the recent rise in biofuel production have the intensity for the sudden turn in trends. 

In other words, the only feasible explanation for the sudden boost in demand for maize is demand stemming from biofuel production. By analysing cropping patterns of maize and soybeans, crops that traditionally compete for land, it was remarkable to see a strong increase in the production of maize at the expense of soybeans. This indicates an increase in demand due to an increase in biofuel production. An analysis of US cropping patterns revealed an even more pronounced result. Due to its large size and influence through exports, it seems likely that the US market is leading and directly influencing world markets of maize, soya and by their extensions, food in general. Furthermore, this means that it is likely that biofuel price policy within the United States has direct effects on world maize and soybean prices and indirect effects on world food prices in general. 

Examining the causes of the recent food price hikes has been done by a large number of individuals and studies. However, a comprehensive essay of its triggers in combination with a data analysis is still missing. It is here where this research paper proves its value, but also its limitation. Gaps in the analysis of the data, as well as data gaps themselves are restricting this study to a rather brief analysis of the underlying forces at play. For example, an analysis of ethanol production and maize production would have closed the circle and firmed the argument that biofuels caused the ‘demand’ induced food crisis in 2007/08, unfortunately a lack of available data hindered this investigation. Furthermore, the examination of maize, oil, biofuel and food markets has not been deep enough to prove connections and therefore calls for future research in this field. 

This study adds to the knowledge generation surrounding food price hikes and crisis. In particular, the findings presented here bring into question the policies of energy security in the European Union and the United States, which aims to raise biofuel production in order to substitute for roughly ten percent of gasoline consumption (FAO 2008c). In addition, the findings call into question the future long-term declining trends in food prices. As the change for recent biofuel demand has likely changed the relationship between oil and food prices, and biofuels are not likely to disappear but rather accelerate in production, oil and maize and with it food prices will continue to be closely related. Oil prices are expected to rise again over the next years, and stay high for the considerable future.  It is therefore unlikely to expect food prices to return to declining levels without a considerable change in biofuel demand.

The world produces more then enough food to nourish every person on this planet (UN 2008a). While it is necessary to rethink and revise the entire structure of the present food system in order to make it more fair and equal, small steps need to be taken first. One of those smaller steps is to alter current biofuel policies and general production. The demand for energy security gives no right to any nation to impose hunger and poverty upon millions of people around the world, least of all those nations that call themselves ‘developed’.
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Figure 2: (taken from UN 2009, p. 6)
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