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Abstract: This article analyses grain production and prices 1961-2014. We first describe the development in aggregated and relative
allocation of land worldwide for wheat, corn and soybeans, and the growth in production volumes and yields. We then proceed by
analyzing long-term price relationships. Finding that grain prices are strongly co-integrated, we estimate an Error Correction Model
to see whether deviations from the long-run equilibrium are quickly adjusted. Furthermore, we investigate whether changes in land
allocations for these principal field crops are best described as a continuous process or as a series of structural breaks, hypothesiz-
ing that events like the introduction of GM technologies and the “energizing” of corn after 2005 caused structural breaks in acreage
shares and relative prices. Given the major and sometimes dramatic political events and technological changes during this period,
one would expect to find significant structural breaks in grain production, yields and prices. However, our main conclusion is that
grain markets generally adjust smoothly and continuously. Prices adjust quickly towards long-run equilibrium, and the results from
a series of Chow tests indicate that the changes in relative land allocations have progressed as a relatively smooth process with few
structural breaks.
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Introduction

This article is a contribution to the understanding of long-
run trends and structural changes in grain production and
prices. We discuss global developments for three principal
field crops, namely wheat, corn, and soybeans. Analyzing
production, prices, yields, and long-term land allocation over
more than half a century (1961-2014), we try to capture changes
from one harvest to the next, leaving the short-term movements
within the marketing year aside. Our focus is fluctuations in
production (metric tons, MT hereafter), acreage (hectares, Ha
hereafter), prices and yields (MT/Ha).

Empirical analyses of commodity markets often deal with
relatively short horizons. A few years of monthly (or weekly
or daily) observations are used as input in econometric models
in order to test out hypotheses related to market behaviour and
price dynamics. Such studies are, obviously, highly relevant
for decision makers. Still, such short-term horizons should be
supplemented with studies that cover the longer run and using
observations with lower frequencies in order to capture trends
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and possible structural breaks. Such breaks may be identified
as “anew era”. As pointed out by Zulauf (2016) in his study of
factors affecting long-term corn and soybean prices, economists
often disagree on what constitutes a new era, see e.g. Irwin
and Good (2009, 2016) on whether recent years can be defined
as the introduction to a new era of higher agricultural prices.
Using recent data on e.g. relative prices and volatility may
occasionally result in near-sighted conclusions. Psychological
myopia is a well-known trait in human judgements, as we
often seem to believe that the recent past represents something
completely new or different (see e.g. Hsee, Yu et al. (2003)
for a survey).

Wheat, corn and soybeans play a central role in societies
worldwide in terms of nutritional content (energy, protein).
Grains also represent a major commodity in international trade.
Wheat was one of the first domesticated food crops, and is a
major diet component in the civilizations of Europe, West Asia
and North Africa. Historically, no commercial crop has been as
widely grown or heavily traded. Corn and soybeans have many
uses, including human consumption, but today their primary
use is as feedstock in meat production (pork, beef, chicken).
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With the introduction of the Renewable Fuel Standard (RFS)
through the US Energy Policy Act of 2005, corn has also
become a major input in the production of biofuels'.

Looking back, the previous decades have been characterized
by globalization, dramatic political events, and significant
technological innovation in the field of agriculture. Our article
aims to identify whether events like wars, economic recessions,
political reforms, and technological changes influence
adjustments to agricultural by causing structural breaks in
relative land allocations, prices and risk. Focusing on some of
the events that pertain specifically to agriculture, we employ
formal tests where the null is in favour of the primer, i.e.
continuity. This research question is relevant in two dimensions.
First, a large part of the global population relies on grains as
the main part of their staple diet, which means that variations in
production and prices of these commodities can come at great
human cost, especially in poorer nations. Second, virtually all
economies trade in food, which means that dramatic changes
in grain production and prices may lead to trade bill effects of
significant magnitudes.

Concerns about rising food prices and commodity price
variability are widely recognized in the literature. Wright
(2011) discusses the economics of grain price volatility and
the importance of understanding the relationship between
consumption, available supplies and stocks. Other relevant
studies include Gilbert and Morgan (2010) who examine
historical food price volatility; Radetzki (2006) analysing recent
commodity booms, and Jacks (2013) who takes evidence on
real commodity prices and discusses long-run trends, medium-
run cycles, and short-run boom/bust episodes in a very long
perspective. There is also a large body of literature on whether
the recent influx of index trackers and financial investors have
had an adverse effect on the functioning of commodity markets.
Haase, Zimmermann et al. (2016) review this literature in
a recent survey, and find that the results from analyzing
speculation and its impact on commodity futures markets are
mixed.

The contribution of this article is a survey of the development
in relative allocation of agricultural land worldwide for wheat, corn
and soybeans, and the growth in production and yields since 1961.
To our knowledge, we are the first to study the dynamics of land
allocation, production, and yields for the major grains on a global
basis. We further examine long-term price dynamics and risk, and
investigate whether changes in land allocations for these principal
field crops adjust continuously. Specifically, we perform a series
of 1-step ahead Chow tests to see if whether major political events
or technological changes manifests themselves as structural breaks
in grain production. Through this approach, we seek to present
empirical evidence on how producers adjust to

1 The RFS requires a minimum annual quantity of ethanol con-
tent in gasoline, and the bulk of US ethanol is produced from
corn. This new source of demand has been claimed to have
caused a permanent increase in world corn prices (Carter, C.,
et al. 2012), and thereby influenced the price and production of
other agricultural commodities as producers have reallocated
land to corn production and away from other crops.
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external events and changing consumer preferences. We also
study the long-run relationship among grain prices.

