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Introduction 

What will the world cereal market look like in 2050?  How will demand and supply 

quantities of corn, rice, and wheat change with projected increases in global population, the 

impacts of climate change, land productivity, technology change, and other shocks to the cereal 

trade?  Over the past fifty years, the face of agricultural has changed significantly, starting with 

the First Green Revolution with the development of high-yielding seeds for major crops such as 

corn and wheat and currently with the Third Green Revolution with a focus on biotechnology 

and biofuels.  According to the Food and Agricultural Organization of the United Nations, food 

production will have to increase by 70 percent to feed the 2.3 billion new people in addition to 

the current population.  As of 2008, global production of maize was 822.7 million tonnes, while 

wheat was 689.9 million tonnes and paddy rice was 685.0 million tonnes.  Given these current 

levels of production, will the world production levels be able to match the demand levels in 

2050?   

  To answer these and other questions, a model was developed that would reflect world 

cereal trade in 2050 by predicting the quantity of cereal supplied and the quantity of cereal 

demanded in key countries around the world. For the purposes of the model, world cereal trade 

includes three staple crops: corn, rice, and wheat.  The most basic premise of the model is that all 

countries engage in free trade and therefore buy and sell a single crop at one world price.  This 

price will be found at the point where quantity of a crop supplied equals the quantity 

demanded.  The model is broken down into several regions for each crop: North America, South 
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America, Asia, Europe, Africa, the Middle East, and Oceania.  Because it assumes there is one 

world price for each crop, it also assumes that not all countries have the necessary means of 

production or sufficient demand to influence world price.  The model also relies on an initial 

world price in 2007 to calculate future prices of each commodity obtained from the International 

Monetary Fund.  The starting price for corn is $163.26 (USD per metric ton), the starting price 

for rice is $332.39, and the starting price for wheat is $255.21.  This paper will first explain the 

factors included on the demand side of the model, then the mini-models constructed to explain 

supply side factors, and finally will end with a discussion of results and their implications as well 

as a different climate scenario that could potentially alter the outcome of prices in the 

model.           

Demand Factors 

Population 

            One of the most important factors to be considered in modeling the cereal trade in 2050 is 

the population growth rate in different regions of the world.  Today there are roughly 6.8 billion 

people in the world.  According to a report issued by the Food and Agricultural Organization of 

the United Nations (FAO), the world population is expected to rise to 9.1 billion people with 

most of the growth occurring in developing countries, particularly Sub-Saharan Africa.  There 

are already several models of population growth for countries extending into 2050 from reliable 

sources.  The model incorporated the population growth statistics at a medium variant for every 

five years until 2050 from the United Nations Population Information Network (POPIN).  While 

the world population growth rate levels off and begins to decrease within the forty-year time 

frame, regions such as Africa and Asia have substantial overall population increases such that 

there is a significant rise in overall population in 2050, creating more demand for cereal crops.   
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Income 

  Income change was also a major factor affecting the demand side of the model.  The 

incomes of each country in the region were obtained from the United Nations Statistics Division 

from 1970 to 2008.  This data, measured in US dollars, was used to find the yearly changes in 

income in this period, then to calculate the compounded growth rate of income during this 

timeframe.  Engel’s Law states that as incomes rise, the proportion of income spent on food will 

decrease.  Therefore it was necessary to incorporate income elasticity of demand for each 

crop.  This data was obtained from the United States Department of Agriculture Elasticity 

Database or, in the event that a specific country’s elasticity was missing, from the Food and 

Agriculture Policy Research Institute.  For all countries, according to the elasticity information, 

as incomes rise, the demand for corn, rice, and wheat decline.  In order to control the demand 

side of the equation, the percent change in income and the income elasticity of demand were 

scaled down each time period in the model for middle-income countries such as China, Brazil, 

Argentina, and other Latin American countries.  This was particularly necessary in the cases of 

China and Argentina, where income growth rates were so high that the demand for cereals would 

increase to unrealistic quantities.  It is therefore more reasonable to assume that changes in 

income and income elasticity gradually taper off over the forty-year period.  

