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Abstract

In this article we discuss the impacts of futurergy prices and biofuel production levels on
agricultural market prices, production and trade present the results of a partial equilibrium
model of international agricultural trade with irdennected markets. The results of the
model suggest that the long term trend of declimieg agricultural commodity prices has
been reversed. A key result in this regard is thatprice of energy has become a major
driving force of agricultural world market pricdsor instance, in the period of analysis until
2016/18 the price of wheat can be expected to aseréy about 16 percent, 35 percent and 91
percent depending on an oil price of US$ 45, US&i7@® US$ 102 per barrel, respectively.
The 2016/18 baseline projection shows an increasetal world production from 10 percent
for wheat to 30 percent for oilseeds. Variationsmergy cost have the biggest impact on
sugar production in the EU, corn production in oAmerica, other grains production in
Brazil, sugar production in China, other grainsduation in Australia and corn production in
CIS. Increasing bioenergy demand has the biggesadcimon corn production followed by
sugar and oilseeds production. The impacts and ritapce of energy prices and biofuel
production for agricultural trade varies betweempmdities and regions. Future medium to
long term biofuel scenarios might change considgrdepending on the breakthrough of

different technologies and the support for diffeérgmpes of bioenergy production pathways.
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Introduction

For more than a century world agriculture was aotter&zed by an economic process which
has become known as the Agricultural Treadmill. iDgirthis time period, global food
demand grew at a rapid pace for essentially tweam® One was a rapid growth in world
population which quadrupled in just a century. 9@, 1.5 billion humans were living on this
planet. By 2000 this number had gone up to arourwlli®@n. The other was a significant

increase in per capita food consumption in todagls countries.

However, the growth in the global supply of foodstupped the growth in demand during
this period of time. Again there have been two maasons for this. One has been the
expansion of the agricultural acreage. This protegmn to slow down significantly during
the second half of the 2@&entury. The expansion of the agricultural acrezageby no means
come to a standstill, it has, however, slowed doWre other reason has become much more
important; namely productivity growth in world agpiture. In the 1960s and 1970s
agricultural productivity growth was so rapid thlaits period is now referred to as the Green

Revolution.

The result of these changes in global demand fdrsapply of food has been a long term
decline in real international agricultural commedgrices which, in turn led to structural
adjustments in today’s rich countries and a deafjragricultural work force. This is why this
process is referred to as the Agricultural Tread(myers and Anderson 1992). Farmers have

become ever more productive. Figuratively speakitiigy have run ever faster, but



economically they did not get very far because tiem& again the income effect of

productivity growth was eroded by declining prices.

The turn of the millennium marks a reversal of thegatrend of declining agricultural
commodity prices. Since then the growth in globandnd for agricultural commodities has
outstripped the growth in supply. As a consequetieefrend in prices has been positive. A
number of studies have analysed the different factontributing to the increase in food
prices at the beginning of the millennium (e.g. sti® 2008; De Gorter 2008). Other studies
(e.g. Banse et al. 2008, Miller et al. 2009, Hazeal. 2009 and Tokgoz 2009) focussed on
the implications of future energy prices and bibfur®duction on agricultural production and
land use changes. Those studies emphasise thealcritie of levels of energy prices and
biofuel production for future agricultural marketiges as well as production and trade
developments. While it is now the consensus iratirecultural economics profession that real
international food and agricultural commodity psaogill tend to increase in the decades to
come, the open questions are: to what extent acesplikely to rise, to what extent will
potential future developments of energy prices hioduel production contribute to higher

prices and what are the impacts on agriculturadlpcton and trade.

In the remainder of this paper, we will first rewi¢he reasons for higher prices in the new
few decades than in the past. In particular, wé aidicus the roles of the price of energy as
well as the extent of bioenergy production for intgional markets. This discussion draws
heavily on von Witzke et al. (2008) and Schwarzalet(2009). Then we will present the

results of a projection of world market prices @lested agricultural commodities for
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2016/18 and the potential impacts on demand, sugpty trade quantities in the EU. The
paper concludes with a discussion of the implicetiof our findings and factors which affect

future market developments.

Deter minants of global food supply and demand growth
In the first half of the 2 century, the global demand for food is likely wuble. About half

of the demand growth will be accounted for by atcwed rapid population growth (table 1).

Table 1. Global Population Growth, 1950-2050

Y ear Population (millions) Average annual population

growth (millions)

1950 2557 38
1975 4084 71
2000 6072 76
2025 7959 68
2050 9402 46

Source: US Census Bureau (2008).