The remainder of this article is organized as follows. Section 2
gives an overview of important global events which are likely to
have influenced price dynamics and land allocation among the
main grains, and consequently impacted global grain production.
Section 3 presents the data, while section 4 gives some stylized
fact on grain production and prices. In section 5, we look at long
run equilibriums and short-term price adjustments in the grain
markets, while section 6 tests for structural breaks in land use.
Section 7 offers some concluding remarks.

MATERIAL AND METHOD
A historical flashback

From 1961 through 2014, a number of important events took
place in the world economy and in international trade, events that
presumably had significant impacts on the production and trade
in agricultural commodities. One such event was the collapse of
the Bretton Woods system, which dissolved between 1968 and
1973 (IMF). Virtually all standardized contracts on agricultural
commodities are priced in US dollars. While many feared that the
collapse of the Bretton Woods system would destabilise the global
economy, the transition to floating exchange rates turned out to be
a blessing. When oil prices surged in 1973, floating exchange rates
to some extent helped alleviate the impact of this external shock
for many economies. The oil crisis in 1973 arose when the Arab
members of the Organization of Petroleum exporting Countries
(OPEC) proclaimed an oil embargo against the United States. The
embargo was a response to American involvement in the 1973
Yom Kippur war, and extended to other countries that supported
Israel in this conflict, including the Netherlands, Portugal, and
South Africa. By the end of the embargo, global oil prices had
quadrupled, and US oil prices were even higher. Energy is a
major input in agricultural production through channels like
farm equipment, fertilizer production and processing, packaging
and transportation. One would expect changes in energy prices
to have an impact on grain prices, and also on relative land
allocation in global grain production. Wheat, and even more
so corn, requires substantial amounts of nitrogen fertilizer in
order to obtain high yields, while the soybean is a legume and
can use the nitrogen in the atmosphere for plant growth. The
second oil crisis of 1979, which began with a decrease in oil
output due to the Iranian revolution, also resulted in widespread
panic and elevated petroleum prices. An outcome of these events
was a growing political willingness to reduce protectionist trade
barriers like tariffs and subsidies. In particular, several countries
came together on this subject through the General Agreement on
Tariffs and Trade (GATT), and even though agriculture is still
the most heavily protected sector in world trade, these changes
in the political climate also affected agricultural trading. Given
these political and economic events, one would expect to find
structural breaks in global grain production and relative prices
during the 1970s.

During the 80s and 90s, the global marketplace grew
substantially as a number of centrally planned economies opened
up towards free trade (or less protection in trade). Most notable in
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this context is the collapse of the Soviet Union, which was formally
disbanded on December 26, 1991. Agricultural production in the
former Soviet Union generally suffered from low productivity
due to inefficient rural management, complex socially oriented
problems, and cumbersome and confusing agricultural policies.
These problems were obviously not solved overnight, but dramatic
improvements had taken place by the end of the millennium. By
2014, the Russian Federation had become the 4th biggest exporter
of wheat globally, which is reminiscent of the region’s golden era
prior to the First World War when Russia was the world’s largest
wheat producer and exporter. In 2016, Russia became the world’s
biggest exporter of wheat for the first time in modern history,
with some 30 million MT.

Parallel to these major events in the global economy and politics
there were significant developments that pertain specifically to
the grains sector. New varieties and more efficient production
methods contributed towards a significant increase in yields.
World cereal production doubled in the time period 1960-2000
(Tilman, Cassman et al. 2002), and this growth was predominantly
caused by increasing yields due to improved agronomic practices,
including more optimal use of fertilizer, water and pesticides,
new crop strains, and other technological advances. From 2000
onwards, there has also been rapid growth in the use of genetically
modified varieties (GM)*. Though controversial in some parts of
the world, the use of GM technologies is widespread in corn and
soybean production, and has contributed towards more efficient
production of these crops. The widespread adoption of GM varieties
likely comes from improved profitability over traditional methods.
Other factors like producer flexibility, consumer preferences, and
farmer attributes and perceptions might also influence adoption
(Fernandez-Cornejo and McBride 2002). Looking to the US,
GM varieties are now dominating the market for both corn and
soybeans; the adoption of GM crops is approaching 100% of
planted acreage, see figure 1. As can be seen, GM varieties were
introduced around the turn of the century, and their use increased
rapidly. For soybeans, the relative GM share grew from about
50 to almost 90% between 2000 and 2006. Likewise, corn GM
acreage grew from some 25% in 2000 to more than 80% by 2008.
One would expect to see such fundamental technological changes
reflected in e.g. relative prices of corn and soybeans versus wheat,
where GM technologies has yet to be introduced.