Meat Consumption 

Changes in meat demand around the world also have a significant impact on the world 

cereal market.  To produce one kilogram of beef, one kilogram of pork, and one kilogram of 

chicken requires 20 kilograms, 7.3 kilograms, and 4.5 kilograms of grain 

respectively.  According to Bennett’s Law, as incomes rise, the demand for meat increases as 
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well, which means that more grain is demanded to produce more meat.  The overall implication 

of the above information is that with the rise in demand of meat, the price of grain will also rise.  

Additionally, because cattle cannot easily digest rice, rice has a low protein content, and 

rice has high prices mean that it is not commonly used for feed, therefore the model assumes that 

rice is not a major factor in the meat model.1  As for the model, it is difficult to apply changes in 

meat consumption because meat has its own separate market with supply and demand quantities 

as well as an equilibrium price.  Considering the scope of the project, it is unlikely that a fully 

developed meat model will fit in with projected cereal trade, so instead changes in meat market 

were approximated on the demand side.  In the model, meat consumption has a linear 

relationship with overall crop quantity.  However, whereas population growth was modeled on a 

one percent increase translating to a one unit increase, it does not make sense to model meat 

consumption on the same one-to-one scale because not all crops in the model are used for 

livestock feed.  To solve this problem, the effect was scaled down by factoring in the 

approximate share of crops used for livestock feed, i.e. the utilization of feed.2  The final model 

of meat demand is the growth rate of quantity per the effect of meat consumption changes equals 

the percentage change in meat consumption multiplied by this utilization rate.  In running the 

model, it was necessary to scale down China's demand for meat, which would likely taper off 

with the leveling off of income change.  Without this adjustment, China's demand for corn was 

unreasonably high and skewed the world quantity demand and therefore the final price in 2050.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  .	  Daniel	  J.	  Drake et al. “Feeding Rice Straw to Cattle.” Oakland: University of California, 
2002.Parry, M.L., et al. “Effects of climate change on global food production under SRES 
emissions and socio-economic scenarios.” 2004. Global Environmental Change. 

www.elsevier.com/locate/gloenvcha (accessed February 25, 2010).	  
2	  .	  United States Department of Agriculture. United States Department of Agriculture. 

http://www.usda.gov (accessed February 15, 2010).	  
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Elasticities: Own-Price Demand, Own-Price Supply, and Cross-Price 

In order to relate the increases in quantities of a given crop to the increase in prices, the 

model incorporates four different elasticities for each crop.  The own-price elasticity of demand, 

relating the change in quantity demanded to the change in price, was obtained from the USDA 

elasticity database or, in the event that the data for a particular country was unavailable, from the 

FAPRI elasticity database.  While the elasticities came from reliable sources and were calculated 

based on statistical analysis rather than arbitrary assumptions, there were some discrepancies in 

the data from these sources with what was expected given the class lectures on elasticity of 

demand.  For example, according to the FAPRI database, China’s elasticity of demand for corn is 

-.14.  However, according to the Slutsky equation, as the budget share of food decreases, the 

income elasticity of demand also decreases, meaning that very poor households sensitive to 

increases in price would have an income elasticity of demand at around -.6 to -.8.  While China 

does not fit into the poor household category, given its income level it would seem more 

probably that China’s income elasticity of demand would fall closer to -.3 or -.4.  China in fact 

has a very large impact on the demand for corn in particular and the model overall is sensitive to 

changes in elasticity of demand. 

In terms of the other elasticities, the elasticity of supply was obtained from the FAPRI 

database for all countries.  For each commodity, the model factored in two cross-price 

elasticities, one relating it to the second crop, and one for the third crop (for example, for corn, 

there was a cross-price elasticity relating the increase of corn to the price of rice and a cross-

price elasticity relating the increase to wheat as well).  This information was obtained from a 

comparative study in demand elasticities conducted by the Middle East Technical 

University.  The cross-price elasticities as well as the own price elasticity for demand were 
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factored into the demand side of the equation while the elasticity of supply affected the supply 

side of the equation.     

Biofuels 

For the case of biofuel, the model focuses exclusively on the United States. Currently, US 

& Brazil combined account for over 90 percent of the world's bioethanol production (Coyle 3). 

Brazil uses mostly non-cereal crops for ethanol production, so it is excluded from our analysis. 