The other half will be the result of per capitadme growth in developing and newly
industrializing countries which will result in agsiificant growth in food consumption. This is

exemplified for grain consumption in table 2.



Table 2. Changein Grain Consumption by Region, 1997-2025

Region Change in grain consumption (in million fons
China 192

India 92

West Asia and North Africa 77

Other Asia 107

Sub-Sahara Africa 100

Latin America 92

Developed countries 107

World 767

Source: Adapted from Runge et al. (2003).

The growth in global food supply is not likely tedp pace with the growth in demand for a
variety of reasons. One reason is that on a glsbale the land that is available for
agricultural production is limited. The most protive land is already being farmed. In many
parts of the world there are no major land resewieieh could be mobilized for farming.

Although there are significant land reserves in sagagions of the world, much of this land,
such as the tropical rain forests, should not ksl der farming for environmental concerns.
Von Witzke (2008) estimates that between 2000 &b@D2he world’s cropland could be

expanded by about 5 percent provided that agri@llitommodity prices are favorable. His
estimate is in line with findings by others (e. Hofreither 2005; IFPRI 2005). For the

production effect of this additional cropland it shle kept in mind that this land will tend to

be less productive than the land that was farmeédy at low prices.



According to FAO (Bruinsma 2003) there is amplepypf land around the world which is
considered “suitable” or “very” suitable for agrittiral production. However, these estimates
are grossly misleading at best, as they disredadvailability of water and other resources
for agricultural production. In addition some ofsttand is suitable only for a particular use.
For instance, FAO’s numbers suggest that Spainsigsficant areas of land which are
“suitable” or “very suitable” for agricultural prodtion. However, this land could only be

used for olive production, if at all.

Essentially the expansion of cropland can only $gessed realistically if the time dimension
Is included. Expansion of cropland requires noyauiitable soils but also sufficient amounts
of water, public and private infrastructure for rage, handling and processing, capital

investment, skilled farmers and so on.

The limited availability of agricultural land impis that the production growth necessary to
meet the world’s rapidly growing needs in the desaghead must come predominantly from
productivity growth of the land already being fadn@. g. von Witzke 2007; Runge et al.
2003). In the 1960 to 2000 period almost 80 percémglobal production growth was the
result of productivity growth and only around 2Gqent were accounted for by the expansion
of the agricultural acreage (Bruinsma 2003). Indeeades ahead, an even higher percentage
of the production growth around the world will haeecome from productivity growth (e. g.
von Witzke 2007 and 2008). Additional evidence rafreasing scarcity of agricultural land is
provided by the fact that globally per capita aafaility of cropland has declined from 0.4 ha

in 1961/63 to 0.25 ha in 1997/98 (own calculatibased on Bruinsma 2003).
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However, a sufficiently high productivity growth Wbe difficult to achieve. Since the times

of the Green Revolution agricultural productivisogith has been declining. From the 1960s
to the 1980s annual productivity growth in worldieglture averaged around four percent.
This number is now down to one percent with a camtig tendency towards further decline

(FAO 2008a and b; Pardey et al. 2007).

There are two central reasons for the decliningcaljural productivity growth. One is that
the law of diminishing returns also applies to agjtural research. That is, with its traditional
breeding methods agricultural research has inarggstcaptured the productive potential of
crops and livestock such that additional produttigains can only be realized by ever
increasing agricultural research investments. Titheras that exactly this has not occurred.
To the contrary, beginning in the 1980s when tleb gountries of the world felt that they
were awash with food, agricultural research hasnbeeduced significantly in the
industrialized countries where about 80 percemtgoicultural research takes place (Pardey, et
al. 2006). In general, there is significant undegstment in agricultural research, as
evidenced by the fact that the social rate of retaragricultural research is high (e. g. Alston

et al. 2000; von Witzke et al. 2004).

Land suitable for agricultural production is notetlonly natural resource constraint to
increasing food production, however. In the pastcafjural production growth has always
been paralleled by increased use of water for fagmWater is increasingly becoming a

constraint to production as well and acts to slow productivity growth (e. g. FAO 2007).
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Furthermore, global warming will affect agricultgignificantly. On balance, global production
is expected to decline, all other things being éqlibe tragedy in this regard is that the
poorest countries of the world tend to be locatedgro-climatic zones which will be most
negatively affected by global warming. These caasttend to be food deficit countries and
all too often they do not have sufficient foreigarrency reserves to buy enough food in
international markets. To make things worse, theaetries tend to have only rudimentary
agricultural research systems, making it diffictdt them to develop technologies which

would permit farmers to adapt to climate change.

