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ABSTRACT 

The European Union sporadically imports large quantities of grain sorghum from 

the United States, causing trade distortion among the U.S., Mexico, and Japan, currently 

the only “large trading countries” of grain sorghum. The objective of this project is to 

analyze the causes of the European Union’s (EU) irregular large import demand of grain 

sorghum, and to develop import demand and probability econometric models in order to 

estimate their future grain sorghum demand. 

Single import demand and probability equations were solved using ordinary least 

squares (OLS) and logit regressions, respectively. Estimated parameters have the 

expected sign, are large in magnitude, and are statistically significant. After the models’ 

validation, the results were used in conjunction with Texas Tech University’s Grain 

Sorghum Model (TTUGSM) in order to forecast the impact of the EU’s occasionally 

large grain sorghum import demand on U.S. sorghum exports to Mexico and Japan, and 

U.S. sorghum price. The forecast period was from 2012 to 2022. Previous validation of 

TTUGSM indicates the model’s capability to estimate grain sorghum trade among the 

U.S. Mexico, and Japan, meaning that our findings accurately take into consideration the 

effect of the EU’s intermittent presence on world’s grain sorghum market.          
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CHAPTER I 

PROBLEM STATEMENT 

 

Sorghum is the third most important grain grown in the United States and the fifth 

most important grain grown in the world. Sorghum is one of the most drought-tolerant 

crops currently under cultivation. Sorghum develops in harsh environments where other 

crops do not grow well. It offers farmers the ability to reduce costs on irrigation and other 

on-farm expenses. The International Water Management Institute (IWMI) warns that by 

the year 2025, twenty-five percent of the world's population will experience severe water 

scarcity. Yet, water productivity on both irrigated and rain-fed acres can be increased 

through the planting of more water-use efficient crops like sorghum. In Africa and Asia 

sorghum is greatly used for human consumption, while in the rest of the world it is 

mainly used for animal feed. Also, sorghum can successfully substitute for corn and 

wheat in animal feed (it contains 90 percent of the nutrition value of corn). 

  Traditionally the leading exporting country of sorghum is the United States, 

followed by Argentina and Australia. The U.S. yearly exports over 50 percent of its 

sorghum supply. In the past decade sorghum had become one of the leading agricultural 

export commodities for the U.S. with the value of average annual exports of 

$660,807,584. On the other hand, leading importing countries are Mexico and Japan. 

However, recently the European Union became an important player in the word’s 

sorghum markets and positioned itself as the third largest importer of sorghum. 
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1.1 Current Situation at the World Grain Sorghum Market 

In general, most international trade for grain sorghum occurs among these three 

parties: the U.S., Mexico, and Japan. Other countries trade sorghum as well, however, 

historically, only these three countries are considered to be “large countries” in terms of 

grain sorghum international trade. The theory of international trade tells us that a country 

is considered a “large trading country” only if its trading positions (exports and/or 

imports) exceeds 10% of the global trade of the commodity being traded. If the country’s 

market positions (short and/or long) earn them the status of a “large trading country,” that 

country is considered to be a “price maker,” which has an important role in the 

international trade. Only countries that are consistently “price makers” are included in 

international trade models.   

  International trade of grain sorghum is reasonably steady if “large trading 

countries” remain large and “small trading countries” remain small. However, 

periodically so called “small importing countries” become “large importing countries” 

causing distortion of the world grain sorghum market. The European Union is a great 

example of this occurrence. Typically the European Union is a “small importing country” 

in terms of grain sorghum international trade. However, occasionally its countries import 

large quantities of sorghum, which destabilizes the world grain sorghum market. 

Figure 1.1 illustrates the EU’s imports of U.S. grain sorghum from the previous 

ten crop/marketing years. The entire EU in the last ten years, on average, annually 

imported about 714.4 thousand metric tons of sorghum from the U.S. Within this period 
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the EU transformed to a “large importing country” three times. The period that caught 

our attention was during the crop/marketing years of 2006/07 and 2007/08. The EU’s 

imports of U.S. grain sorghum were unusually high; in 2006/07 went up by 929.1 percent 

(from 134,000 metric tons in 2005/06 to 1,379,000 metric tons in 2006/07); in 2007/08, 

the EU’s imports went up by 177.95 percent (from 1,379,000 metric tons in 2006/07 to 

3,833,000 million metric tons in 2007-08). In the crop/marketing year 2006/07, the EU’s 

imports of sorghum accounted for 26% of the global sorghum imports, and in 2007/08, 

remarkable 58% of the global sorghum imports.

 

Figure 1.1. The EU’s Imports of U.S. Grain Sorghum                                                                     

Source: United States Department of Agriculture/Foreign Agricultural Service    
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Since the price is a reflection of fundamental forces of supply and demand, this 

precipitous increase in the EU’s demand for sorghum resulted in a substantial surge in 

international price of sorghum. Figure 1.2 illustrates movement in the world’s price of 

sorghum in the previous ten calendar years. Since the U.S. is the major player in world 

grain sorghum trade, international market prices are determined by the supply and 

demand situation in the U.S.  Clearly, increase in the EU’s import demand for U.S. grain 

sorghum had a positive correlation with world’s price of sorghum. Every time when the 

EU increased its role in the world’s sorghum market, which is when it suddenly becomes 

a “large importing country,” the international price of sorghum increases.  

 

Figure 1.2. International Price of Grain Sorghum 

Source: The World Bank 
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In the crop/marketing year 2006/07 by importing large quantities of sorghum 

from the U.S., the EU caused an increase in international price of sorghum by 32.52 

percent (from $123 per metric ton in 2006, to $163 per metric ton in 2007). Furthermore, 

in the crop/marketing year 2007/08, when the EU further increased its imports, the price 

of sorghum jumped another 27.61 percent and it was traded on international markets for 

$208 per metric ton. Within this period of the EU’s aggressive import demand for 

sorghum, the international price of sorghum surged by 69.11 percent. 

At first glance it appears that U.S. sorghum exporters considerably benefited from 

this large and unexpected EU’s import demand for grain sorghum. However, further 

analysis, presented in the following chapters, shows that the contrary might happen. After 

their recent imports, the EU established itself as a third largest importer of U.S. grain 

sorghum, along with Mexico and Japan. While Mexico and Japan have historically 

maintained their “large importing country” status, the EU imports tend to fluctuate. From 

a business standpoint, satisfying needs of major importing countries with relatively stable 

demand should be a priority. In the last ten years Japan and Mexico (on average) 

imported 870,000 and 2,653,000 (respectively) metric tons of grain sorghum from the 

U.S. During the same period the EU imported (on average) 714,000 thousand metric tons, 

per year, from the U.S. These numbers clearly show that Mexico and Japan are the two 

major importers of U.S. grain sorghum, which indicates that the U.S. sorghum producers 

should strive to preserve a long-term partnership with these two countries.  

During the period (2006/07 – 2007/08) when the EU imported large quantities of 

sorghum from the U.S., Mexico’s and Japan’s imports of sorghum declined. This implies 
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that there was either not enough sorghum for Mexico and Japan or its price was too high 

and they were forced to use substitutes. After the period 2006/07 – 2007/08, the EU’s 

imports of U.S. sorghum dramatically decreased to near zero, while Japan’s and 

Mexico’s imports increased but not up to the same level as before. This suggests that the 

U.S. may have lost a significant share of its sorghum exports due to the volatility of 

market conditions induced by the EU’s intensive intermittent import demand. 

As was emphasized earlier, satisfying needs of major importing countries with a 

stable demand should be a priority, but also taking advantage of irregularly large imports 

should not be disregarded; due to lucrative profits they offer. Therefore, the objectives of 

our research are: to find the causes of the EU’s inconsistent import demand for U.S. grain 

sorghum; and to identify tools for predicting the EU’s import demand surge. By 

analyzing our research and following its findings, U.S. sorghum producers may better 

understand the causes behind the EU’s import demand for sorghum in the future. Also, 

the association of sorghum producers may use our findings to be prepared for the next 

time the EU substantially increases its sorghum imports and becomes a “large importing 

country.” Furthermore, they can use these facts for risk management strategies in order to 

capture profits from periodically “large importing country” while preserving their ties 

with traditionally “large importing countries.”  
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1.2 General Objectives of the Study 

1. Deliver key economic and commodity information about grain sorghum trade. 

2. Investigate the EU’s production, consumption, and import trends of grain sorghum;     

    and other two major animal feed grains, corn and wheat, likely substitutes for sorghum. 

1.3 Specific Objectives of the Study 

1. Estimate the EU’s import demand for grain sorghum.  

2. Estimate the probability of the EU becoming a “large importing country” in terms of   

     grain sorghum international trade.  

3. Exogenously incorporate the EU as a “large importing country” into Texas Tech  

    University’s Grain Sorghum Model and forecast certain export scenarios and price  

    movements.  

4. Suggest risk management strategies to U.S. grain sorghum exporters. 
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CHAPTER II 

LITERATURE REVIEW 

 

The purpose of this chapter is to provide needed information to better understand 

all the aspects of this research. This chapter is divided into three sections. The first 

section offers an overview about the history of grain sorghum, the structure of the U.S. 

grain sorghum industry, factors affecting the feed industry, utilization of grain sorghum, 

trends in international trade of grain sorghum, who the major importing and exporting 

countries are, and what causes movements in the price of grain sorghum. This succinct 

overview is represented by two papers: “Background for 1990 Farm Legislation” by 

Linwood Hoffman and William Lin (1990), and “The World Sorghum and Millet 

Economies: Facts, Trends, and Outlook” by the Food and Agriculture Organization of the 

United Nations (1995).  