Figure 1: GM corn and soybean varieties as percentage of planted acres of the
respective crops, United States, 2000-2015. Source: USDA, National agricultural
Statistics Service, June Agricultural Survey for the years 2000-2015.
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Another driving factor behind the increase in agricultural
production has been expansive government policies and the
cultivation of new land, in particular in Brazil. Annual
soybean production increased by nearly 2 000% 1968-1997, in
part due to the government providing fixed nominal rate loans
for equipment and operating expenses, as well as subsidising
tractors and fertilizer (Frechette 1997). Furthermore, the
Cerrado, a vast savannah that stretches for more than 1
000 miles across central Brazil, has been transformed from
infertile land to a prosperous agricultural region by adding
appropriate proportions of phosphorus and lime to the soil.
Researchers developed tropical varieties of soybeans to make
this crop suitable for the Amazonian region, and there has
been massive agricultural expansion in Mato Grosso, which
is the main production area for soybeans in Brazil. According
to Arvor, Meirelles et al. (2012) the net area used for soybean
production in Mato Grosso expanded by 275% from 1992 to
2012. Soybean yields in Mato Grosso (3.08 tons per hectare)
were estimated to be 17% higher than the Brazilian average
(2.63 tons per hectare) in 2009. The increase in yields were
largely caused by improved agricultural management practices
like double cropping and no till farming, better soil and water
management and more efficient use of fertilizer. This region
also produces large amounts of corn, and the land allocated
to corn crops expanded by a fivefold during the same period.
Simultaneously, yields increased by 56 and 117% for soybeans
and corn, respectively.

The turn of this century was characterized by growing
demand for a number of key commodities, including
agricultural products. Rapidly increasing commodity prices
in 2006-08 and 2010-11 can, at least in part, be explained
by this (unexpected) growth in demand in conjunction with
tightening supplies. Some also suggest that monetary expansion
and exchange rate movements following the financial crisis
were central explanatory factors of the commodity price boom
in 2007-08. A good overview of macroeconomic factors that
likely contributed to the price spike in 2008, is given in (Pies,
Prehn et al. 2013).

Another important development is the American political
aim of promoting energy independency and environmentally
friendly technologies through increased ethanol production. The
US Energy Independence and Security Act of 2007 stipulated a
near doubling of mandated ethanol use. Fortenbery and Park
(2008) find that growth in ethanol production is important in
explaining corn price determination. According to estimates
by Carter, Rausser et al. (2012) the 2007 expansion in the
Renewable Fuel Standard caused a 30% increase in world corn
prices. Both articles also discuss the considerable expansion in
ethanol production capacity that occurred between 2005 and
2007. Abbott (2013) presents figures that document a large
and persistent new demand from corn from this industry;

2 GM refers to any organism where the genetic material has
been changed through genetic engineering techniques. In
agriculture, the DNA of various crops is typically altered to
obtain resistance to pest and diseases, to be grown in differ-
ent climates, or to be resistant to certain chemical treatments
(typically some herbicide).
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The amount of US corn used in ethanol production increased
from 12.4% in crop year 04/05 to over 38.5% in 10/11. The demand
from the biofuel industry has remained at this high level. Again,
one would expect effects on acreage allocation and relative prices.
Summarizing, global grain production has been exposed to major
economic, political and technological “shocks” over the past 54
years. It appears reasonable to expect that these shocks would
cause dramatic and tangible effects on production, land allocation
and relative prices. On the other hand, farming has a long history
of adapting rapidly to changing production conditions. The next
sections of this paper will elaborate on this issue.

DATA

We focus on wheat, corn and soybeans because these
commodities are chiefly grown in the same temperature zones,
and thus compete for the same land resources®. Beyond being
substitutes in production, they are also to some extent substitutes in
consumption, in particular when used for animal feed. That corn,
wheat and soybeans share a number of common factors becomes
evident when we study their price history. We will illustrate and
discuss how the three commodities share similar cycles and long-
term trends.

Prices inthis article are continuous front month futures prices from
the Chicago Mercantile Exchange (CME) Group®*. We use futures
contracts because this market is forward looking by construction,
quickly incorporating news and changes in expectations. Our sample
covers 1961-2014. We base our analysis on annual data because
prices and price expectations are dominated by the annual harvest
cycle. Grain prices tend to fluctuate the most within the growing
season, as supply expectations can shift significantly due to weather
conditions and changes in expectations regarding harvested acreage
and growing conditions. For this reason, we use prices observed
in the 4™ quarter each year (the southern hemisphere has “inverse”
seasons compared to the northern, and by measuring prices in
December, i.e. between harvests, we average out this effect). At
this point, the market should have full information about the size
of the current crop year’s output for corn and soybeans, and a
reasonable basis for forming expectations regarding next years’
market conditions based on prevailing price and storage conditions.
While it is not ideal to measure wheat prices in the middle of the
marketing year, we do so to obtain synchronicity across prices.

3 Rice is the staple food in the larger part of Asia, and also
widely imported and consumed in the Caribbean and Central
and West Africa. When we chose to exclude this commodity
from our analysis, it is due to fundamental differences from
the other grains. Rice is mainly consumed in different geo-
graphical regions than wheat, corn and soybeans. Further-
more, rice production requires different temperatures and
different types of agricultural land to be successful, which
implies that this crop does not compete with the other grains
when land is allocated to food crops. We also chose not to in-
clude grains like rye, barley and oats etc., as these grains represent
only a marginal part of total grain production. In 2013, global pro-
duction of e.g. barley was roughly 30 million MT, or 4% of global
wheat production that year.