US uses mostly corn (Fortenbery et al 2), so corn is the main focus of the analysis. Similarly, the 

European Union plays an important role, producing 75 percent of the world's biodiesel, but 

mostly with non-cereal crops. It makes sense to focus on the United States for now. As for the 

future, there can potentially be more suppliers and consumers of corn-based ethanol. However, 

countries do not naturally choose to be associated with ethanol, possibly because it is not 

economically sensible, energy efficient, or they lack the technology knowhow of conversion 

technology. Currently, countries like the US and EU mandates use of renewable energy, of 

which ethanol has a big share. It is a matter of policy and an effort to encourage the use of 

renewable energy. However, most countries cannot scale ethanol production in an economically 

sensible way. Skyrocketing gasoline price may stimulate the R&D that goes into making 

conversion technology better, however, technology cannot be improved and made all available 

over night (Shapouri et al).  The biofuel model was calculated by using the percent of corn 

currently used for ethanol (Fortenbery et al 20, 21) multiplied by the expected growth rate of 

ethanol use (based on historic growth rates).  The overall rates change from 2.5 percent in 2007 

down to .24 percent in 2050.  
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Supply Factors 

Arable Land Factor 

The effect of arable land available for crop production on the supply side was also 

considered in the construction of the model.  While the Solow growth model demonstrates how 

the increase in crop production in a developed country such as the United States is primarily a 

result of increase in yields, there is still a small increase in production due to increase in 

available arable land.  It is therefore necessary to account for the future changes in arable land 

and how it would affect the quantity of cereals supplied in the world market by creating a unique 

“area factor” for each country based on current and potential future land productivity.  This 

factor would go together with the other supply factors to find the total change in yield.  This 

factor, rather than modeling an increase in available land, instead looks at land productivity 

through the effects of infrastructure on cereal output.  The evaluation of each country’s 

“infrastructure” is broken down into three factors.  First, the model considered the each country’s 

classification as “developed” or “developing” according to the International Monetary Fund’s 

standards.  This standard was used to examine the relative advancement of each country in 

agriculture via the principles of structural transformation.  If a country is in the beginning stages 

of structural transformation, then it is reasonable to say that in the future there will be more 

potential to develop and utilize arable land to expand crop production.  The second factor 

considered was the percentage of arable land equipped for irrigation according to statistics from 

AQUASTAT.  All three crops in the model require a substantial amount of water at different 

stages of growth and this factor helps to examine farmers’ access to irrigation systems as well as 

the potential future expansion of irrigated farmland to increase production.  The third, and 

perhaps the most important factor in modeling arable land, was each country’s percentage of 
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potential land in use using the TERRASTAT database.  This measure is particularly important 

for countries such as Brazil and Argentina, which have considerably high levels of potential 

expansion of arable land into the rainforest.  The final procedure in creating coefficients for each 

country involved scaling the actual number relative to other countries.  For example, Japan is a 

developed country with roughly 63 percent of arable land equipped for irrigation and its potential 

arable land use is 289.1 percent.  These numbers indicate that Japan has exploited most if not all 

of its arable land and is intensively farming this land through irrigation systems, meaning its land 

productivity is already very high in terms of what Japan is capable of producing.  Because of 

these factors, Japan is the country in the model with the least amount of potential to increase its 

land productivity.  It was therefore assigned a value of .001.  Using Japan as a starting point, 

values were assigned to the other countries in the model on a relative scale and factored the final 

coefficients into the supply side of the model. 

Fertilizer 

The model of fertilizer use is complex and relies on a significant number of assumptions 

and therefore requires some explanation.  The model first aims to divide the world into various 

regions along similar climatic conditions as presented in the USDA’s study “Major World Crop 

Areas and Climatic Profiles”. Within each specific region, we located the country with the 

highest yield per acre of a given crop (i.e. corn, wheat, or rice). This country is termed the 

reference country in that region and all other countries in that same region would be “pegged” to 

that reference country. By analyzing the usage of fertilizers in both the reference country and one 

of the “pegged” countries, the model can determine a gap in fertilizer usage. This fertilizer usage 

gap in conjunction with a yield gap would extrapolate a growth in yield in the “pegged” country, 

proportional to the trend in fertilizer growth in the “pegged” country.  Ultimately, because of the 
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difficulties in assessing the many aspects of fertilizer usage such as farmer preferences and land 

fertility, the model tries to aggregate the myriad of variables that may affect the quantity and 

response of fertilizer use through a country-to-country relative approach rather that assessing 

each country.  