In the rich countries of the world there has besigaificant growth in the demand for quality

components in food and agriculture. This also idekiprocess quality. Consumers in these
countries increasingly expect that the food they isunot only healthy and wholesome and
does not include residues of substances that msg @dnealth risk, but also that agricultural
production technologies are sustainable and preseatural resources. In essence, this
implies that agricultural research now has to oleséne additional constraints of sustainability
and natural resource preservation and — from aewdcperspective — rightly so. But in

essence, observing these additional constraintsaats to slow down productivity growth.

The public debate about high food prices in 2008 been fuelled by high energy prices and
biofuel production. As OECD (2006, 2008) rightlyips out, agriculture is a fairly energy
intensive industry. Tractors and other farm madtyineeed fuel. Energy is needed to dry

crops. And many farm inputs require a lot of enengyheir production such as synthetic



nitrogen fertilizers. For instance, the share argg in variable cost of US corn production is

around 50 percent (Doane 2008).
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Figure 1. Agricultural commodity prices and the price of crude oil, 2007-2008

Energy markets have changed significantly in thet f@w years. Despite the recent decline,
the expectation is for generally higher energygwim the future (U. S. Energy Information
Administration 2009). Higher energy prices, thussult in significantly higher cost of

production which acts to result in reduced productiThe close interrelationship between the

price of agricultural commodities and the priceenérgy is depicted in figure 1.

Agricultural commodity and energy prices have beearintegrated for another reason as
well and that is the production of biofuels. In@ieg energy prices increase production of
biofuels. Government programs which aim at incregdiofuel production by means of

subsidies, targets or other instruments also appehe correlated with the price of energy.



To the extent that biofuel crops are produced ol Mahich is suitable for food production
this acts to reduce the availability of food. Howevfor a variety of reasons the trade-off
between food production and biofuel production rhayess pronounced than it is sometimes
argued. More than 95 percent of the global biofueduction is based on solids for burning.
This includes wood, charcoal, animal manure anero#tgricultural by-products. Less than
five percent of bioenergy is liquid fuel, basedgrains, sugar cane, oil seeds and other crops
(FAO 2008c). In some cases the production of bisfadso results in high protein animal
feed such as oilseeds used as inputs in the pioduct biodiesel. Another by-product is
fertilizer in the production of biogas which hag thdded advantage of reducing agricultural

greenhouse gas emissions (von Witzke and Noleppa)20

In short, global food demand growth is likely tacegd supply growth. As a consequence real
international food and agricultural commodity psaogill tend to increase in the decades to
come. This is now the consensus in the agriculerahomics profession. The open questions
are: to what extent are prices likely to rise, toatvextent will potential future developments
of energy prices and biofuel production contribiastdnigher prices and what are the impacts
on agricultural production and trade. The followisgalysis presents the projection of world
market prices of selected agricultural commodifes2016/18 and the impacts on key crop

markets in main trade regions and countries.



International Agricultural Market Pricesin 2016/18
There are a number of empirical analyses whiclverat the result that food prices will be
higher in the future than they have been in thd.fagure 2 illustrates this for wheat. It
depicts the actual prices of wheat between thedtithe millennium and 2006 and the prices
projected by USDA (2007) for the 2007 to 2016 perids can be seen, the general tendency

is for a higher wheat price, although the priceease is rather modest.
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Figure 2. Themarket price of wheat (1999-2016)

Von Witzke et al. (2008) have developed a multioegnulti-market model of international
agricultural trade. They analyzed driving forcexbénges in agricultural world markets and
their implications for European Union agricultuor the time period 2003/05 - 2013/15. The
analysis considered population growth, changingl fpeeferences due to per capita income
growth, and bioenergy on the demand side and ptimitycgrowth and the availability of
crop land on the supply side. The results of thealysis are summarized in table 3. As is
evident, their analysis appears to support theirfgel by USDA (2007) and others in that
prices may be expected to be higher in the futiae they have been in the past, albeit only

modestly.
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Table 3. Real World Market Price Changes of Selected Agricultural Commodities,

2003/05-2013/15 (in percent)

Crop Per cent change
Wheat 14
Corn 30
Oilseeds 32
Other grains 13

Source: von Witzke et al. (2008).