The second section of this chapter provides theoretical vindication about 

econometric conceptions used in our study. Since the importance of import demand in 

trade theory is considered by economists a crucial topic, and is one of the main matters in 

our study, the first subsection provides representation of one of the most enduring papers 

on import demand. There are numerous studies done on import demand theory; however, 

“How Reliable are Simple Single Equation Specifications of Import Demand” by Jerry 

Thursby and Marie Thursby (1984) remains a classic example, and thus, is included in 

this chapter. Estimating the probability of the EU entering the world sorghum market as a 

“large importing country,” is another important matter of our study, therefore, the second 

subsection provides overview about the linear probability models. Two studies included 
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in this subsection are: “Linear Probability, Logit, and Probit Models” by John H. Aldroch 

and Forrest D. Nelson (1986); and “Conditional Probit Model for Qualitative Choice: 

Discrete Decisions Recognizing Interdependence and Heterogeneous Preferences” by 

Jerry A. Hausman and David A. Wise (1976).  

Finally, the last section of this chapter covers and rigorously explains relevant 

previous work done on international trade of grain sorghum. The papers included here are 

“Grain Sorghum International Trade: U.S.-Mexico Simulation and Estimation Model” by 

Jaime E. Malaga and Bing Liu (2010), and “Grain Sorghum International Trade Model” 

by Jaime E. Malaga and Teresa Duch-Carvallo (2010). 

2.1 Grain Sorghum Background 

In their paper “Background for 1990 Farm Legislation,” Hoffman and Lin (1990) 

specify Kansas, Texas, Nebraska, and Missouri as states which produce over 80 percent 

of U.S. sorghum. The authors also emphasize livestock and poultry feeding as major 

grain sorghum consumers, accounting for around 98 percent of total domestic use of 

grain sorghum. Among the feed grains grown in the U.S., acreage for grain sorghum is 

second to that for corn. According to the FAO’s study, “The World Sorghum and Millet 

Economies: Facts, Trends, and Outlook,” (1995), the world trade in grain sorghum is 

intensely associated with demand for livestock products, which is controlled by feed 

requirements and prices. Since trade is largely for animal feed, with only 6 percent of 

world grain sorghum trade directed to human consumption needs, traded volumes are 

very sensitive to sorghum/corn price gaps due to their nutritious similarity in animal 
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feeding (sorghum has about 95 percent of the feeding efficiency of corn in livestock 

rations) and can vary significantly. 

 Grain sorghum requires less water than corn (about one-third of water that corn 

requires), and therefore its performance is better in areas frequently affected by severe 

droughts, such as in the Central and Northern Plains. In their paper, Hoffman and Lin 

(1990) classified animal feed into three categories: roughages, protein feeds, and energy 

feeds. Grain sorghum is fed mostly as a carbohydrate for energy, and it faces competition 

from other energy feeds.  According to the “Background for 1990 Farm Legislation,” 

grain sorghum is ranked second in U.S. coarse grain production, right after corn, while on 

the world stage, it is third; corn and wheat are ranked one and two respectively. However, 

grain sorghum has some hidden advantages over corn and wheat. Grain sorghum offers a 

risk-reduction option to farmers because it is drought resistant and is planted in spring, 

while wheat is planted in fall, and it is a great alternative if conditions are not favorable 

for wheat. Also, grain sorghum is harvested from February through June, so the harvest 

area can be expanded to take advantage of shortfalls in Northern Hemisphere’s coarse 

grain crops.      

 The authors mentioned that overall there are just two large sorghum importers, 

Mexico and Japan, and they account for about 80 percent of all global imports. Another 

large importer is Spain, which committed, once it entered the European Community, to 

importing around 300,000 metric tons of grain sorghum every year. It is believed that in 

Mexico and Japan, white meat is preferred. Certain quantities of yellow corn in poultry 

rations change the color of meat, and that is one of the reasons grain sorghum is more 
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desirable than corn in those two countries. Another important explanatory reason might 

be the relative price of grain sorghum with respect to corn. Grain sorghum is usually 

cheaper than corn and more readily imported by Mexico and Japan. It is also worth 

noticing that the share of the world grain sorghum imports by developing countries has 

been progressively growing, reflecting their growth in domestic livestock production 

(Hoffman and Lin, 1990).  

Argentina, China, Mexico, India, Australia, and the U.S. are major producers of 

grain sorghum, and together they supply more than 90 percent of its global export 

volume. Mexico, China, and India produce around 36 percent of the world’s sorghum, 

but they are not exporters (Hoffman and Lin, 1990). The U.S. is the largest exporter, 

supplying around three-quarters of all exports; therefore, international market prices are 

determined by the supply and demand situation in the U.S. Therefore, a FAO 1995 study 

concludes that export prices are based on the reference to sorghum, US Milo no.2, 

yellow. Also, the study determines that, since grain sorghum is almost completely traded 

for feed, market quotes are narrowly linked to price movements for other feed-quality 

grains; like barley, corn, and wheat. Furthermore, the same study reveals that many 

developed countries do not have specific national production of grain sorghum or price 

policies for grain sorghum. Alternatively, grain sorghum is greatly affected by national 

policies for corn, rice, wheat, and other cereals. 
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2.2 Import Demand and Probability Econometric Models 

2.2.1 Import Demand Econometric Models 

In order to define which of the regularly used single equation models of import 

demand are the most suitable, Thursby and Thursby (1984) studied nine models of 

aggregate import demand for five different countries (United States, United Kingdom, 

Japan, Canada, and Germany). The authors began with the simplest form of import 

demand equation, Q = f(P, Y), which indicates that the quantity of imports demanded (Q) 

is a function of price of imports relative to all other goods (P) and income or activity 

variable (Y). Later they went on exploring whether it was appropriate to evaluate 

aggregate import demand elasticity with some of the often used extensions. The criterion 

for model acceptance was unbiasednes (or consistency) of parameter estimates.  

All models were structured differently. They were composed from the following 

dependent and independent variables: lagged values of both dependent and independent 

variables, value of the dependent variable lagged one period, and income and price 

lagged one period. Some of the models split income into its cyclical and trend 

components; some contained more general specifications, and some relaxed the implied 

assumption of the other models that demand is homogeneous of degree zero in income 

and prices. It is important to mention that models were estimated in their basic forms, and 

with dummy variables included to test for a change in demand function or nonconstancy 

of the income coefficient.  
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In choosing among models, researchers generally relied on following three 

specification tests: examination of sign and significance of coefficients in the equation, 

comparison of adjusted R
2 

among the models, and the Box – Cox procedure for choosing 

among alternative functional forms. Thrursby and Thursby (1984) postulated the 

procedures they adopted, and on which they relied in their research. The procedures 

adopted by the authors were a test for first order autocorrelation (AC), the regression 

specification error (RESET), followed by nested test, and test for non-first order 

autoregressive processes (LRS). The insignificant value of tests statistics implied that 

there was no problem with specification and the OLS estimates were retained for those 

models. The preferred model was the one that provided the minimum variance (efficient) 

elasticity estimator. Both linear and log–log, specifications for each model were tested. 

Different results were obtained for different models and different countries. At the end 

the authors came up with two conclusions. The first one was that all models performed 

poorly. The second conclusion was that frequent acceptance of certain models gives us 

the right to select an appropriate type of the model by applying assured statistical choice 

procedures.  

The majority of the models that remained accepted after all testing were the 

models that contained dynamic behavior through lagged values of the dependent 

variables. On the contrary, the models that were rejected most often were models that 

contained no lagged adjustments. The main conclusion of this study was to emphasize the 

importance of specification tests when choosing among different import demand 
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equations, mainly RESET and LRS tests. The procedures suggested in Thrursby’s and 

Thursby’s (1984) study will be closely followed for validation of our model.       

2.2.2 Linear Probability Econometric Models 

Aldrich and Nelson (1984) briefly clarified the theory behind a dichotomous 

dependent variable and the linear probability model. The authors concisely drew the line 

between regression models that contain continuous dependent variable and regression 

models whose dependent variable takes on only two values (zero and one). In regression 

models where the dependent variable is assumed to be continuous, dependent variable is 

free to take on any value from negative infinity to positive infinity. However, when 

dependent variable equals either zero or one the expected value of dependent variable 

decreases to the probability that it equals one. This implies that the right hand side of the 

regression equation must be inferred as a probability, constrained to between zero and 

one.  

Aldrich and Nelson (1984) also revealed that if dependent variable takes on only 

two values, then error term can take on only two values itself. Result of this conclusion 

keeps OLS estimates unbiased, but assumption that error term has a constant variance 

cannot be preserved anymore. Now, the variance of the error term will scientifically 

fluctuate with the values of the independent variables. Therefore, despite the fact that 

OLS regression estimates of a linear probability model are unbiased, its estimates will be 

inefficient.  
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The authors proposed a solution to this problem in mind of OLS adjustment by 

weighted estimator. Furthermore, the problem of inefficiency is solved with the two step 

weighted estimator. The first step is a normal OLS regression of the dependent variable 

on independent variables. These estimates are then used to make the set of weights for 

each observation, which are just the reciprocals of the estimated standard error of the 

error term. In the second step, each component of the equation is multiplied by these new 

set of weights. The new OLS regression is now not just unbiased but also efficient. It is 

important to point out that with the new regression researchers cannot sufficiently use the 

R-squared anymore. The R-squared from the second step properly reports the portion of 

the variance explained by the weighted dependent variable not the original one. However, 

there are certain ways of re-computing R-squared, which, once it’s re-computed, makes 

its interpretation unchanged.  

Hausman and Wise (1976) among other things made a comparison between logit 

and probit probability analysis. According to the authors, in numerous alternative 

situations the most commonly used method is a generalization of logit analysis, known as 

conditional logit analysis. At first, Hausman and Wise (1976) provided overview of key 

variations between the models. Computational simplicity is a main advantage of 

conditional logit analysis and that is why it is favored over other theoretical opportunities. 

On the other hand, its main disadvantage is a property named the “independence of 

irrelevant alternatives.” Stochastic specification of the probabilities between conditional 

probit analysis and logit analysis was pointed out as one of the core dissimilarities. 
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 According to the authors, the probit specification is based on the multivariate 

extreme value distribution, while the logit formulation results on the univariate extreme 

value distribution. Despite the fact that both models are likely to “fit the data”, what will 

differ significantly is the predicted effect of the introduction of a new alternative 

constructed on one model from that of the other. Furthermore, Hausman and Wise (1976) 

went on explaining both models separately. In their study, the authors emphasized that 

the conditional probit model rests on the assumption that its error term have a 

multivariate normal distribution. Conversely, the conditional logit model is based on the 

assumption that its error terms are independently and identically distributed with extreme 

value density functions.  