             

One of the assumptions of the fertilizer model is that there are significant differences in 

fertilizer use around the world due to local conditions. The amount of fertilizer required in a Sub-

Saharan African nation in order to reach a target yield is very different from the amount needed 

in North America. In addition, a kilogram of fertilizer in Sub-Saharan Africa would most likely 

have a much different effect on yield when compared to the effect of a kilogram of fertilizer in 

European soil. Due to the limitation in data on how fertilizer impacts yield in various countries 

around the world, it was necessary to develop a model that could isolate the effect solely due to 

fertilizers and not other factors such as capital. To circumvent the problem of climate and soil 

differences around the world, the world regions were divided up into regions along climate 

lines.  The model also addresses the problem of differences in economy and technology that may 

induce different patterns of fertilizer use in different parts of the world, by using “local” 

reference countries.  It assumes that within each climatic region, the reference country with the 

highest yield will have obtained that yield through more favorable economic, technical, and 

political conditions relative to the other countries in the region. In addition, it assumes that the 

reference country is more or less efficient and will have incorporated the most optimal amount of 

inputs (i.e. fertilizers, labor, capital, technology) given the constraints unique to that region. 

However, because each region usually encompasses similar cultural preferences, through time, 

each “pegged” country would be able to converge at least to the current yield obtainable in the 
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reference country. This premise of the model is comparable to the technological ceiling model, 

whereby less technologically developed countries can continue to increase yields so long as they 

have not reached the technological or economic ceiling. However, increasing yields to this 

ceiling could involve any number of factors that may impact yield. As a result, the model 

measures fertilizer usage gap between countries in order to infer if there is a fraction of the yield 

gap between the “pegged” country and the reference country that can be explained through 

fertilizer usage differences alone. This way, fertilizer usage growth can be correctly matched to a 

growth in yield, free of other influences.              

The above procedures and assumptions determine if there is room for yield to grow 

precisely due to a difference in fertilizer usage. For example, if a country is producing at yields 

per acre 30 percent below the reference country and also using less fertilizer (i.e. 10 percent), 

then it can be conservatively estimated that some portion of that 30 percent yield per area 

difference is due to the 10 percent difference in fertilizer use. If the “pegged” country is able to 

increase fertilizer use to the current known optimal level (that of the reference country), then the 

yield gap will decrease such that the “pegged” country will have increased yields to converge 

somewhere below the reference country. For simplicity, it is assumed that there is a one to one 

proportional change in fertilizer use and yield increase. That is, if a “pegged” country has both 

lower rate of fertilizer usage and a lower yield, an increase of 1 percent in fertilizer usage will 

correspond to a 1 percent increase in yield.     

To determine the rate at which the fertilizer usage rates converge, the model relies on 

historical trends as well as technological ceiling constraints.  The model allows fertilizer usage to 

grow at a similar rate to historical trends so long as a fertilizer gap and yield gap exists (greater 
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than 0). This growth is then used to determine the proportional increase in yield in the “pegged” 

country.  

In essence, the fertilizer model can be more accurately described as aiming to capture the 

growth of fertilizer usage solely due to “catch-up” by lesser-developed countries in each region 

to the yields obtained by the reference country. This allows the model to provide solid and robust 

numbers in terms of yield change due to fertilizer because there is no speculation regarding 

technological changes that may change the effect of fertilizer. The central assumption is that if a 

yield is obtainable in a given region with a given amount of fertilizer usage, then a nearby 

country with similar climate and soil conditions as well as assumed similarity in economic 

conditions and cultural preferences, then a reduction in fertilizer usage gap (the final 

unaccounted variable) must therefore bring a convergence of the yields. 

Technical Change 

In constructing the model of technological change, the model assumes that technology 

would affect production through increases in yield per unit area.  This element of the model was 

among the most difficult to predict, and as a result the values used in the model were based on 

the best attempt to estimate how much technology will grow in the future.  Technological change 

was divided into two major components: 1) relatively consistent "background" growth in yields 

and 2) technology shocks due to breakthroughs. 