However, their analysis is based on projectionsutib@mfuel production by OECD and FAO
(2007) which have turned not to be in line with #wtual growth in global biofuel production.
Moreover, their analysis is based on the assumpiianconstant energy price. As discussed
above, the consensus among energy economiststiththéimes of inexpensive energy are

over and that energy prices will be higher thathepast.

In the following, we will present the result of amalysis which is based on a regionally
disaggregated version of the model developed ineadier studies (von Witzke et al. 2008,
Schwarz et al., 2009). The model is an agricultunalti-region, multi-market trade model
developed to quantify the price, supply, demand retdtrade effects of various policy and
non-policy induced shocks. The model is based uffn principles of the VORSIM
modelling framework and its predecessor the Stefwrld Policy Simulation Modelling

Framework (Roningen 1986; Roningen et al. 1991¢ged by Jechlitschka et al. (2007).
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In this model each market in each region is charad by a Cobb-Douglas supply and
demand function. Each market is linked with othearkets through a set of cross-price
elasticities. The model is static and assumesdiiaestically produced and foreign goods are
perfect substitutes in consumption. Internatiomatlé is the difference between domestic
supply and demand in each region. The model isedldsy the assumption of market
equilibrium. This meandrade flows are such that world supply equals wddthand and that

total global exports equal total global imports.

The impacts of the different drivers of change gfiaultural markets are integrated in the
model through multiplicative shift factors in supphnd demand functions, an approach
commonly used in partial equilibrium models (segy.,eKazlauskiene and Meyers 1993,
2003; Cagatay et al. 2003). The implementation afudtiplicative shift factor allows for a

percentage change of the supply and demand qesntiépending on the specific impacts to
be analysed with the model. Supply shift factoesiarplemented in the supply function while
demand shift factors are implemented in food, faed energy demand functions of the
different commodities in each of the model regiohsnore detailed description of the model

and its specification can be found in von Witzkale{2008).

The model has been expanded to enable a moreedetatjional analysis of the impacts of
energy prices and biofuel production on crop makd@he model now explicitly covers
wheat, corn, oilseeds, other grains and sugar nsaddethe EU, France, Germany, USA,

Canada, Brazil, Australia, China, CIS and a redidest-of-the-World region. The base
12



period of our analysis is 2004/08 to reduce theaiotp of the price peaks in 2007/2008. Prices
are now projected to 2016/18 rather than 2013/1b 2015/17 in previous analyses. New
assumptions concerning bioenergy demand have larered based on data from the OECD-
FAO Agricultural Outlook 2009 — 2018 (OECD and FAD09) and FAPRI 2009 US and
World Agricultural Outlook Database (FAPRI, 2009)he price of energy is no longer
assumed to remain constant over the entire pefiadalysis. Rather it has been assumed that
the price goes up by 55 percent (which reflectsibprice increase from US$ 45 per barrel in
2005 and 2009 to US$ 70 per barrel in 2016/18, OE@D FAO 2009). The simulations
include a new base scenario for 2016/18 which demnsipopulation growth, changing food
preferences due to per capita income growth, amenergy on the demand side and
productivity growth and the availability of cropié on the supply side as well as an increase

in the energy price by 55.5 percent.

Table 4. Real world market prices of selected agricultural commoditiesin 2016/18

Market Pricesin base 2016/18 (US$/mt) Change (in percent)
period (US$/mt) base scenario

Wheat 225 304 35

Corn 152 274 80

Oilseeds 374 546 46

Other grains 127 185 46

Sugar 283 415 47

Source: Own calculations.

Table 4 exhibits the world market prices of selécdgricultural commodities for the base

period and for 2016/18 under the new base scemdnich will be referred to as the ‘2016/18
13



base scenario As is evident, capturing the swift growth in lieegy production and
assuming an increase in the price of energy draaibtialters the results. Rather than going
up modestly, prices under the new scenario risbdaiyween around 35 percent (wheat) to 80

percent (corn).

For the calculations in table 5 the 2016/18 baseato was modified to compare the impacts
of different energy price and biofuel productiorndks including a higher energy prices of $
102 per barrel, as predicted in the OECD 2008 oufla constant energy price at the
assumed base period level and, in the fourth stereaconstant level of biofuel production at
its respective base period level. As can be sedh, the price of energy held at the base
period level, the price increase is significantdwer. On the other hand, a higher energy price
results in large price increases. For instancdhénprice of wheat would increase only by
about 16 percent during the time period analyzed éhen the price of energy is held
constant at the base period level, while the wpaaé would increase by 91 percent under a

sharp increase of the energy price.