4 All price series are downloaded through Quandl, a search engine for
numerical data that offers access to a multitude of financial, econom-
ic and social datasets. See www.quandl.com for more information.
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Statistics on production (MT), acreage (Ha) and yields
(MT/Ha) are obtained from the Statistics Division of the
Food and Agricultural Organization of the United Nations
(FAOSTAT hereafter). FAOSTAT mainly collects information
about agricultural output by the cooperation of governments,
which supply information about primary crops through annual
questionnaires (FAOSTAT). FAOSTAT also collaborate with
various non-governmental agencies, to achieve conformity in
the presentation of international statistics. The time reference for
reporting on harvested area and crop production is based on the
calendar year. More precisely, the statistics for a particular crop
are reported under the calendar year in which the entire harvest
or the bulk of it took place. The harvest of the crops we analyze
in this paper is generally limited to a few weeks in each region.
Figures are reported by the countries in various time frames like
e.g. calendar year, marketing year, etc., before being allocated
to the calendar year in which the entire harvest or the bulk of it
took place.

Stylized facts on grain prices and production 1961-2014

Relative prices, rather than absolute prices, are the
relevant input parameter in the farmer’s decision process.
When planning for the upcoming season, a farmer will take
into account the relative prices of agricultural inputs like e.g.
fertilizer, land and so on. Assuming the farmer is rational
in an economic sense, she will then allocate land and other
resources to the crop that yields the highest expected revenue
(at similar risk levels). Because corn, wheat and soybeans
to a large extent are substitutes in consumption, the relative
demand for these commodities mainly depend on price.
Consequently, the relative price differences between the
three commodities are bound due to the consumer’s ability to
substitute. Short term, and sometimes violent, price variations
do occur, mainly because supply is inelastic within season (a
farmer cannot reap what he has not sown). However, in the
longer term, the relative price differences will move back
towards equilibrium. This effect is illustrated in figure 2,
which displays relative grain prices 1961-2014. As can be seen,
there is no long-term (upward or downward) trend in the price
ratios, and peaks do not persist (only last for a couple of years).

Figure 2: Relative front month futures prices (4" quarter) from the
Chicago Mercantile Exchange Group, 1961-2014, annual observations.
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Acreage of harvested wheat, corn and soybeans increased
from 334 million Ha in 1961 to 523 million Ha in 2014 (see
figure 3). In other words, the total acreage allocated to produce
these grains increased by roughly 50% over half a century,
which corresponds to an annual trend growth of 0.7%. Growth
was particularly strong 1970-81 and 1999-2014, at a rate of 1.5%
annually in each period. From 1970 to 1981, the total harvested
acreage of corn, wheat and soybeans increased by 67 million Ha,
i.e. an area that is roughly the total size of France. From 1999
to 2014, the increase was even larger, at some 94 million Ha.

Figure 3: Total grain area harvested (wheat, corn, soybeans) in million
Ha, annual data 1961-2014. Source: FAOSTAT.
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Figure 4 displays the evolution of harvested acreage for
each grain individually. From 1961 to 1968, the amount
of harvested wheat acreage increased by approximately 21
million Ha, i.e. roughly 2/3 of the total increase in harvested
grain acreage during that period. After two years of declining
acreage, growth picked up again and increased by 31 million
Ha 1970-1981. This area corresponds to about half of the
total agricultural land in Canada today. From 1982 onwards,
there has been a downward trend in the area allocated to
wheat production. This trend is reversing in 2004. The areas
allocated to corn and soybean production have increased
steadily throughout the last five decades. Corn area harvested
has experienced a trend growth of 0.9% annually from 1970
to 2014. The growth has been even stronger for soybeans,
where area harvested has increased by more than a fivefold
from some 24 to 118 million Ha 1961-1970, see figure 4. This
implies an annual trend growth of 2.4%.

Figure 4: Harvested areas of wheat, corn, soybeans (million Ha), annual
data 1970-2013. Source: FAOSTAT.
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Considering the distribution of land towards production of
the three main grains, wheat has been losing acreage shares.
Wheat area harvested decreased from 61% of total in 1961 to
42% in 2014. The area allocated to corn production remains
relatively constant throughout the period we examine (up from
32 to 35% of total), while the acreage share of soybeans has
increased dramatically from 7 to 23%.

A large part of the increase in soybean acreage is located
in the region of Mato Grosso, which is the main production
area for soybeans in Brazil, accounting for 31.3% of national
production as of 2009 (Arvor, Meirelles et al. 2012). Here,
agricultural expansion has played an important part in
increasing agricultural production, as previously mentioned
the net area used for soybean production expanded by 275%
from 1992 to 2012. Further, large areas of savannah in central
Brazil have been transformed from infertile land to a rich
agricultural region through new technologies.

Production and yields

Agricultural development has led to large increases in
food supply feeding a growing world population. From 1961
to 2014, world population increased from some 3.000 billion
people to more than 7.000 billion and a large part of this
population have grains as main source of daily caloric intake.
As previously mentioned, some of the growth in world grain
production came about due to cultivation of new land, and
more cropland has been oriented towards grain production.
Nevertheless, increasing yields have been the major driving
force behind the growth in grain and oilseed production from
the 1960s onwards. Figure 5 shows that this increase has
been largest for corn and wheat. Wheat yields have increased
from 1.1 to 3.3 tons per hectare in 54 years, while corn
yields are up from 1.9 to 5.6 tons per hectare. In both cases,
this is equivalent to an annual trend growth of 1.9%. The
trend growth in soybean yields was 1.4% during the same
period, and in absolute terms, soybean yields increased from
1.1 to 2.6 tons per hectare from 1961 to 2014. Masuda and
Goldsmith (2009) projects a 2.2% annual growth in soybean
production up to 2030, but also highlight a need for significant
investments in yield improving research by agribusiness policy
makers and managers.