Whereas for many problems the logit choice model is satisfactory, for some 

problems (when contain changes that are close substitutes for each other) its specification 

is too obstructive. However, since the independent probit and the logit models lead to 

nearly identical empirical results, the authors postulates that it can be expected that the 

models have some similar properties. Both models assume independence, thus, after 

normalizing the variances, the distribution which forms the basis of the model is 

relatively similar. Since the independent probit and the logit models give practically 

identical results, implicit comparison between logit and probit models is possible. For this 

study we will use the model that fits the purpose of our objective the best.  
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2.3 Grain Sorghum International Trade Econometric Models 

Since Mexico and Japan are traditionally the two largest importers of U.S. 

sorghum, most of the previous work about international trade in grain sorghum was 

focused on exposing the causes of Mexican and Japanese excess demand and the U.S. 

excess supply. Many factors, which could possibly, draw demand for the U.S. grain 

sorghum; from Mexico and Japan were taken into consideration. Also, the U.S. excess 

supply was derived from domestic production and domestic consumption needs. Two 

international trade models for grain sorghum, including the U.S. as a major supplier; and 

at first just Mexico, and then both Mexico and Japan as major importers, were 

established. However, the impact of the European Union on the world’s grain sorghum 

market was never seriously considered, and therefore the EU was included only 

implicitly in trade models as a part of ROW (rest of the world) trade. The objective of 

this section is to digest and evaluate previous research done on international trade for 

grain sorghum. 

Malaga and Liu (2010) made a major contribution in revealing the functions of 

the U.S. excess supply and Mexico’s excess demand. They estimated a partial-

equilibrium econometric U.S. - Mexico simulation and trade forecast model for grain 

sorghum. This econometric model contains nine functional relationships and eight 

identities, which are all estimated simultaneously, using Seemingly Unrelated Regression 

(SUR). Since their research placed emphasis only on the North American market 

(specifically the U.S. and Mexico) the estimation of the model was limited. Estimation of 
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the demand side includes only Mexico, which could be improved by including other large 

importers of sorghum, specifically Japan and the EU. 

 Malaga and Liu (2010) stated that when Mexico first reduced and then eliminated 

import tariffs on corn, in 2008, Mexican feedstock users started to shift from imports of 

U.S. grain sorghum to imports of corn, which resulted in a drastic reduction in U.S. 

sorghum demand. Since corn is a substitute for sorghum in animal feed, elimination of 

tariffs on corn imports certainly had some negative impacts on demand for U.S. grain 

sorghum. However, the elimination of import tariffs on corn by Mexico may not be a 

single culprit for reduced demand for U.S. grain sorghum. If the situation in the EU were 

observed during a period 20006/07 – 2007/08, the authors’ conclusion might be different. 

Within that period the EU surpassed Mexico, and became the largest importer of U.S. 

grain sorghum by purchasing nearly 75 percent of the entire U.S. excess supply. This 

indicates that Mexico was most likely forced to switch to corn imports because it faced a 

shortage in its regular grain sorghum supply. It is of interest to observe if leaving Mexico, 

and at some degree Japan, without enough grain sorghum (during 2006/07 – 2007/08 

period) was a good decision by grain sorghum producers. This issue will be examined 

latter in this study.   

Duch-Carvallo and Malaga (2010) included Japan in their grain sorghum 

international trade model. Overall 25 equations were simultaneously incorporated into a 

system by three stage least squares regression (3SLS). Equilibrium prices, quantities, and 

net trade were determined by linking excess demand and supplies across countries and 

relating country prices to a world price, in this case the U.S. price. Utilization of the 
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model enables various numbers of simulations that effectively address trade of grain 

sorghum among the U.S., Mexico, and Japan. By looking at observed and simulated 

scenarios available, large swings, mainly in demand, supply, and price of sorghum, 

across all the nations, can be noticed. Even though the model contains a remarkable 

amount of useful information, these movements were left unexplained.  

Mexico and Japan jointly consume approximately 90 percent of the U.S. grain 

sorghum available for exports, and therefore Duch-Carvallo and Malaga (2010) assumed 

that production, consumption, and trade of grain sorghum in other countries are too small, 

and hence will not affect the overall grain sorghum international trade. Ten percent of 

overall grain sorghum exports, represented by the ROW variable, mostly end up in the 

EU and in some African nations. It should be noted that percentage of sorghum exported 

to Mexico, Japan, and ROW are based on the past 30 year’s average. If exports of U.S. 

grain sorghum were analyzed on a year-by-year basis it can be observed that the EU 

plays a more important role in international trade of grain sorghum.  

The EU is certainly not as consistent in importing U.S. grain sorghum as Mexico 

and Japan, but they undoubtedly, with their unexpected entry in grain sorghum 

international markets, affect supply, demand, and prices of sorghum on the global level. 

As emphasized earlier, the EU irregularly imports large quantities of grain sorghum from 

the U.S. causing a great surge in international prices of sorghum, as well as shortages in 

available supply for Mexico and Japan. Since the EU was never seriously taken into 

account in examining international sorghum trade, the goal of this research is to 

investigate reasons behind the EU’s demand for U.S. grain sorghum, and to test what 
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impact the EU’s entrance in the global market for grain sorghum has on the international 

trade. 
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CHAPTER III 

CONCEPTUAL FRAMEWORK 

 

This research aims at exploring the causes of the European Union’s irregular 

imports of U.S. grain sorghum. Periodically countries from the EU import large 

quantities of sorghum from the United States and destabilize the global sorghum market. 

In order to be able to benefit from the EU’s suddenly large import demand of sorghum, 

one must know what the reasons behind their unexpected need for sorghum are. 

Therefore, the first objective of our research was to find the reasons for this variation and 

the resulting market disruption.  

The first section of this chapter reveals the causes of the EU’s precipitous increase 

in demand for sorghum. Here we focused on analyzing the EU’s production and 

consumption of sorghum and two other major animal feed grains, corn and wheat (likely 

substitutes of sorghum). The analysis systematically tracks the EU’s production and 

consumption patterns of these three grains. In our analysis we also include the EU’s 

yearly imports of sorghum, corn, and wheat. Certain relationships between imports of 

sorghum and production/consumption patterns of corn and wheat are found and explained 

throughout this section.  

The second section of this chapter theoretically explains the structural change that 

happen in grain sorghum international trade model when the EU suddenly becomes a 

“large importing country.” Short-term and long-term scenarios caused by the EU’s 

disruption of sorghum international trade are illustrated with the series of three-panel and 
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four-panel graphs. The effect of contagious risk on fundamental forces of supply and 

demand of sorghum, caused by market disruption is also discussed in this section. 

3.1 Problem Background 

Our analysis starts by following Japan’s, Mexico’s, and the EU’s imports of U.S. 

sorghum. While Japan and Mexico are traditionally the major importers of U.S. sorghum, 

so called “large importing countries,” the EU imports vary significantly from year to 

year. The EU’s unexpected imports of sorghum, typically large in volume, cause 

distortion of sorghum’s international price. When this happens, main importers of U.S. 

sorghum, Japan and Mexico, are left with reduced supplies and might be induced to look 

for sorghum substitutes.  

The period of particular historical interest was from 2006/07 – 2007/08. During 

this period it can be observed that the EU’s large imports of sorghum from the United 

States resulted in Japan’s and Mexico’s decline of sorghum imported from the U.S. This 

implies that there was either not enough sorghum for Japan and Mexico or its price was 

too high and they were forced to use substitutes. After the crop/marketing year 

2007/2008, the EU’s imports of U.S. grain sorghum greatly decreased, while Japan’s and 

Mexico’s imports increased but not up to the same level as before. Figure 3.1 clearly 

shows Japanese, Mexican, and the EU’s import trends of U.S. sorghum in last ten 

crop/marketing years. This graph suggests that the U.S. may have lost a significant share 

of its sorghum exports due to the volatility of market conditions induced by the EU’s 

intensive import demand.   
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Figure 3.1. Japan’s, Mexico’s, and the EU’s Imports of U.S. Grain Sorghum 

Source: United States Department of Agriculture/Foreign Agricultural Service 

 

Since the EU’s production of sorghum is fairly stable and also low in volume, a 

substantial increase in its consumption is what causes surge in the EU’s excess demand 

for sorghum. Figure 3.2 shows the pattern of EU’s production, consumption, and imports 

of sorghum, plus the share of imports coming from the U.S. The graph also reveals that 

the EU imports most of the sorghum from the United States. The first, and the most 

important, question that actually initiated this research was the following: What causes 
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the increase in sorghum consumption in the EU?  This is the question on which our 

analysis lends insight. 

 

Figure 3.2. The EU’s Production and Consumption of Grain Sorghum, Total Imports of 

Grain Sorghum, and Imports from the U.S. 

Source: United States Department of Agriculture/Foreign Agricultural Service 

Since our question cannot be answered from just analyzing production, 

consumption, and import trends of sorghum in the EU, we included other variables in the 

analysis. Through our research we discovered that sorghum in the EU is mainly used for 

animal feed. In view of the fact that corn and wheat historically have been the most used 
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grains for animal feed in Europe, we concluded that the large increase in sorghum 

consumption is related to the availability of these two grains. Therefore we added the 

production and consumption cycles of these two commodities to our analysis in order to 

explore the reasons explaining why consumption of sorghum periodically increases in 

large volumes. 

Observation of the EU’s corn and wheat production patterns, over the last ten 

crop/marketing years, indicates large swings and points out to a frequent instability in 

national supply of these two grains. On the other hand the EU’s consumption of the same 

grains is reasonably stable. Furthermore, by closely following the EU’s import trends of 

corn and wheat we exposed interesting facts, relevant to our research question.  

When the EU’s production of corn was low, the shortage of corn was mostly 

replenished with its imports. The contrary happened with wheat. When the EU’s 

production of wheat was low, the scarcity of wheat was not restocked with its imports. 