The background rate of technological change comes from the assumption that relatively 

small increases in yield will occur due to relatively consistent technological improvements 

occurring on a yearly basis.  The model assumes that these trends will continue linearly into the 

future.  In addition, it also assumes that technological improvements are related to the amount of 

money that a particular country or region is investing in agricultural R&D.  To calculate a rough 
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estimate of yearly percentage increase in yield due to technological change, it was first necessary 

to find an expected yearly increase for the United States.  The model assumes that all current 

increases in yield in the United States come from technological advancement, rather than 

fertilizer use.  The historical rate of growth in yield in the United States since 1960 is 

approximately 2 percent per year (FAOSTAT) and it was assumed that this would continue into 

the future.  Then the group members looked at data measuring the amount of investment 

countries make in agricultural R&D (World Bank 2008).  To calculate growth in yields due to 

technology for other countries, the value was scaled based on how much each country spends on 

R&D, using the U.S. as a reference point.  For example, if a country spends half as much as the 

U.S. on R&D, the yearly "background" growth in yield is expected to be 1 percent (half of that in 

the U.S.).  This approximation was also used in connection with knowledge and intuition 

obtained from class lectures and reading materials.  The model is a simplification, and it does 

overlook the fact that in countries with lower current yield, a given amount of investment would 

result in much higher growth rates than that same investment would create in the U.S.  However, 

a more simplified model actually make calculations more feasible. 

The second component of yield increases due to technological change comes from 

technology shocks.  By their definition, these are somewhat unpredictable, sudden breakthroughs 

in technology and therefore very difficult to model.  It was assumed that two major such shocks 

would occur in the period before 2050.  First, outside research found that China is expecting to 

develop a new rice variety by 2013 that could potentially raise yields by about eight percent 

(BusinessWeek 2010).  The model assumes that this yield increase would occur gradually as the 

technology is introduced, over a period of about 7 years (1.1 percent increase per year).  Then the 

effect would taper off over the next approximately 5-10 years.  Furthermore, we assumed that 
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some of the nearby Asian countries that are major rice producers would be able to pick up and 

begin utilizing this technology.  We scaled the timeframe, extent, and duration of this spreading 

yield increase according to our rough estimates of how well-suited countries would be to adopt 

the technology. 

  The model predicts that a second shock would occur in Africa through a new interest in 

and push for agricultural investment.  The chance of this occurring soon is small, so the 

"baseline" rate of increase in yields in Africa would continue until 2030.  However, at that point 

it is more likely that technologies and global interests in averting food insecurity in Africa would 

lead to greater investments and a yield shock.  This idea was incorporated into the model by 

boosting annual increases in yields to 1.05 percent (a one percent increase over the background 

rate of 0.05 percent) in the period 2030-2040 and then to 2.05 percent from 2040-2050.  The 

extent of the yield increase due to a technology shock in Africa is very hard to predict, and given 

its low starting point, significant investments could boost yields by much greater 

percentages.  However this represents a reasonable expectation of what might occur in Africa in 

the case of a slower, longer-term yield shock that occurs about midway into the period of 2010-

2050.  

Climate Change 

The model utilizes projected changes in agricultural yields due to climate change under 

several future greenhouse gas emissions scenarios developed by the IPCC.  The projections 

(Parry et al. 2004) explore estimates of changes in yield due to climate change for all countries of 

the world, based on models of how crops will react to changes in climate conditions.  The model 

explores predicted yield under several different scenarios for future greenhouse gas emissions, 

which are modeled using the HadCM3 climate model.  For the model, it assumes that emissions 
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will follow the A2b trajectory.  According to the IPCC Special Report on Emissions Scenarios 

(SRES) classifications (2001), the A2 trajectory is characterized by high rates of population 

growth and energy use, medium rates of income growth, and slow technological change.  Here 

the model is projecting a more pessimistic outlook on climate change than the B1 or B2 

scenarios might provide, because progress to date on the climate change issue does not bode well 

for future success.  In addition, given that the model assumes significant future population 

growth and the continuation of past trends in income growth, the A2 scenario fits well with other 

assumptions of our model.  The Parry findings also present two cases for each scenario: one in 

which added CO2 in the atmosphere has a fertilization effect which helps plants grow faster and 

therefore offsets declines in yield due to temperature and precipitation changes, and one in which 

no such effect occurs.  The basic model assumes that CO2 fertilization effects do occur.  As an 

alternate scenario, the A1F1 (high future fossil fuel use) scenario was also tested under the 

assumption that CO2 fertilization effects do not occur as a sort of "worst-case" climate scenario. 