Figure 5: Global grain yields; wheat, corn, soybeans (tons per hectare),
annual data 1961-2014. Source: FAOSTAT.
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However, behind the average yields reported in figure 5
there are large regional differences, and there is still room
for yield growth and more efficient grain production in
important agricultural regions. Large areas in Africa would
benefit from better water management and modern agronomic
practices, including greater inputs of fertilizer, herbicides and
pesticides. Considering the African continent’s climatic and
soil conditions, tropical soybean varieties can be cultivated in
about half of Africa’s land (Kolapo 2011). This implies that the
technologies employed in Brazil could possibly be imported to
countries in Africa, like e.g. Mozambique or Zambia. There is
also a greater potential for improved soybean yields in certain
regions with the introduction of newly developed GM drought
tolerant soybean strains.

Further, there are still parts of the former Soviet Union
were agricultural production suffer from low productivity
and inefficient agricultural management. To put this potential
into context, we note that in 2012, the agricultural land in
the Russian Federation, Ukraine and Kazakhstan combined
amounted to approximately 465 million Ha (source: The World
Bank). A large part of this area is allocated to wheat production,
and increasing yields in this region would have a significant
impact on the world supply of wheat. To illustrate the changes
that have occurred in this region, we use the year 2000 as
our baseline. This year, the Russian Federation exported 696
million tons of wheat, while the total exports from the Russian
Federation, Ukraine and Kazakhstan combined were 4 746
million tons. These are marginal magnitudes on a global basis.
By 2014, the Russian Federation had become the 4th biggest

exporter of wheat globally. Total exports from the Russian
Federation, Ukraine and Kazakhstan combined amounted to
37.5 million tons, which made this region the biggest exporter
of wheat worldwide that year (source: USDA). In 2016, Russia
was expected to be (and became) the world’s biggest exporter
of wheat for the first time in modern history tons (Financial
Times, August 18, 2016). In other words, we have seen huge
efficiency gains in this region through the last decade, but there
are still opportunities for improving agricultural management
and technologies in the former SU.

Based on our discussion of the development in harvested
acreage and yields, we know there has been a significant growth
in grain production from 1961 to 2014. This growth is illustrated
in figure 6. The annual trend growth of wheat, corn and soybean
production was 1.9%, 2.8% and 4.4%, respectively. Harvested
acreage of wheat actually declined during the time period we
study, which implies that the increase in production came from
increasing yields alone. The increase in corn production was
a combination of increasing yields and harvested acreage, as
were the increase in soybean production. In terms of soybeans,
a large part of this increase was caused by cultivation of new
land in Brazil. Looking at grains as a whole, production has
increased from 450 million MT to 2 059 million MT from
1961 to 2014, equivalent to a trend growth of 2.5%. Annual
trend growth was even higher from 2000 to 2013, at 3.0%. For
comparison, world population growth has been roughly 1.1%
during the same period, which implies that grain production
is now growing faster than world population.

Figure 6: Grain production, wheat, corn, soybeans, total (million tons), annual data 1961-2014. Source: FAOSTAT.

Panel a: Wheat production

700

600

500

400

300

200
= N OO N ™~ = 1N O M I~ = 1N am
O O O N N 00 0 0 OO OO © © O
a OO OO OO OO OO OO O O OO O O O O
D B B I I T R I B B o B N I oN B o)

Panel c: Soybean production

320

270

220

170

120

70

20
N OO M I~ o n O MmN o n oM
O O O IS IS 00 0 0 O OO © © O
A OO O OO OO 0O O OO OO OO O O O O
~ = = NN NN

APSTRACT Vol. 12. Number 1-2. 2018.pages 11-22.

Panel b: Corn production
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PRICES AND RISK

Despite massive increases in production and yields, concerns
regarding land use and food security remain central on the
international agenda. In particular, there was much talk about
a global food crisis proceeding the summer of 2008, when the
prices of several important agricultural commodities had nearly
doubled from the beginning of 2007. The peak in grain prices
(and most other commodities) were short-lived, and in the
autumn of 2008 prices fell almost as fast as they had increased
just a few months earlier. However, food commodity prices
rose sharply again between June 2010 and February 2011, even
surpassing the record 2008 peak that had worried policymakers
and non-governmental organizations across the world.

Figure 5: Global grain yields; wheat, corn, soybeans (tons per hectare),
annual data 1961-2014. Source: FAOSTAT.
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Both 2007-08 and 2010-11 were characterized by adversely
affected crops in several important regions for agricultural
production (Trostle, Rosen et al. 2011). Typically, agricultural
price booms and periods of high volatility are caused by
shocks on the supply side. In the short run, price changes are
driven by inflow of information to the market place, forming
expectations and speculation regarding future supply and
demand dynamics. In the long run, agricultural commodity
prices are determined by fundamental drivers, namely supply,
demand and available inventory (Geman 2015). Factors
like demographic changes and income variations influence
demand, while weather patterns and adverse events like
droughts or pests are key drivers on the supply side. Table
1 presents summary statistics for corn, wheat and soybeans.