By comparing the quantities of wheat imported by the EU with their level of production, 

it can be observed that the import path of wheat slightly decreased during the period 

while production was shrinking. This can be clearly recognized from the next two Figures 

3.3 and 3.4, which represent the EU’s production, consumption, and imports of corn and 

wheat (respectively) in last ten crop/marketing years. A logical question that arises here is 

why European countries did not replenish their shortages of wheat by importing the same 

grain.  
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Figure 3.3. The EU’s Production, Consumption, and Imports of Corn 

Source: United States Department of Agriculture/Foreign Agricultural Service 

 

Figure 3.4. The EU’s Production, Consumption, and Imports of Wheat 

Source: United States Department of Agriculture/Foreign Agricultural Service 
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Before we proceed with further analysis, it is important to mention that when 

production of corn and/or wheat is reduced, most of the time the EU still has an excess 

supply of these two grains, which is noticeable from the last two Figures. However, in 

period of reduced production (of corn and/or wheat) the majority of available grains are 

exhausted by human consumption, while domestic livestock is left without enough 

domestically produced feed. Therefore, in order to fully satisfy their animal feed 

requirements, the EU imports low quality wheat and corn. In the case of price distortions, 

of these two grains, the EU is forced to look for the substitutes.  

After analyzing the last two Figures and following the EU’s pattern of sorghum 

imports, we are led to question whether the EU’s increase in consumption of sorghum 

was mainly due to a decrease in production of wheat. In order to further examine this, we 

analyzed international prices of wheat, corn, and sorghum. Figure 3.5 represents the 

international prices of wheat, corn, and sorghum in last ten calendar years. Here we can 

notice that the price patterns of corn and sorghum are actually close to each other, while 

the price pattern of wheat is considerably higher than both. This is an important point of 

our research because from here we can evidently see the reason why and when the EU 

imports sorghum.  

Previously we learned that when the production of corn goes down, imports of 

corn go up (this is presented in Figure 3.3). While imports of corn certainly do not fully 

replenish the shortages caused by lower production, they are large enough in volume that 

we can conclude that sorghum is not mainly imported as a substitute for corn. Also, 

earlier we observed that the EU does not import wheat when the production of wheat 
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goes down (this is presented in Figure 3.4). The rationale for this is the high price of 

wheat, which makes the EU countries turn to alternative solutions. For that reason, we 

can bring our argument to a close by saying that periodically precipitous imports of 

sorghum are closely related to wheat production and its price. 

 

Figure 3.5. International Prices of Corn, Wheat, and Grain Sorghum 

Source: The World Bank 

 

Last but not least, we would like to illustrate who are the largest importers of U.S. 

sorghum within the EU. Figure 3.6 represents the top five importing countries of U.S. 

sorghum in a period from 2002-2011. This graph portrays Spain as (traditionally) the 

largest player in the European market when it comes to imports of sorghum. Among 

other countries that have a considerable share of imports are Belgium, France, Italy, and 
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Netherlands. In 2007, Spain by itself imported 60 percent of all the sorghum that came to 

the EU that year. The next year, the EU imported even more sorghum from the U.S., and 

Spain was again the largest importer. Their imports of sorghum went up by more than 

$139 million, and accounted for 54 percent of the total sorghum imported by the EU.   

 

Figure 3.6. Top Five Grain Sorghum Importers from the EU 

Source: UN Comtrade 

 

The major substantive conclusion of this section is that the European Union’s 

demand for U.S. sorghum depends on their domestic production level of one of the two 

most used animal feed commodities, wheat, and its international price. In order to show 

what impact the present findings have on sorghum trade, a theoretical framework of grain 

sorghum international trade is next introduced.  
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3.2 Theoretical Framework of Grain Sorghum International Trade 

 In general, the international trade is exchange of wealth, goods and/or services 

across international territories. In order for exchange to take place, both exporter and 

importer of a certain commodity need to consolidate their interests for trade. In 

international trade of a particular commodity, there are usually many countries involved, 

forming a complex international trade model. Since, traditionally there are only three 

“large trading countries” in trade of sorghum (the U.S., Mexico, and Japan), as advocated 

by Duch-Carvallo and Malaga (2010), we are facing a simplified version of international 

trade model.   

As the world’s largest exporter of grain sorghum, the U.S. alone represents the 

supply side in the model; Mexico, Japan, and others (others account for approximately 10 

percent of world’s imports), together represent the demand side in the model. When there 

are no disruptions in the international market for grain sorghum, caused by either 

exporter or importer, the international trade model of grain sorghum looks like the one 

illustrated by the Figure 3.7.  
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Figure 3.7. Grain Sorghum International Trade Model 

Figure 3.7 (illustrated by three-panel graph), graphically explains international 

trade model of grain sorghum. Starting from the left side, we have the U.S., representing 

the exporting countries of grain sorghum to the world market. The interaction of its 

supply and demand curves leads to a starting point of excess supply in the middle graph, 

which represents the world grain sorghum market. On the far right side, we have 

Mexico/Japan/Others, representing the world’s largest importers of grain sorghum. The 

interaction of their supply and demand curves leads to a starting point of excess demand 

in the middle graph, which, again, signifies the world grain sorghum market. The middle 

graph shows interaction of excess supply and excess demand curves in the world market 

for grain sorghum. The point where curves intersect forms the international price of grain 
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sorghum (horizontal black line crossing all three graphs), and also represents the quantity 

of grain sorghum traded at the world market (vertical black line in the middle graph). 

Blue dashed horizontal lines, in graphs representing both exporting and importing 

countries, indicate quantity of sorghum supplied and quantity of sorghum demanded. 

Table 3.1 explains the meaning of each symbol in Figure 3.7. It is important to 

note that this international trade model of grain sorghum, represented by three-panel 

graph, is not formed by using the real data. In further analysis we will be using the same 

symbols. However, we will occasionally assign different colors to the symbols in order to 

emphasize the model’s structural change that occurs under certain circumstances.     

Table 3.1. Explanation of the Symbols from the Figure 3.7 

S  Supply curve of grain sorghum. 

D  Demand curve for grain sorghum. 

ES Excess supply curve of grain sorghum. 

ED Excess demand curve for grain sorghum. 

QD Quantity of grain sorghum demanded, by either exporter 

or importer. 

QS Quantity of grain sorghum supplied, by either exporter 

or importer.  

Qt Quantity of grain sorghum traded at the international 

level. 

Pw World’s (international) price for grain sorghum 

Px Price of grain sorghum in the U.S. 

Pm Price of grain sorghum for importing country 

P Refers to the prices of grain sorghum, represented by 

vertical x-axis.  

Q Refers to the quantity of grain sorghum, represented by 

horizontal x-axis.  
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International trade models are usually affected by some sort of a change, initiated 

by either exporter and/or importer of a commodity being traded. Each modification to the 

model needs to be captured and analyzed in order to evaluate possible scenarios those 

changes have upon the model. Since we are analyzing the impact of the EU’s increased 

import demand on grain sorghum international trade, we will next focus on illustrating 

possible consequences to the grain sorghum international trade model imposed by the 

EU’s irregularly large imports. Figure 3.8, demonstrates what happens to the world grain 

sorghum market after the EU suddenly becomes a “large importing country” in terms of 

grain sorghum international trade. 

Figure 3.8. Short-Term Impact of an Increase in Demand for Grain Sorghum (Coming 

from the EU) on the World’s Grain Sorghum Market  
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In the Figure 3.8 (illustrated by three-panel graph), the EU replaced the variable 

“Others” in the far right graph, which represents importing countries of grain sorghum. 

As emphasized earlier, Mexican and Japanese demand for grain sorghum is steady and it 

does not fluctuate largely. What causes a large change in international trade of sorghum 

is the EU’s unpredicted demand, which substantially surges from time to time. Figure 

3.8, shows what happens to the international trade of sorghum immediately after an 

increase in the EU’s demand for sorghum.  

At first glance, one may observe that this increase in demand means that U.S. 

grain sorghum exporters reached bonanza. Demand curve, at the far right graph shifted 

outward, signaling increase in demand for grain sorghum. Now, a new demand curve 

intercepts the supply curve at a higher point, forming a new starting point for excess 

demand in the world grain sorghum market (middle graph). Subsequently, the excess 

demand curve shifts outward, intersecting the excess supply curve at a higher point, 

hence, forming a new international price for grain sorghum (red horizontal line crossing 

all three graphs), and creating a new quantity of sorghum traded on the international 

market (red vertical line in the middle graph). The red horizontal line, which refers to a 

new world’s price of grain sorghum, is higher from previous world’s price. 

Correspondingly, prices of sorghum in exporting country (the U.S.) and importing 

countries (Mexico, Japan, and the EU), Px and Pm, respectively, went up as well. Also, it 

is important to recognize a new quantity of sorghum traded in the world’s market, Qt, 

after the increase in demand coming from the EU. Qt (middle graph) shifts to the right, 

Qt, indicating an increase in trade of grain sorghum. Quantity of sorghum demand and 
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supply, in exporting and importing countries also changes, reflecting the impact of a price 

surge.  

After taking all the changes into consideration, it can easily be concluded that the 

EU’s increase in demand for grain sorghum is beneficial to U.S. sorghum exporters.  At 

this point, it seems that U.S. sorghum exporters lucratively seize opportunity caused by 

an increase in demand for grain sorghum, by boosting its exports and selling more 

sorghum at the higher price. However, this is just a temporarily situation. By focusing 

only on the far right graph, and splitting it into demand of each import participant, 

together with the world grain sorghum market, other conclusions may appear. Figure 3.9 

emphasizes an immediate scenario of an increase in demand of sorghum (caused by the 

EU) faced by import participants of international trade for grain sorghum.  