Assuming a constant biofuel production also lovibesprice increase, but to a smaller extent
than under a constant energy price. The excepsidhd corn price due to a high share of
bioenergy demand. This confirms that biofuel prduaunchas an impact on rising market
prices, but it in particular demonstrates thatghee of energy will be a major determinant of

the price of food in the decades to come.

14



Table 5. Price changesunder alter native scenarios (in per cent)

Market Pricesin 2016/18 2016/18 2016/18 2016/18 with
base period base with high with base period
(US$H/mt) scenario energy base period biofuel
price energy production
price

Wheat 225 35 91 16 27

Corn 152 80 163 52 40

Oilseeds 374 46 97 28 32

Other grain 127 46 85 31 32

Sugar 283 a7 98 27 28

Source: Own calculations.

Crop production in selected key countriesand regionsin 2016/18
It is now interesting to explore changes in supahd trade under the projected market
situations for these crops in the selected countied regions in 2016/18. First, we look at
changes in production starting with a more detdibedt at production impacts in the EU and

USA.

The changes in supply in the EU and USA under @16/A8 base scenario are shown in table
6. Despite the increase of energy costs in the /2816ase scenario crop production generally

increases in the EU and the USA. Only sugar procluat the EU experiences a small decline.

15



Higher market prices driven by population growtld &imgher feed demand offset the potential
negative production effect of higher energy cosiwklver, higher oil prices than the assumed
US$ 70, would change the results (compare withdiBeussion below — table 7). Corn and
oilseeds acreages are significantly expanded in tegfions, increasing competition with other
land uses and potentially increasing the pressorecm-systems services from semi-natural

land.

Table 6. Changesin Supply between base period and 2016/18

EU
Market Base period (k 2016/18 (k tons) Change (in
tons) base scenario per cent)
Wheat 134676 140324 4.19
Corn 57966 72049 24.29
Oilseeds 27634 39631 43.41
Other grains 149955 169191 12.83
Sugar 18535 18091 -2.39
USA
Wheat 53400 53745 0.65
Corn 294000 382077 29.96
Oilseeds 97103 121835 25.47
Other grains 314843 371565 18.02
Sugar 7174 9351 30.35

Source: Own calculations
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Table 7a. Changesin Supply under Alternative Scenariosin Europe (in percent)

Market 2016/18 2016/18 with 2016/18 with 2016/18 with
base scenario high energy base period base period
price energy price biofuel
production
EU
Wheat 4.19 -3,16 7.70 4.22
Corn 24.29 17,00 27.31 9.07
Oilseeds 43.41 40,82 43.23 35.35
Other grains 12.83 6,49 13.82 10.31
Sugar -2.39 -16,61 5.34 -4.06
Germany
Wheat 2.78 -5.53 6.76 3.17
Corn 26.20 13.39 31.74 7.80
Oilseeds 46.52 46.9 45.00 37.45
Other grains 13.01 6.11 14.22 9.59
Sugar -2.24 -16.29 5.41 -3.93
France

Wheat 7.13 1.79 9.66 6.40
Corn 19.55 9.63 23.89 7.09
Oilseeds 46.08 45.95 44.78 37.12
Other grains 8.49 0.01 10.63 8.10
Sugar -2.16 -16.27 5.51 -3.89

Source: Own calculations

Higher costs of energy use in crop production ldada decline in the supply of wheat and

17



sugar in the EU as a whole as well as in Germablgt7a). Wheat production still increases in
France although only by less than 2 percent. Thathrin corn and oilseed supply reflects
substitution in production. Corn and oilseed acesaye expanded at the expense of other crops
such as wheat and sugar. The importance of thgpéce is also evident from the production
increase on the EU sugar markets under low oiepafcdUS$ 45 per barrel. On the other hand,
the important role of biofuel production is parteuevident for the corn and, to a lesser
extent, oilseeds market. Without an increase irfukioproduction the increase in corn
production would decline from 26 percent to 8 petce Germany and 24 percent to 9
percent in the EU as a whole. This effect is masdysed by a substantially lower market
price for corn. The impact on the oilseeds markdess pronounced, as favourable relative

prices partly offset the impact of the lower biogyedemand at base period level.