Table 1: Descriptive statistics, 1961-2014, percent changes

Wheat Corn Soybean

Average 2% 2% 3%
St. Dev. 24% 24% 22%
Kurtosis 0.49 0.09 -0.35
Skewness 0.61 0.26 0.08

Min -45% -50% -40%

Max 2% 59% 56%

N= 54 54 54

Annual observations, front month futures prices from the Chicago
Mercantile Exchange Group, 1961-2014
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The price changes of all three grain varieties are positive
on average during the time period we consider. We note that as
our data consist of nominal prices, the positive price changes
in table 1 likely represent inflation rather than actual positive
returns. The annual standard deviation of corn and wheat are
identical at 24%. These commodities display similar return
distribution characteristics, although the statistics on wheat
suggests that this distribution has slightly fatter tails compared
to corn, and also moderately more positive skewness. The
statistics for soybean indicates less price variability, with a
standard deviation of 22% and a platykurtic distribution. To
get a more dynamic impression of variability and risk, figure
8 displays the evolution in standard deviations based on a
rolling window of 12 observations, 1973-2014.

Figure 8: Standard deviations for wheat, corn and soybean price
changes, 12 year rolling window, 1961-2014, annual observations.
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In the recent debate on food prices, many have claimed
that price risk has increased significantly since 2005 (see e.g
. Haile, Kalkuhl et al. (2016)). Whether or not price volatility
has increased does however depend on the window we are
looking through. This is demonstrated in figure 8, where the
standard deviations of the three grains based a 12-year moving
window show no increasing trend in volatility. Comparing
commodity risk, we see that annual volatility fluctuates within
the range of 15-30% for all three grain varieties. There are
individual differences in the trajectories, but the three rolling
samples share common cycles. The figure shows that soybeans
have lower annual volatility compared to corn and wheat.

RESULTS AND DISCUSSION
Price Dynamics: Long-run equilibrium and short term
adjustments

Considering how grain prices share common trends
and cycles, it is reasonable to expect some form of long-
run relationship between the three price series. A series of
Augmented Dickey-Fuller (ADF) tests reveal that grain prices
observed annually 1961-2014 are non-stationary. We further
find that all series are stationary when differenced once.

Following the Engle-Granger (1987) two-step procedure,
we begin by performing the first step in establishing a co-
integration relationship:

Pi,=atpp; tul?
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for all the pairs (i,j), i.e. corn-wheat, corn-soybeans and
wheat-soybeans. Testing the residuals from these regressions
for stationarity clearly demonstrates that grain prices are
co-integrated, i.e. tied together in a long-run equilibrium
(table 2).
Having found that all three grain prices are co-integrated,
Table 2: Step 1 - ADF-tests for stationarity of i

t-values Number of lags#
Corn-wheat -5.05%* 0
Corn-soybeans -3.53* 4
Wheat-soybeans -5.27%* 2

# number of lags determined by minimizing AIC
Critical values from Engle and Yoo (1987): * 5% = -3.29; ** 1% = -4.14

we proceed by estimating Error Correction Models (ECMs).
Since the OLS estimate of p is superconsistent (Stock 1987) ,
the sampling error from estimating it through a co-integrating
equation is less important than the sampling error of the error
correction model estimates asymptotically. This justifies the
two-step approach, and we estimate an ECM specified as:

2
Ap(m)=a+
ij=1

PijPit—1 — BPjr—1)+e

where A is the first-difference operator, the variable P,
represents the log-price of commodity i at time t, and Py is
the log-price of commodity j at time # - 1. The expression
inside the brackets is the error correction term from the
cointegration regression of p, on p, . Since the two variables
are cointegrated with cointegrating coefficient 3, all variables
in (2) are stationary. (2) describes the short-run relationship
between deviations from the long-run equilibrium and changes
in p. pis an estimate of the speed at which p, returns to a
long-run equilibrium after a change, or “shock”. As such, the
ECM recognizes that previous time periods’ deviations from
the equilibrium influence short-run dynamics.

Table 3: ECM model estimation results, 1961-2014

a pc,s pw,s pc,w
0.02 0.62
20.29
Wheat (0.59) (2.59) (116
o 0.02 -0.33 -0.50
(0.80) (-1.39) (-2.30)
Sovbeans 003 0.00 0.39
Y (0.90) (0.01) (1.91)

T-Values in brackets,
values significant at the 5% level is marked in bold
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From table 3 we see that deviations from the long-
run equilibrium between wheat and soybean prices
have a significant effect on changes in wheat prices the
subsequent period. The coefficient representing speed of
adjustment implies that 62% of the short-run disturbance
is corrected the following year. Similarly, the price of corn
is “pulled back” towards the long-run equilibrium after a
shock in the price of wheat. Once more, the correction is
relatively swift; the estimated coefficient suggests half of
the disturbance is corrected the subsequent period. The
error correction mechanism between soybean prices and
the other grains are not as distinct, but we see that the
coefficient representing the relationship between wheat
and soybeans is significant at the 10% level. The speed
of adjustment is 39%. As regards the topic of this article,
namely whether grain prices adjust continuously, these
results support the notion of prices that move rapidly back
into equilibrium after an initial disturbance or shock.