 

Figure 3.9. Evaluation of Increase in the EU’s Demand for Grain Sorghum, and its 

Impact on the World’s Market, and Two “Large Importing Country” of Grain Sorghum, 

Mexico and Japan 
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A starting point in analyzing Figure 3.9 (illustrated by the four-panel graph) is the 

graph to the far right side, which represents the world grain sorghum market. An outward 

shift in excess demand, caused by an increase in the EU’s demand for grain sorghum, 

(shown in the graph that refers to the EU) results in higher international price and 

increase in quantity of sorghum traded (movement from Qt to Qt). The first two graphs 

(from left to right); representing Mexico and Japan, respectively, reveal what happens 

with “large importing countries” of grain sorghum after a surge in international price.  

At this point it is important to note that we assigned the same sorghum price, Pw, 

to the each importing country due to the easiness of price interpretation. In reality the 

price of sorghum will be different for each importing country. Transportation costs and/or 

currency’s exchange ratios will determine the “real” sorghum price for each importing 

country. These two price indicators are cost sensitive and usually have big impact on 

international trade. For example, due to the geographical positions of these three 

countries, transportation costs of sorghum delivery to Mexico will be cheaper than 

transportation costs of sorghum delivery to the EU and/or Japan. This may ultimately 

result in lower price for sorghum importers in Mexico. However, even though the world’s 

price of grain sorghum in Figure 3.9 (and in the subsequent four-panel graph Figures), 

does not illustrate the “real” sorghum price in each importing country, it does accurately 

take into account the price movement that is likely to happen after the EU’s large import 

demand of sorghum; and/or after the EU goes back to its low level of sorghum imports.                   
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The most emphasis in Figure 3.9 is placed on the symbols QD, QD, and QD which 

refer to the original quantity of sorghum demanded by each importer (QD), and the change 

in quantity demanded after an increase in the EU’s imports and price surge (QD and QD). 

At this occurrence an increase in quantity demanded, QD, occurs only in the EU, while it 

decreases in Mexico and Japan, QD, the two largest importers of grain sorghum. This 

implies that Mexico and Japan both reacted negatively, due to either unavailability of 

sorghum or its price surge. As a result of that, they do not import the same amount of 

sorghum as they regularly do. Willingness of the EU to pay a higher price is rational 

knowing that they created the new situation in the market. In this situation, decrease in 

quantity demanded from Mexico and Japan, QD, is more than compensated with increase 

in quantity demanded from the EU, QD, which ultimately result in increase in quantity 

traded at the world grain sorghum market, Qt. If the EU is a repeatedly “large importing 

country” of grain sorghum, emerging market condition would be exceptionally beneficial 

to the U.S. grain sorghum industry.  

An increase in quantity traded and surge in international price of sorghum is 

something sorghum exporters would certainly welcome. When this happens, and it’s 

caused by a reliable customer, such as Mexico and/or Japan, U.S. sorghum producers are 

in a favorable position. However, when an increase in demand and surge in international 

price is caused by an unreliable sorghum importer, such as the EU, market distortions 

likely occur. Figure 3.10, illustrates what happens immediately after the EU returns to 

their typically low imports of sorghum.       
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Figure 3.10. Market Distortion after the EU’s Aggressive Buy Out of U.S. Grain   

Sorghum  

 

Figure 3.10 (illustrated by four-panel graph), exemplifies a scenario of what 

happens after the EU imports almost the entire U.S. excess supply of grain sorghum, and 

then returns to their usual imports. This is also a common example of market distortion, 

induced by an irregular importer. Here, it can be observed that when the EU’s quantity of 

sorghum demanded goes back to their usual level, QD, the world’s price of sorghum 

remains at approximately the same level (red vertical line crossing each graph). As a 

result of higher world’s price and/or unavailability of grain sorghum, Mexican and 

Japanese demand, QD (first two graphs from the left side), decrease. Since, there is no 

more compensation from the EU’s increased demand for sorghum, in a long-term 

decrease in quantity traded at the world grain sorghum market is registered, Qt. It is 

important to note that the EU may import large quantities of sorghum from the U.S. two 
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or even three crop/marketing years in a row, as was the case in the period 2006/07 – 

2007/08. However, eventually the EU will return to their normal consumption of 

sorghum, and consequently being a “small importing country” again.  

The graph in Figure 3.10, which refers to the world’s grain sorghum market, 

stresses what happens as soon as the EU reduces its sorghum consumption. This should 

be of serious concern to U.S. sorghum exporters, because it indicates that they may lose a 

significant share of their exports that were going to Mexico and Japan. When the EU 

becomes a “large importing country”, U.S. sorghum exporters clearly face a short-term 

vs. long-term benefit game. Choosing short-term opportunity, and chasing extra revenue, 

conveys many hidden costs that could not be easily recognized. Therefore, we created 

another four-panel graph, illustrated by the Figure 3.11, to demonstrate what the long-

term impact is on the world grain sorghum market, after trade and consequently price 

distortion.   
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Figure 3.11. Long-Term Impact of Market Distortion on Grain Sorghum International 

Trade 

 

In Figure 3.11 (illustrated by the four-panel graph), it can be noticed that, as the 

result of decrease in quantity traded, the world’s price of sorghum, at first, goes down to 

its original level (black horizontal line crossing all four graphs). After a market distortion 

caused by a substantial increase in the world’s price of grain sorghum Mexican and 

Japanese demand for sorghum declines. Despite the fact that price of sorghum returns to 

the original level, their demand does not. This is presented in the first two graphs from 

the left side, by inward shift of Mexican and Japanese demand curves. The reason behind 

this occurrence could be that Mexico and Japan, in the absence of U.S. sorghum and its 

high price, turn to new sorghum suppliers or they turn to some alternative solutions. Their 

decrease in demand, subsequently led to an inward shift of excess demand curve at the 
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world grain sorghum market, which ultimately forms a new international price of 

sorghum (red horizontal line crossing each graph). This occurrence inevitably disturbs 

and destabilizes the U.S. grain sorghum industry in terms of reduced exports (less 

quantity of sorghum traded at the world grain sorghum market, Qt).   

 In this section, a graphical illustration of a theoretical framework of international 

grain sorghum trade model was provided by Figure 3.7. With the subsequent Figures we 

simulated the short-term and long-term impacts of the EU’s irregularly large imports of 

grain sorghum on the world grain sorghum market. Clearly, a long-term scenario 

(decrease in international price and quantity of sorghum traded) will be harmful to the 

U.S. sorghum exporters. Thus, we next focus on establishing econometric models, whose 

goals will be to estimate the EU’s import demand for sorghum and calculate the 

probability of that event happening in the future. When the EU becomes a “large 

importing country” of sorghum again, with the tools such as ones provided by our models 

U.S. sorghum exporters will be able to effectively structure their pricing and exporting 

strategies so that they benefit from the short-term opportunities without taking a hit in the 

long-run.   
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CHAPTER IV 

METHODS AND PROCEDURES 

 

The general objectives of this research were to explore the causes of the European 

Union’s unanticipated demand for grain sorghum and to analyze its short-term and long-

term implications on the world grain sorghum market. Graphical analysis from the 

previous chapter clearly illustrates what causes the EU’s increased consumption of grain 

sorghum. When the production of wheat shrinks, the EU is unable to compensate for it by 

importing wheat due to its high international price. This shortage of wheat is replaced 

with grain sorghum, which is used for animal feed, largely imported from the U.S. 

Occasionally large quantities of grain sorghum imported by the EU disturb and 

destabilize the international trade of grain sorghum. The price distortion caused by 

unexpected imports from the EU usually hurts all the participants that are involved in 

international trade of sorghum, mainly the “large importing countries,” Mexico and 

Japan.  

The volatility of prices tends to support autarkic pressures. Therefore, the role of 

the EU in the global sorghum markets, even though considered insignificant in the past, 

proves to be important. It is also important to note that due to the EU’s boom-bust import 

sequences, the U.S. sorghum exporters may not benefit in the long-run. In the previous 

chapter, with Figure 3.11 we clearly exposed what are the possible long-term impacts of 

this occurrence. The reason behind this is that U.S. sorghum producers sell their grains on 

a first-come-first-served basis in the cash markets.  Futures markets for sorghum are not 
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established; therefore, there are no contracting agreements for the trade of sorghum, 

which stimulates sorghum exporters to take advantage of short-term opportunities 

whenever they occur. Thus, when the EU’s consumption of sorghum unexpectedly 

increases, due to their shortage of wheat, they are welcome to buy as much sorghum as 

they need because they offer a better price. Since the EU purchases large quantities of 

sorghum, at a higher price, from the U.S., Mexico and Japan are left without their needed 

supply.  

On average, in the last ten years, Mexico and Japan imported 2,653,000 and 

870,000 metric tons per year (respectively) from the U.S. When the EU entered sorghum 

markets in the period 2006/07 – 2007/08, by buying off almost the entire U.S. excess 

supply, Mexican and Japanese imports of sorghum substantially decreased. After 

crop/marketing year 2007/08, Mexico and Japan were importing annually 2,248,000 and 

460,000 metric tons of sorghum from the U.S. In a period of the EU’s intensive buying, 

Mexico and Japan were forced to replace their excess demand for sorghum with some 

alternative solutions. Moreover, it is recognized that after 2008, Mexico started to 

produce more sorghum domestically, and Japan started to import more full-grown 

animals, while reducing the imports of animal feed. Thus, it is clear that both countries, 

since they suffered losses due to uncertainty of sorghum supply, are actively seeking 

alternative, and less risky solutions, in order to securely satisfy their demand for animal 

feed. Allowing this occurrence could be a double-edged sword for U.S. sorghum 

exporters, which the numbers from above clearly show. As emphasized in the previous 
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chapter, the EU’s irregularly large imports provide short-run benefits to sorghum 

exporters in the U.S., but it could hurt them in the long-run. 

After concluding that decrease in production of wheat is the main cause for the 

EU’s increase in consumption of sorghum, and consequently large imports of sorghum, 

we shifted our focus towards determining specific objectives of our study. In order to 

estimate the EU’s import demand for sorghum single log-log linear equation model was 

established. For meeting the goals of our second specific objective a linear probability 

model was constructed. “Theory Behind Import Demand Equations” by Thursby and 

Thursby (1984) and “Conditional Probit Model for Qualitative Choice: Discrete 

Decisions Recognizing Interdependence and Heterogeneous Preferences” by Jerry A. 