Similarly to European crop production, higher egeapsts result in a decline in wheat
production in the USA and reduce production inagsasn other crop markets (table 7b). In
addition, Canadian oilseeds production decreasesiceeased oilseeds demand is satisfied by
main oilseeds regions such as the USA and BrazlbvAenergy price at base period level
generally increases crop production in both regidiee impact of different energy costs is
especially reflected in the production changes len €anadian oilseeds and sugar markets.
Changes in oilseeds production vary from -3 perter25 percent depending on the assumed
energy price. In the US constant bioenergy demariieabase period level leads to smaller
production increase on corn, sugar and oilseedgeatsarreflecting their use as feedstock for
biofuel production and to small substitution effeftbm corn, oilseeds and sugar production to

wheat and other grains production, in comparisdhéd®016/18 base period.
18



Table 7b. Changesin Supply under Alternative Scenariosin North America (in percent)

Market 2016/18 2016/18 with 2016/18 with 2016/18 with
base scenario high energy base period base period
price energy price biofuel
production
USA
Wheat 0.65 -7,71 4.57 4.25
Corn 29.96 22,51 33.95 17.14
Oilseeds 25.47 23,70 26.53 22.53
Other grains 18.02 14,44 20.07 20.31
Sugar 30.35 21,98 33.50 22.23
Canada
Wheat 4.15 -4,29 8.00 4.02
Corn 21.73 11,17 27.33 13.27
Oilseeds 15.95 -2,85 25.38 12.67
Other grains 24.37 19,67 26.76 20.62
Sugar 22.23 9,22 27.95 17.42

Source: Own calculations

Higher energy costs generally reduce expected ptimtuincreases in 2016/18. This impact is
particularly evident on the other grains market88mzil and Australia, the sugar market in
China, and the corn in CIS (table 7c). The excepisothe oilseeds production in Australia,
where the production increase further rises frompéBcent 51 percent due to favourable
changes in relative prices compared to other clopser energy cost at the base period level

change the production impacts on Australian caymf#26 percent with a high oil price to +41

percent and from +13 percent to +29 percent ocdhe market in CIS.
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Table 7c. Changesin Supply under Alternative Scenariosin other regions (in per cent)

Market 2016/18 2016/18 with 2016/18 with 2016/18 with
base scenario high energy base period base period
price energy price biofuel
production
Brazil
Wheat 7.17 -0,66 11.24 7.27
Corn 38.62 35,08 40.83 23.93
Oilseeds 28.63 24,36 30.55 24.62
Other grains 6.92 -5,27 13.12 9.68
Sugar 32.40 29,04 33.32 23.74
China
Wheat 8.48 0,67 12.36 7.15
Corn 28.87 23,87 31.78 16.77
Oilseeds 23,75 20,66 25.19 19.05
Other grains 16,92 12,18 19.38 15.81
Sugar 22,23 9,22 27.95 17.42
Australia
Wheat 13,24 9,92 14.36 13.07
Corn 35,63 26,41 40.57 18.52
Oilseeds 42,86 50,85 39.96 33.76
Other grains 11,21 -2,76 18.08 13.03
Sugar 31,93 25,71 34.29 23.40
CIS

Wheat 17,32 11,41 20.47 15.85
Corn 23,65 13,25 29.17 13.55
Oilseeds 36,71 35,66 37.27 31.35
Other grains 22,65 20,74 23.75 18.82
Sugar 23,35 12,90 27.95 18.50

Source: Own calculations
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Constant bioenergy demand at base period levetesdexpected increases in corn and sugar
production in Brazil from 39 percent to 24 percantl 32 percent to 24 percent, respectively.
The projected increase in corn production in Clideareases from 29 percent to 17 percent,
while corn production in Australia increases only 19 percent instead of 36 percent. In
addition, the increase in Australian oilseeds petida is reduced from 43 percent to 34

percent.

Overall, the 2016/18 baseline projection showsnaneiase in total world production from 10
percent for wheat to 30 percent for oilseeds aedrafine with recent OECD projections of
production increase by 10 - 40 percent on agricalltnarkets until 2018 (OECD-FAQO 2009)..
Variations in energy cost have the biggest impacttsagar production in the EU, corn
production in North America, other grains productia Brazil, sugar production in China,
other grains production in Australia and corn piithn in CIS. Increasing bioenergy demand

has the biggest impact on corn production followgdugar and oilseeds production.