In addition, the data from the Parry paper assumes some ability for farmers to adapt to changing 

climate. 

The use of these projections makes several simplifications.  Firstly, it assumes that all 

crops will react equally to changes in climate, which is likely not the case in the real 

world.  Furthermore, it assumes that all regions of a given country will react the same, a 

necessary simplification given the resolution of the data available.  In addition, due to difficulty 

in reading the maps that provide the data in the paper, all yellow regions have been given an 

average assumed decrease in yield of 2.5 percent, even though this may be larger in some cases. 

Results 

This trade matrix represents world trade of cereals by region in millions of tons: 
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The results of the world cereal trade in 2025 and 2050 in million metric tons: 

Region 2007 2025 2050 

        

N. America 62 223 768 

S. America -43 69 388 

Asia -16 -342 -1,321 

Europe 17 92 138 

Africa -31 -31 85 

Middle East -16 -37 -107 

Oceania 15 26 48 

  

  

  

Region 1950 1960 1980 1990 2000 2009 

              

N. America 39 23 131 113 103 72 

S. America 0 1 -10 -11 -15 4 

W. Europe -25 -22 -16 22 20 9 

E. Europe 0 0 -46 -31 0 30 

Africa -2 0 -15 -25 -43 -48 

Asia -17 -6 -63 -83 -80 -84 

Oceania 6 3 19 14 21 17 
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Alternate Scenarios 

Stronger Effects Due To Climate Change 

The same paper that was referenced earlier for climate change also illustrated more 

severe climate impacts in 2020 and 2050.  While the main model uses the climate scenario where 

the CO2 effect actually mitigates decreases in yields in some regions because crops actually need 

CO2 for growth, this new climate scenario had no Co2 fertilization effects and also used the 

A1/F1 scenario, which assumes high use of fossil fuels in the future.  The results of using this 

new climate scenario on yield changes was not significant.  The price of corn in 2050 increased 

from $312 to $331, the price of rice increased from $549 to $586, and the price of wheat 

increased $389 to $406.  Total production of cereal grains in 2050 dropped from 5.495 billion 

metric tonnes to 5.425 billion metric tonnes.  It appears that the model is not sensitive to 

significant climate changes.          

Sensitivity to Own-Price Elasticity of Demand 

As stated before, the model relies on own-price elasticity of demand data from the USDA 

Elasticity Database.  Rather than just relying on these values for elasticity, the model also factors 

in reasonable assumptions taken from class, as stated above.  In the basic model scenario, most 

Asian countries were assigned an elasticity value of around -.3.  In this scenario, the elasticity of 

demand was increased to -.5 to determine the sensitivity of the model to this factor.  The price of 

corn in 2050 dropped from $312 to about $266, the price of rice dropped from $549 to $456, and 

the price of wheat dropped from $389 to $348.  Total production of cereals increased from 5.495 

billion metric tonnes to 4.529 billion metric tonnes.  It is interesting to note that while the 

production decreases, the prices decrease as well, most likely because while supply is still 

increasing at the same rate, demand is increasing at a slower rate. Perhaps if the elasticity of 
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demand in more countries was scaled back, then there would be a larger difference in the prices, 

but with such a small scaling, this change in the model did not have a significant effect on the 

overall prices. 

Conclusion 

 According to our model, the future seems rather grim.  The skyrocketing demand means 

soaring prices – prices that still will be out of reach for the world’s poorest people.  In fact, 

because the prices are growing faster than income, food will become too expensive for a higher 

percentage of people than it is today.  Because of the high correlation between high prices and 

smaller quantities of food aid given, there is also little hope that the poor could be fed through 

world food aid.  Moreover, although there is a much higher supply in the future, because food aid 

is often the surplus of a given country, and the supply is equally demand, there will be little 

surplus to ship to struggling countries.  This higher supply will also continue to tax our 

environment at unsustainable rate, and because of the high prices there will be little incentive to 

conserve.  The primary hope for the world is that our projections are not necessarily sustainable, 

and the world can change its ways in the years to come. 
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