Hausman and David A. Wise (1976) were closely followed when choosing models. All 

the modeling scenarios suggested by these two studies were taken into consideration 

before establishing our own models. Econometric models, introduced in this chapter, 

provide useful tools for estimating the EU’s import demand for sorghum and estimating 

the probability of the EU becoming a “large importing country” in terms of grain 

sorghum international trade.  

The rationale behind choosing single demand and probability equation 

econometric models, instead of more complex simultaneous equation models, is because 

the EU is considered to be, most of the time, a “small importing country” of sorghum. In 

terms of international trade a “small trading country’s” contribution to trade of a certain 

commodity is less than ten percent of overall trade volume. In other words, the country is 

considered to be a “small trading country” if it’s short or long positions in markets does 
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not affect the world’s price of that particular commodity. However, here, we are not 

dealing with a typical “small country” case. The EU from time to time, with its 

unexpectedly large imports, shocks the world’s grain sorghum market and becomes a 

“large importing country.” Since the EU is usually a price taker, and just occasionally a 

price maker, single equation econometric models used in our study accurately estimate 

their import demand and probability of the “large importing country” occurrence 

happening in the future. It is important to note that various types of structural demand and 

probability econometric models were taken into consideration and that they did not 

significantly improve the outcome produced with the single equation models.                

4.1 Econometric Models’ Specification 

For the purpose of this study, single log-log linear equation for the EU’s sorghum 

import demand was constructed, 

Log IMPOFSORt = β0 + β1 Log STURWt + β2 Log PRSWt+ β3 Log RPCGDPt + Ɛt      (4.1) 

where, Log IMPOFSORt  is the dependent variable, and it refers to the EU’s  import 

demand for sorghum; Log STURWt
1
, Log PRSWt

2
, and  Log RPCGDPt are explanatory 

variables, representing stock-to-use-ratio of wheat in the EU, the international price ratio 

of sorghum to wheat, and real per capita GDP in the EU (respectively); and Ɛt  is the 

disturbance term. Stock-to-use-ratio of wheat portrays the most appropriate ration of 

supply and demand interrelationship of wheat in the EU; price ratio, which in theory is  

1
 stock-to-use-ratio = (beginning stock + total production – total use) ÷ total use 

2
 price ratio between sorghum and wheat = price of sorghum ÷ price of wheat 
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termed as a relative price, refers to the change in price between sorghum and wheat that 

will stimulate a change in the EU’s demand for grain sorghum; and real per capita GDP 

will take into account how the change in the EU’s purchasing power affects their demand 

for sorghum. Also, as it can be seen, we transformed the dependent variable as well as all 

explanatory variables to logarithm forms because log-log specification provided better 

results. Another reason for choosing log-log specification is because the log-log model 

assumes a constant elasticity over all values of the data set which allows us to directly 

interpret parameter’s coefficients as elasticities. 

Probability events are usually ignored by most models. However, this does not 

mean that they should be overlooked. Therefore, after establishing log-log linear import 

demand econometric model, we created the probability econometric model in order to 

take into consideration what is the probability of the EU becoming a “large importing 

country” in terms of grain sorghum international trade. 

The probability model refers to a type of logit regression analysis used for 

predicting the outcome of a binary dependent variable, a variable which can take only 

two possible outcomes (in our case “large importing country” vs. “small importing 

country”). The objective of logit regression is to describe the relationship between the 

explanatory variables and the outcome, so that the outcome can be correctly predicted for 

a new data point for which only the explanatory variables are available. 

Our binary dependent variable “large importing country” has two levels now: 0 

and 1. We assigned level “1” to the periods when the EU’s imports of sorghum exceeded 
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10% of the global sorghum imports; that is when the EU was a “large importing country” 

in terms of international trade. On the other hand, we assigned level “0” to the periods 

when the EU’s imports of sorghum were below 10% of the global sorghum imports; that 

is when the EU was a “small importing country” in terms of international trade. 

Explanatory variables STURW, PRSW, and RPCGDP kept the same values. Since we are 

interested in estimating the probability of the EU becoming a “large importing country” 

we have specified that our model is to predict the “event” of a “large importing country” 

= 1. Our probability model is given by: 

Probability (Large Importing Country = 1) = F [STURW, PRSW, RPCGDP]           (4.2) 

where, F is the cumulative distribution function of the standard normal.  

This section has introduced and described econometric models that were used in 

our research. Next sections comprise detailed data description and descriptive statistics. 

In the next chapter we will present and discuss the results that were provided by the 

previously presented econometric models.  

4.2 Data Collection 

Data for graphical analysis presented in the problem background section of a 

previous chapter consists of ten crop/marketing years (2002/03 – 2011/12) for certain 

graphs, and ten calendar years (2002-2011) for other graphs. In order to completely 

capture the effects of the EU’s imports of sorghum, we expanded data for our 

econometric models. Data for econometric models introduced in this chapter, consists of 

forty-two crop/marketing years (1970/1971 – 2011/2012), for certain variables, and forty-
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two calendar years for other variables. The data sources that were used in the present 

research are summarized in Tables 4.1, and 4.2. Despite the fact that monthly data would 

probably more effectively emphasize the importance of the explanatory variables, 

unavailability of monthly data for one of the explanatory variables prevented us from 

using it. Therefore, data for all the variables included in our econometric models was 

collected on an annual basis. 

Table 4.1. Utilized Data Sources for Graphical Analysis 

Data series Sources Years 

The EU’s imports of 

sorghum. 

United States Department of 

Agriculture/Foreign 

Agricultural Service (PS and 

D online). 

2002/03 – 2011/12 

Imports of the U.S. 

sorghum from Japan, 

Mexico, and the EU. 

United States Department of 

Agriculture/Foreign 

Agricultural Service (PS and 

D online). 

2002/03 – 2011/12 

The EU’s production and 

consumption of sorghum, 

wheat, and corn. 

United States Department of 

Agriculture/Foreign 

Agricultural Service (PS and 

D online). 

2002/03 – 2011/12 

The EU’s imports of wheat 

and corn. 

United States Department of 

Agriculture/Foreign 

Agricultural Service (PS and 

D online). 

2002/03 – 2011/12 

International prices of 

sorghum, wheat, and corn. 

The World Bank. 2002 – 2011 

Top five importers of 

sorghum from the EU. 

UN Comtrade. 2002 – 2011 
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Table 4.2. Utilized Data Sources for Econometric Models 

Data series Sources Years 

The EU’s imports of 

sorghum. 

United States Department of 

Agriculture/Foreign 

Agricultural Service (PS and 

D online). 

1970/71 – 2011/12 

Stock-to-use-ratio of wheat 

in the EU. 

United States Department of 

Agriculture/Foreign 

Agricultural Service (PS and 

D online). 

1970/71 – 2011/12 

International price ratio of 

sorghum to wheat. 

The World Bank. 1970 – 2011  

Real Per Capita GDP ERS International 

Macroeconomic Data Set. 

1970 – 2011  
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4.3 Descriptive Statistics 

Table 4.3 offers extensive statistical summary of data used for econometric 

models. Data contains 42 observations. During this time horizon, the EU, on average, 

imported 946.64 thousand metric tons of grain sorghum. The range for this data is from 7 

thousand metric tons to 5,267 million metric tons. Standard deviation was 1083.94 

million metric tons. The EU’s average stock-to-use-ratio of wheat in the course of 

observation period was 0.2484487. The stock-to-use-ratio of wheat ranged from 

0.049781 to 0.5263293, and its standard deviation were 0.1188706. Average price ratio of 

sorghum to wheat for the last 42 years was 0.7306752. Price ratio ranged from 0.6259787 

to 0.9434907. Standard deviation for the price ratio of sorghum to wheat was 0.0741039. 

Average of real per capita GDP during this time horizon was $20,954.24. It ranged from 

$13,036.55 to $$28,843.59; its standard deviation was $4,910.18.        

Table 4.3. Descriptive Statistics 

Variable Label N Mean Std Dev Minimum Maximum 

Imports of 

Sorghum 

Imports of 

Sorghum 

42 946.6428571 1083.94 7.00 5267.00 

Stock-to-

Use-Ratio 

of Wheat 

Stock-to-

Use-Ratio of 

Wheat 

42 0.2484487 0.1188706 0.049781 0.5263293 

Price Ratio 

of Sorghum 

to Wheat 

Price Ratio 

of Sorghum 

to Wheat 

42 0.7306752 0.0741039 0.6259787 0.9434907 

Real Per 

Capita GDP 

Real Per 

Capita GDP 

42 20954.24 4910.18 13036.55 28843.59 
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CHAPTER V 

RESULTS AND DISCUSSION 

 This chapter has been divided into three main sections. The first section, which is 

broken down into two subsections, provides a discussion of the results provided by the 

previously introduced econometric models. The second section shows how our 

econometric models can be used in conjunction with Texas Tech University’s sorghum 

model (TTUGSM) to create certain forecast scenarios of U.S. sorghum exports to Mexico 

and Japan, and U.S sorghum price. 

5.1 Estimation of the Econometric Models and their Results 

5.1.1 Log-Log Linear Import Demand Econometric Model 

The model attempts to estimate and explain the EU’s import demand for sorghum 

as a function of natural logarithm of stock-to-use-ratio of wheat (Log STURW), natural 

logarithm of price ratio of sorghum to wheat (Log PRSW), and natural logarithm of real 

per capita GDP (Log RPCGDP). The structure of the equation given by log-log 

specification model was: 

Log IMPOFSORt = β0 + β1 Log STURWt + β2 Log PRSWt + β3 Log RPCGDPt + Ɛt     (5.1) 

A summary of the results, produced by the OLS regression, for this import demand 

equation is provided in Table 5.1. 
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Table 5.1. Summary of the Results Provided by the EU’s Grain Sorghum Import Demand   

Econometric Model 

 

Before we proceed with the interpretation of this log-log linear import demand 

econometric model it is important to note that while price ratio of sorghum to wheat 

successfully captures the variation in price between these two commodities, price of each 

commodity itself would more effectively explain the reasons behind the EU’s import 

demand of sorghum. However, high correlation between price of sorghum and price of 

wheat created a mullticolinearity problem which prevented us from including price of 

each commodity into the model. The only statistically appropriate way to include both 

prices, price of sorghum and price of wheat, in this import demand econometric model 

was through the price ratio of sorghum to wheat. 