Testing for structural breaks in land use

There are several studies on the acreage effects from
agriculture price changes. These at least date back to the
classic articles by Mark Nerlove, e.g Nerlove (1956) , and
a number of studies in the 1970s (e.g. Houck and Ryan
(1972)). In their recent study, Haile, Kalkuhl et al. (2016)
find significant and positive price elasticities on acreage
using a panel data approach.

Taking a time series approach, we examine whether
relative prices have a significant effect on land allocation
among the main grains. Performing regressions with
harvested acreage (Ha) as dependent variable we study
changes in acreage caused by changes in grain prices,
adjusted for area growth.

3
diHa;, = aq + aydlHa;,_ + Z Bidlpy e + &

=1

(©)

where the variable dIHa represents the logged
difference of harvested acreage, the superscript j indicates
commodity, and the variable P is the logged difference
of the price of commodity i at time 7 - 1. The lagged value
of dIHa controls for short-term adjustments in acreage.

Using logged difference variables on both sides of
the econometric specification is convenient because
all variables are now stationary, and it allows for
a straightforward interpretation of the regression
coefficients. All parameter estimates have a natural
interpretation as percentage changes, and information
about the effect of relative price differences is given by
the quotient rule which states that /nx - Iny=In (X/y). We
expect B # 0, i.e. that changes in prices lead to short-
term (annual) adjustments in harvested acreage. Table 4
presents the results.
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Table 4: the relationship between harvested acreage and last years’
prices, 1961-2014

a, a, B, B. B. R
Wheat o osy sy 080 (oon
Corn [gf;)i) (:g:g;) (8'.(2)(3)] (2'.(9); (_-(())..?g] 37%
Soybeans ((3):(2)5) ((z)j;) (8223) (:Zig) (2'.(2)(1]) 2%

T-values in brackets, values significant at the 5% level is marked in bold
w = wheat, ¢ = corn, s = soybeans

Table 4 shows that a substantial part of the variation in
harvested acreage of wheat, corn and soybeans, respectively,
is explained by a combination of last year’s harvested acreage
and relative prices. From (3) we expect high R-squared values,
as farmers are likely to carry their planting patterns over from
one year to the next.

Our results indicates that last year’s prices of corn and
soybeans have no significant effect on harvested acreage of
wheat. Wheat acreage is however sensitive to changes in wheat
prices (statistically significant at the 10% level), and tend to
increase with 4% in response to a 1% increase in last years’
wheat prices. Moving the discussion to harvested corn acreage
we find similar results, harvested acreage of corn respond to
last years’ price of corn, and also last years’ harvested corn
acreage. Statistically, corn acreage increases with 0.07% in
response to a 1% increase in the price of corn the previous
year. Soybeans are the only field crop where we find a
statistically significant relationship between harvested acreage
and last years’ prices of another grain variety. Harvested
soybean acreage tend to decrease with 0.14% in response to
a 1% increase in the price of corn the previous year. Acreage
is also sensitive to changes in last years’ prices, increasing by
0.20% in response to a 1% increase in lagged soybean prices.
Using the quotient rule, this implies that the response towards
a change in the ratio of corn vs soybean prices is -0.34, i.e.
that a 1% increase in last year’s price of corn relative to the
price of soybeans leads to a 0.34% decrease in harvested
soybean acreage.

Overall, these results are not surprising; one expects
to find the closest lead-lag relationship between corn and
soybeans. These commodities are to some extent substitutes
in both consumption and production, they share a similar
5-month growth cycle and require similar climatic conditions.
Using the US as an example, the bulk of corn and soybeans
are produced in the Midwest region, where planting starts
in the beginning of April and last through June. The main
harvest begins in September and is finished by the end of
November at the latest. The largest exporters of corn and
soybeans globally are the US, Brazil and Argentina. From
2000 onwards, Ukraine has also become a major exporter
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of corn, increasing their exports from some 400 000 MT in
2000, to 15 500 000 MT in 2015.

While it is relatively easy to switch between planting
corn or soybeans, wheat stands out with its own unique
growth cycle and harvest time frames. In the US, winter
wheat is planted from mid-August through October, and
the harvest run from mid-May to July. Further, wheat is
a sturdier crop compared with corn and soybeans, and can
be grown commercially in harsher climates. It follows that
wheat production benefits from taking place in a number of
regions, and the largest exporters of wheat are the European
Union, the Russian Federation, the US, Canada, Australia
and Ukraine. Kazakhstan and Argentina are also noteworthy
wheat exporters.

To examine whether there have been structural breaks in
the relationship between harvested acreage and last year’s grain
prices, we run Recursive Least Squares (RLS) estimations
with specifications as outlined above. Recursive estimations
start with a minimal number of observations, and statistics
are recalculated adding one new observation at a time. The
coefficients of the regression are thus estimated sequentially,
and studying these estimates provides information about
parameter consistency and structural breaks. We employ the
classical test for structural breaks, namely the 1-step-ahead
Chow test, which uses an F-test to determine whether a single
regression is more efficient than two separate regressions
splitting the data into two sub-samples (Chow 1960). Formally,
the 1-step-ahead Chow test statistic follows an F-distribution
with F(1, ¢t — k - 1) under the null of constant parameters, for
t=M,...,T. The test statistic is calculated by comparing the
residual sum of squares across sub-periods:

(RSSt - RSSt_l)(t - k - 1) _ Utz/Wt
RSS;_4 -6,

where RSS represents Residual Sum of Squares for each z,
t denotes sample size, & is the number of parameters, and v,
and w, represents the standardized innovations (standardized
recursive residuals). Normality is required for the statistic to
be F-distributed.