Tradeimpactsin selected key countries and regionsin 2016/18
Generally, comparing demand and supply changesyasgts show that development of
supply lags behind the growth in demand on mosp emarkets. Corn and sugar are the
exception in this regard. The discussion of trad@acts of increasing energy prices and
biofuel production focuses in this paper on exammé selected regional wheat, corn and

oilseeds markets. Figure 3 compares the net trasiéign on the wheat market.
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Figure 3. Net trade position on the wheat market under alter native scenarios

The projection of the 2016/18 baseline shows tbpply lags behind the growth of demand
on the EU wheat market (figure 3). The decline @t trade further expands with higher
energy costs. Without the increase in biofuel potidm, the decline in net trade is
substantially smaller and a comparison with th&ade without the increase in energy prices
suggests a stronger impact of biofuel productionneh trade on the EU wheat market.
However, the outcome of this comparison stronglyeshels on the level of the implemented
oil price and biofuel production in the 2016/18 édage. The changes in net trade on the US
wheat market are similar, although at larger alisolavel. Net trade of Canadian wheat
benefits from higher market prices and the Canadia@at market turns from a net-importing

into a net-exporting market.
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Figure 4. Net trade position on the corn market under alternative scenarios

Figure 4 shows the dominant impact of increasimjuel production on the US corn market.
The US corn market becomes a net-importing markallithree scenarios which assume an
increase in biofuel production, with only small iaiions depending on the level of the energy
price. Simulating the 2016/18 projection without amcrease in biofuel production
substantially increases net trade on the US comkehaln fact, higher energy costs have a
small positive impact on net trade on the Brazil@rn market reflecting a competitive

advantage of corn producers in Brazil.
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Figure5. Net trade position on the oilseeds mar ket under alter native scenarios

The increase in biofuel production in the 2016/18jgxtions is the main determinant for
changes in net trade on the German oilseeds masdtkdcting that Germany is the leading
biodiesel producer in the EU. The increase in labfproduction increases net imports
independently from the level of energy prices (feglb). Without an increase in biofuel
production net imports are reduced. At EU leveléweer, the impact of increasing biofuel
production is less important. Higher market priceweh by higher oil prices reduce oilseeds
feed demand in the EU and thus reduce net-impbigs.trade on the US oilseeds market
benefits from higher market prices and higher faod feed demand on the Chinese oilseeds

market. A higher market price in the 2016/18 basefrojection leads to bigger production
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increases which balances additional bioenergy ddnranomparison to the scenario without
an increase in biofuel production and leads taralai net trade level. Higher energy prices
reduce net exports of Brazilian oilseeds. Withaut encrease in energy prices in comparison
to the base period increased production due tcehigtarket prices balances higher food, feed
and bioenergy demand and net exports remain amgasilevel as in the base period. A

similar situation occurs without an increase infloéb production.

Overall, from an EU and US perspective, the 201&/Ad8eline projection has negative trade
impacts on the corn and wheat markets in the UStlamdvheat market in the EU. On the
other hand, net exports improve on the oilseedsoéimel grains markets in the US (as well as
a reduction of net imports on the US sugar market) net exports rise on the EU corn, other
grains and sugar markets. The impacts and impatasfc energy prices and biofuel
production for agricultural trade varies betweemomdities and regions. Energy prices are
more important for net trade on corn and oilseedskats in Brazil and the wheat market in
Canada. Biofuel production is the main determir@énthanges in net trade on the US corn
market as well as a major driver of net trade an@erman oilseeds market and the Brazlian
sugar market. Substantial increases in net importfe corn, oilseeds, other grains and sugar
markets increase provide new export opportunitiesifain exporting regions such as the US

(oilseeds) and CIS (other grains).
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Conclusions

In this paper we have analysed the determinantiseoflobal demand for and supply of food
and their impacts on international agricultural kearmprices, production and trade in the EU,
USA and other key agricultural trade regions. la ttecades ahead, global food demand is
likely to outstrip the growth in supply. As a cogsence, the price of food can be expected to
be higher in the future than it has been in the. pEse demand growth will occur almost
exclusively in today’s developing and newly indigdizing countries. This will significantly
change the international agricultural trade flowes ¢g. von Witzke et al. 2008; Bruinsma
2003). The poor countries of the world who onceenagt food exporters have now become
net food importers and the food gap of the poonties is expected to quintuple in the first
three decades of the 2tentury (Bruinsma 2003). This together with insirg prices of
agricultural commodities and food is a cause fanceon for both world food security and

agricultural greenhouse gas emissions.