From the t-values it can be inferred that explanatory variable Log STURW is 

statistically significant at 98% significance level, explanatory variable Log PRSW is 

statistically significant at 95% significance level, and explanatory variable Log RPCGDP 

is statistically significant at 99% significance level. Also, as illustrated in Table 5.1, with 

R-square value, explanatory variables explained 40.59% of the variation in the EU’s 

Explanatory 

Variable Names 

Coefficients Standard 

Errors 

t-Value R-square 

and Durbin 

Statistics 

Log Stock-to-

Use -Ratio of 

Wheat 

-0.97674 0.39516 -2.47 R-square: 

0.4059 

Log Price Ratio 

of Sorghum-to-

Wheat 

-4.61008 2.19281 -2.10 Adj. R-

square: 

0.3590 

Log Real Per 

Capita GDP 

-3.03298 0.88518 -3.43 Durbin 

Watson: 

1.896 
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import demand for sorghum. The Durbin Watson statistic of 1.896 specifies that serial 

autocorrelation is not present in this model. After we concluded that explanatory 

variables are statistically significant and that there is no serial autocorrelation present in 

our log-log linear import demand econometric model, we tested for the presence of 

multicollienarity by using the following procedures: observation of adjusted R-square and 

standard errors, auxiliary regression, and observation of correlation matrix. 

Adjusted R-square of the regression and the explanatory variables’ standard errors 

are not unusually high, implying absence of multicollinearity problem. Next we 

proceeded with the auxiliary regression, which is a regression of each explanatory 

variable on all other explanatory variables. Regression of Log STURW on Log PRSW 

and Log RPCGDP produced an R-square of 0.3018, regression of Log PRSW on Log 

STURW and Log RPCGDP produced an R-square of 0.2835, and regression of Log 

RPCGDP on Log STURW and Log PRSW produced an R-square of 0.2604. Compared 

to the R-square of 0.4059, from the original model, R-squares from the auxiliary 

regressions are significantly lower which also indicates that there is no mullticolinearity 

problem. Lastly, the correlation matrix, illustrated by Table 5.2, also reveals that there is 

no high multicollinearity among explanatory variables. Therefore, after testing these three 

procedures we can strongly conclude that our model does not suffer from the presence of 

multicollinearity. 

 

 

 



Texas Tech University, Milos Kustudija, August 2012 

54 
 

Table 5.2. Summary of the Correlation Coefficients 

 Log Imports 

of Sorghum 

Log Stock-to-

Use -Ratio of 

Wheat 

Log Price 

Ratio of 

Sorghum-to-

Wheat 

Log Real Per 

Capita GDP 

Log 

Imports of 

Sorghum 

1.00000 -0.44596 0.07810 -0.53229 

Log Stock-

to-Use -

Ratio of 

Wheat 

-0.44596 1.00000 -0.47688 0.44998 

Log Price 

Ratio of 

Sorghum-

to-Wheat 

0.07810 -0.47688 1.00000 -0.42609 

Log Real 

Per Capita 

GDP 

-0.53229 0.44998 -0.42609 1.00000 

 

Furthermore, as suggested by Thursby and Thursby (1984), we performed the 

RAMSEY RESET test (general specification test) to test for the linearity of the model. 

To calculate the RAMSEY test statistic, we did two stage regressions. The first 

regression regresses the dependent variable on explanatory variables. The predicted 

values from that regression are calculated, and then the auxiliary regression regresses the 

dependent variable on all explanatory variables plus the square, cube, fourth power, and 

so on, of the predicted dependent variable. Each of our new explanatory variables 

(predicted value of the dependent variable) was not statistically significant even at 80% 

significance level, which strongly suggests that the model is not missspecified. Based on 

all the previous tests we can conclude that our model is valid and ready to be used as a 

tool for tactical risk management techniques by the U.S. sorghum exporters. 
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The complete specification for the log-log linear import demand econometric 

model is given by: 

Log IMPOFSORt = 33.28572 – 0.97674 Log STURWt – 4.61008 Log PRSWt – 

                                             – 3.0.298 Log RPCGDPt + Ɛt                                                                        (5.2) 

From the equation (5.2) it can be observed that the elasticity estimation of the 

EU’s imports of sorghum with respect to stock-to-use-ratio of wheat is negative 0.97674, 

meaning that, when holding other explanatory variables constant at zero, an increase in 

stock-to-use- ratio of wheat of one percent will lead to a decrease in the EU’s imports of 

sorghum by 0.97674 percent. Also, it can be noticed that the elasticity estimation of the 

EU’s imports of sorghum with respect to price ratio of sorghum to wheat is negative 

4.61008, meaning that, when holding other explanatory variables constant at zero, an 

increase in price ratio of sorghum to wheat of one percent will cause a decrease in the 

EU’s imports of sorghum by 4.61008 percent.  

It is important to note that since explanatory variable Log PRSW presents a 

logarithm form of price ratio which depends on the prices of two variables, price of 

sorghum and price of wheat, its increase and/or decrease can occur from different 

scenarios. Table 5.3 summarizes how the move of one variable, while holding the other 

variable fixed, affects the price ratio.  

Lastly, the estimated elasticity of the EU’s imports of sorghum with respect to 

real per capita GDP is negative 3.03298, meaning that, when holding other explanatory 
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variables constant at zero, an increase in real per capita GDP of one percent will cause a 

decrease in the EU’s imports of sorghum by 3.03298 percent. 

Table 5.3. Summary of Movement in Price Ratio of Sorghum to Wheat as a Result of an 

Increase or Decrease in one Variable, while Keeping other Variable Fixed  

* ↑ indicates increase in price of sorghum or wheat; ↓ indicates decrease in price of 

sorghum or wheat; + indicates upward movement in the price ratio; – indicates downward 

movement in the price ratio. 

Also, it is important to point out that other explanatory variables were included in 

the model to verify their impact on the EU’s import demand for sorghum. OLS 

regressions with the various combinations of explanatory variables – in linear, log-linear, 

and lagged structures – were done. The explanatory variables included were: exchange 

rate (Euro, U.S. $), live animals growth in the EU, population growth in the EU, and 

price of corn. Each one of these explanatory variables, when included in the model – 

either jointly, separately, or in combination with STURW, PRSW, and RPCGDP – 

provided statistically non-significant coefficient estimators. This proved that our 

graphical analysis from the previous chapter was an adequate tool for choosing 

explanatory variables for our model. Also, this verified that the EU’s availability of 

wheat, international price movement of sorghum to wheat, and real per capita GDP in the 

EU are the most important factors explaining the EU’s import demand for grain sorghum.  

 

Variable Price Ratio of Sorghum to Wheat 

Price of sorghum   ↑ + 

Price of wheat       ↓ + 

 Price of sorghum   ↓ – 

 Price of wheat       ↑ – 
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5.1.2 Linear Probability Econometric Model 

The model’s structure was given by:   

 Probability (Large Importing Country =1) = F [STURW, PRSW, RPCGDP]           (5.3) 

This linear probability model attempts to predict each explanatory variable’s probability. 

Probabilities produced by the logit regression can be multiplied by explanatory variable’s 

values in order to calculate final probability of the EU becoming a “large importing 

country” in terms of international trade of grain sorghum. Based on the calculated normal 

probability (number of occurrence of an event out of all possible outcomes), each year 

there is a 28.57% chance that the EU will become a “large importing country” of 

sorghum. Other results produced by the logit regression are summarized in Table 5.4. 

Table 5.4. Summary of the Results Provided by Logit Regression from Linear Probability 

Econometric Model 

Explanatory 

Variables 

Names 

Coefficients Standard 

Errors 

Wald Chi-

Square  
p-Values  Testing 

Global 

Null 

Hypothesis  

p-Values 

Stock-to-Use 

-Ratio of 

Wheat 

–14.4330 4.4895 10.3353 0.0014 Likelihood 

Ratio Chi-

Square: 

22.5637  

0.0001 

Price Ratio of 

Sorghum to 

Wheat 

–6.9395 4.4607 2.4202 0.1361 Score Chi-

Square: 

16.7093 

0.0008 

Real Per 

Capita GDP 

–0.00004 0.000056 0.6024 0.4532 Wald Chi-

Square: 

12.9541 

0.0047 
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From Table 5.4 it can be observed that the coefficients’ magnitude of STURW 

and PRSW explanatory variables are much larger than the coefficient’s magnitude of 

RPCGDP explanatory variable; this means that STURW and PRSW carry more weight in 

probability estimation of the EU becoming a “large importing country” of sorghum. The 

difference between the standard errors of STURW and PRSW explanatory variables is 

small, suggesting that neither coefficient is dominant. By observing the p-values of each 

coefficient separately, it can be seen that the explanatory variable STURW is statistically 

significant at 99% significance level, while the explanatory variables PRSW and 

RPCGDP are not statistically significant even at 90% significance level. The low 

significance level for PRSW and RPCGDP explanatory variables should not be of a 

concern due to the results provided by the global null hypothesis testing. The global null 

hypothesis testing is based on Likelihood Ratio, Score, and Wald tests. Based on the 

tests’ p-values, the same conclusion can be inferred from each test; at least one of the 

predictors’ regression coefficients is not equal to zero in the model. This result indicates 

that all three explanatory variables are jointly statistically significant at 99% significance 

level.  