Table 5: 1-step-ahead Chow tests, 1961-2014

Years df F-values
1976 1,8 6.70
Wheat 2004 1,36 4.82
Corn 1983 1,15 10.82
1974 1,6 15.64
Soybeans 1978 1,10 6.92
1983 1,15 7.94

T-values in brackets, values significant at the 5% level is marked in bold
w = wheat, ¢ = corn, s = soybeans
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Table 5 presents the outcome of a series of 1-step-ahead
Chow test performed on the model outlined in (3). Regressing
the logged difference of harvested wheat acreage on changes in
relative grain prices, adjusting for short-term area adjustments
we find support for the hypothesis of a structural break in 1976
and 2004. Even though these years are statistically significant,
it is hard to think of historical events that might have caused
these instabilities. Both years were characterized by moderate
price levels, stocks were however much lower in 04 compared
to 76. Referring back to figure 4, we believe that these breaks
merely represents the beginning and end to a downward trend
in the land allocated to wheat production, rather than changes
of a structural character.

The 1-step Chow test on corn acreage identifies a structural
break in 1983. While it is hard to identify the exact cause of this
break, some reasonable conjectures can be made. In the US, it
is common to speak of 1973-80 as an agricultural boom period,
while the 80s was a bust decade with poor performance and
low farm income. This view is supported by a 35% increase in
US farm export volume from 1973-1980, an increase that was
sustained by production shortfalls in other countries, a fall in
the dollar’s real exchange value after the collapse of the Bretton
Woods system, rapid growth in foreign real income and strong
support from domestic commodity programs (Belongia 1986). By
the beginning of the 80s, farm fundamentals such as real income
and relative prices were generally bearish — and even though farm
productivity was increasing farmers continued to leave the sector.
Turning to the Federal Reserve Bank of St. Louis’ February
forecasts for agriculture, 1983 was expected to be the fourth
consecutive year of low farm income in the US (Belongia 1983).
A record harvest in 1981, declining exports, and large carryover
stocks had all contributed to depressed grain prices. Ideal weather
conditions and record yields in 1982 did nothing to alleviate
the situation, and the US at now held about 76% of global corn
stocks and 39% of world wheat stocks (Belongia 1983). Policy
actions had been taken to encourage wheat and corn producers
to reduce their planted acreage and thus reduce grain output®, but
with little success - at least in terms of supporting grain prices.
What ultimately made grain prices recover in 1983 was a drought
induced production shortfall, when intense heat affected crops
across numerous states in the Midwest and the Great Plains.
This yield related disturbance had major effect on grain prices,
especially for corn and soybeans. That we find no evidence of this
shift in wheat prices lends support to this supposition, as wheat
benefits from being produced in a number of regions, while the
world relied heavily on US corn and soybean exports during the
80s. We believe that the political incentives towards reducing
grain acreage in the US and the drought induced price spike
were important contributors towards the structural instability
detected in 1983.

6 The 1981 US Farm Bill encouraged grain farmers to participate
in a new acreage reduction program by offering deficiciency
payments and price support loans in return for ideling a crop-
specific percentage of their base acreage. This was an essen-
tial alteration from the former set-aside program; prior to 1981
acreage reductions were based upon current year plantings, and
most importantly, the reductions were not crop-specific.
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Moving to soybeans in figure 11, we find indications of
structural breaks in 1974, 1978 and 1983. We are not able to
identify an obvious cause for the breaks in 74 and 78, but the
evidence of a structural break in 83 lends further support to
our conjecture that instability was caused by US agricultural
policies and adverse conditions in the US Corn Belt.

CONCLUDING REMARKS

In this article, we have described grain acreage, yields
and aggregate production, as well as price relationships
for wheat, corn and soybeans in an historical setting 1961-
2016. During this period, agriculture has been exposed
to a number of dramatic changes related to input prices,
agricultural technology, geopolitical events and rapid changes
in consumers’ income and preferences. Oil price shocks,
the collapse of the Soviet Union, the introduction of GM-
technology and new demand for corn as input for biofuels
are examples of events that have added to the uncertainties
normally faced by farmers. One would expect such dramatic
events to be reflected in grain production and prices as
erratic changes or structural breaks. However, the analysis of
acreage allocation, prices, production and yields tells a story
of gradual adjustments and continuity — with some exceptions.
Grain farmers seem to have been able to adjust successfully
to both positive and adverse external events. Production,
yields and grain acreage have grown at a steady rate, and the
changes in land allocation towards the different crops have
been relatively smooth. Likewise, price risk as measured by
standard deviations have been fairly stable over the long-run,
as have fluctuations in relative prices.

Considering how wheat, corn and soybeans are substitutes
in production, and to some extent substitutes in consumption,
it is reasonable to expect a long-run relationship between
grain prices. This link is confirmed through a co-integration
analysis. Estimates from ECMs shows that grain prices are
cointegrated, with rapid adjustments of deviations from the
long-run equilibrium. In sum, we find that despite massive
international events like wars, technological changes, and so
on, adjustments in agriculture are continuous and relatively
smooth. Some of this continuity should be attributed to global
markets that allow producers and consumers to share risk,
information, and forming expectations.
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