The results of our analysis suggest that the pfaenportant agricultural commodities will

rise from 35 percent to 80 percent until 2016/1Be Bingle most important determinant of
price increases turned out to be the price of gndtgce increases in the order of magnitude
suggested by the results of this analysis hav@adltential to result in grave consequences for

the world’s poor who live on the equivalent of d8$ a day or less.

Overall, the 2016/18 baseline projection showsnaneiase in total world production from 10
percent for wheat to 30 percent for oilseeds. \fiama in energy cost have the biggest impact

on sugar production in the EU, corn production ortN America, other grains production in
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Brazil, sugar production in China, other grainsduation in Australia and corn production in
CIS. Increasing bioenergy demand has generallybilygest impact on corn production
followed by sugar and oilseeds production. Tradpaats of the 2016/18 baseline projection
are mixed for the EU and US. Positive trade impaats be identified on the oilseeds, other
grain and sugar markets in both regions as wealnathe EU corn market. Biofuel production
Is the main determinant of changes in net tradéhenUS corn market as well as a major
driver of net trade on the German oilseeds markdtthe Brazlian sugar market. However,
the impacts and importance of energy prices antudligroduction for agricultural trade
varies between commodities and regions. Substantatases in net imports on the corn,
oilseeds, other grains and sugar markets provideax@ort opportunities for main exporting

regions such as the US (oilseeds) and CIS (otlzengr

The projected increase in global crop productioowshthat current productivity growth rates
are not sufficient to satisfy food demand in 20&8.en that natural resources for agricultural
production, including land, water and fossil enemge limited, higher productivity growth in
world agriculture is the key to the production gtbwecessary to meet the growing needs of
the world’s population. Productivity growth is alsaucial for the reduction of agricultural

greenhouse gas emissions resulting from the coioveos$ forests and pasture into cropland.

The realisation of the projected large productiooreases on the EU corn and oilseeds
markets strongly depend on the availability of &ddal agricultural land for crop production.
In the absence of significant substitution effant@gricultural production it is unlikely that

large amounts of additional land would be availdblecrop production in the EU. In fact,
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growing competition between agricultural land usel anature conservation and housing
demand could further reduce the amount of landlavai for agricultural production in the
EU. In addition, demand outgrowths supply on ottrep markets such as wheat, reducing
EU net exports to the world market. The resultshes study already project an increase in
crop production in the Rest-of-the-World region,iethincludes developing countries, from
15 percent (wheat) to 36 percent (oilseeds). Fugh#ts of agricultural production from the

EU to other regions could increase the pressufeashproduction in developing countries.

Many developing countries have a significant adtical production potential but are far
from realizing it. Making productive technologiesch as modern seed varieties, synthetic
fertilizer and crop protection available for farmén developing countries has the potential to
reap benefits quickly, in particular if they arergdbeled by agricultural extension education
services as well as a sound macroeconomic and argneolicy and a liberal agricultural
trade policy. These investments will only be unaleenh if the economic, political,
institutional and legal environment is such thatowation in agriculture is encouraged.
Increasing agricultural research and education siments now is crucial for achieving
productivity growth in the future. Research suggéisat it may take between 25 and 50 years

for such investments to fully pay off for socieBafdey 2009).

However, the modelling results strongly depend ssumed increases in oil prices and
biofuel production. To highlight the impacts of \ions in oil prices different scenarios with
different energy price levels have been analysddclwconfirm the important role of oil

prices for agricultural production and trade. Asptions in relation to future biofuel
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production strongly depend on future developmentbmffuel policies. Current biofuel
production is largely driven by policy mandates #&adjets as well as other specific support
measures such as tax cuts and changes in biofli@epawill thus strongly affect the demand

for agricultural crops for bioenergy production.

The implemented shift effects for increasing bidvfo®duction in the EU are smaller than in
previous analyses reflecting a more conservatiitooki for biofuel production Germany.
Recent changes in biofuel policies in the EU, elganges in tax cuts and reductions in
biofuel quotas in Germany, could also indicate thin&ing of policy support strategies for
biofuel production (BMU 2008, Schwarz 2009). Futureedium to long term biofuel
scenarios might change considerably depending @brimakthrough of different technologies

and the support for different types of bioenergyduction pathways.
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