The complete specification from the logit regression is given by: 

F (8.4658 – 14.4330 STURW – 6.9395PRSW – 0.00004 RPCGDP)                            (5.4) 

From the equation (5.4) we observe negative values for all explanatory variables, other 

than intercept, meaning that an increase in the parameters will lead to a decrease in the 

predicted probability. However, the interpretation of the coefficients in the logit 
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regression is not as straightforward as the interpretation of the coefficients in the log-log 

linear import demand econometric model. The main dissimilarity lays in the fact that the 

coefficient’s estimates in the logit regression do not change by common difference or 

common factor. Hence, an increase in probability indorsed, for example, to 0.1 units 

increase in a given parameter is dependent both on the values of the other parameters and 

the starting value of the given parameters.  

Since the explanatory variables stock-to-use-ratio of wheat and price ratio of 

sorghum to wheat distinguished themselves as major forces explaining the EU’s demand 

for sorghum, we carefully examined the historical data of these two variables in order to 

find certain values for which the EU substantially enlarges it imports of sorghum. 

Observation of historical data suggests that the EU increases its imports of sorghum, that 

is, it becomes a “large importing country” of sorghum, when their STURW comes down 

to 0.185, and/or when PRSW is below 0.7. 

 To show how our probability model can be effectively used, we will examine the 

change in the probability of the EU becoming a “large importing country” of sorghum 

when the PRSW falls below the “trigger” point of 0.7, keeping STURW and RPCGDP at 

their respective means. This example is provided by the following two equations:  

F ((8.4658 – (14.4330 * 0.2484487) – (6.9395 * 0.78) – (0.00004 * 20954.24)) =  

             = 0.202452                                                                                                       (5.5) 

 F ((8.4658 – (14.4330 * 0.2484487) – (6.9395 * 0.68) – (0.00004 * 20954.24)) =  

             = 0.336911                                                                                                       (5.6) 
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The result from equation (5.5) shows that the logit regression predicts that the 

probability of the EU becoming a “large importing country” of sorghum, given the values 

of explanatory variables, is 20.25%. The result from equation (5.6) indicates that the logit 

regression predicts that the probability of the EU becoming a “large importing country” 

of sorghum, given the values of explanatory variables, is 33.69%. The only difference 

between equations (5.5) and (5.6) is the value at which PRSW explanatory variable is 

taken. The decrease in PRSW under its “trigger point” of 0.7, that is the change from 0.78 

to 0.68, proved to have a big impact on the probability of the EU becoming a “large 

importing country” of sorghum.  

By subtracting the result from equation (5.5) from the result provided by equation 

(5.6), it can be observed that the predicted impact of a decrease in PRSW of 0.1, holding 

everything else constant, is an increase in the probability of the EU becoming a “large 

importing country” of sorghum by 13.45%. The difference between the two equations is 

relatively big, considering the small change in PRSW explanatory variable. 

 This probability model can be used for various other scenarios. By closely 

following the values of STURW and PRSW and applying those to our probability model, 

sorghum exporters could improve their profits in the future. With the use of this 

probability model sorghum exporters could be able to accurately anticipate the 

probability of the EU becoming a “large importing country” of sorghum. 

 

 



Texas Tech University, Milos Kustudija, August 2012 

61 
 

5.2 Econometric Models’ Conjunction with Texas Tech University’s 

Grain Sorghum Model 

Texas Tech University’s grain sorghum model (TTUGSM) is a multiple 

equations, partial equilibrium econometric model. This model includes behavioral 

equations for demand and supply in the U.S., Mexico, and Japan. Overall, 25 equations 

were simultaneously solved using three stage least squares regression (3SLS). After its 

validation, the model is now used for baseline projections and simulations of alternative 

scenarios. Statistics used for model’s validation proved its capability to effectively 

simulate grain sorghum trade between the U.S., Mexico, and Japan. 

All the previously explained validation procedures, such as autocorrelation, 

multicollinearity, and RAMSEY RESET tests, indicates that our econometric models can 

be successfully used for estimating the EU’s import demand for sorghum and the 

probability of the EU becoming a “large importing country” of sorghum. Since the EU is 

not constantly a “large importing country” of sorghum, including the EU into TTUGSM 

in the same way as the other countries were included (on the basis of fundamental forces 

of supply and demand) would be ambiguous. Before aggregating the results from our 

econometric models with TTUGSM, we first updated the TTUGSM up to 2011, and then 

extended the forecast period to 2022. 

In order to take into account the impact of the EU’s irregularly large imports of 

sorghum on grain sorghum international trade, we included the EU’s imports of sorghum 

in to the TTUGSM by exogenously instigating their importing quantities of sorghum 

through ROW (rest of the world) variable. Forecasts of U.S. sorghum exports to Mexico 
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and Japan, and U.S. sorghum price were examined and compared through four different 

forecast scenarios.  

The first forecast scenario represents the baseline of the updated TTUGSM 

(labeled as TTU Baseline). The second forecast scenario takes into account our 

projections of the EU’s imports of U.S. grain sorghum (labeled as TTU-EU Streamline); 

this was done by subtracting FAPRI’s
1
 forecasted EU imports of U.S. grain sorghum 

from the ROW variable, and adding back the values produced by estimation of our EU 

import demand econometric model.  

In the third and fourth forecast scenarios, which are examples of how unforeseen 

events could affect international trade of sorghum, we shocked the TTUGSM with the so-

called “stress tests.” Like all models, TTUGSM was based on historical data, so it could 

not be expected to predict an unexpected event, such as a traditionally “small importing 

country” becoming a “large importing country” of sorghum. In order to allow those 

unexpected events to show their impact on grain sorghum international trade, we replaced 

certain projected export targets with risk-adjusted export targets and formed two “stress 

tests.” Forecast scenarios represented by both “stress tests” are just an example of how 

the results of our probability model can be applied to TTUGSM in order to test for 

unforeseen events.     

1
 Projections of U.S. exports to ROW variable were obtained from FAPRI in the way that 

U.S. sorghum exports to Mexico and Japan were subtracted from the total value of U.S. 

sorghum exports. Since FAPRI’s projections do not predict shocks induced by irregularly 

large import demand from a traditionally “small importing country,” we manipulated 

ROW variable by including our projections of the EU imports of U.S. sorghum instead of 

FAPRI’s. 
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“Stress test 1” takes into account a situation in which the EU becomes a “large 

importing country” three times in the period 2012-2022 (labeled as TTU Baseline-Stress 

Test 1), by importing 26% of the world’s sorghum exports on each occasion. The 

rationale behind letting the EU become a “large importing country” three times is due to 

calculated normal probability (provided by our probability model) which resulted in a 

28.57% chance that the EU will become a “large importing country” of grain sorghum 

each year; therefore, a safe bet was to predict that the EU will enlarge their imports of 

sorghum at least three times in the period 2012-2022 (a scenario that also happened in the 

previous eleven years). On the other hand the reason behind choosing 26% of the world’s 

sorghum exports is because historically, that is the yearly average of the EU’s sorghum 

imports when it becomes a “large importing country.”  

“Stress test 2” was designed to simulate the unexpected volatility in sorghum 

trade, and its effect on U.S. sorghum exports to Mexico and Japan, caused by 

extraordinary occurrence (labeled as TTU Baseline-Stress Test 2). Here, we let the EU 

become a “large importing country” of sorghum just once by importing, 58% of the 

world sorghum exports. According to calculated normal probability, there is only 2.38% 

chance something like that will occur each year. Despite the fact that calculated normal 

probability is very low we wanted to take this extreme case into account because it 

already happened in the crop/marketing 2007/2008.   

Figure 5.1 illustrates previously described forecast scenarios and their impacts on 

U.S. grain sorghum exports to Mexico and Japan in the period 2012-2022. For the 

easiness of comparison and analysis we selected TTU Baseline forecast scenario to be a 
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benchmark in analysis of the following three Figures. From the Figure 5.1 it can be 

observed that forecast scenarios labeled as TTU Baseline and TTU-EU Streamline are 

moving in tandem. This infers that the ROW variable from TTUGSM, more or less, 

accurately takes into account the EU’s demand for U.S. grain sorghum when there are no 

unexpected events in grain sorghum trade. From these two forecast scenarios, it is 

noticeable that there are no large swings in U.S. exports of sorghum to Mexico and Japan. 

 

Figure 5.1. Forecasted Scenarios of U.S. Grain Sorghum Exports to Mexico and        

Japan for the Period 2012-2022 



Texas Tech University, Milos Kustudija, August 2012 

65 
 

On the other hand, forecast scenarios, labeled as TTU Baseline-Stress Test 1 and 

TTU Baseline-Stress Test 2, show how erratic U.S. exports to Mexico and Japan are 

when a “small importing country” unexpectedly becomes a “large importing country.” 

These forecast scenarios attempt to illustrate what will happen to U.S. sorghum exports to 

Mexico and Japan when U.S. sorghum exporters allow the EU to become a “large 

importing country” of sorghum.  

It is clear that U.S. sorghum exports to Mexico and Japan will substantially 

decrease in the years when the EU turns into a “large importing country” of sorghum; in 

“stress test 1” that happens in 2013, 2016, and 2017, while in “stress test 2” it occurs only 

in 2017. Also, from both “stress tests” forecast scenarios it can be observed that U.S. 

exports of sorghum to Mexico and Japan surge and even supersede exports forecasted by 

the first two scenarios, as soon as the EU goes back to their regular sorghum imports. In 

“stress test 1” that happens in 2014 and 2018, while in “stress test 2” it occurs only in 

2018. One of our main concerns here is the length of the adjustment period. Under both 

“stress tests” forecast scenarios, U.S. exports to Mexico and Japan do not match TTU 

Baseline forecast scenario until 2021. At this stage, the importance of good risk 

management techniques becomes increasingly meaningful. When this happens, U.S. 

sorghum exporters are facing risk-versus-reward game where all the scenarios should be 

carefully measured before making any decisions.           

After analyzing each forecasted scenario, the following question attracted our 

attention: Are those additional exports, projected by “stress tests,” enough to compensate 

losses that previously occur due to reduced exports to Mexico and Japan? The answer to 
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this question could be revealed by “Siegel’s Paradox,” which postulates that gains and 

losses are not symmetric; that is to say, losses are much worse. In this particular case, 

“Siegel’s Paradox” indicates that if U.S. sorghum exporters lose, for example, 20% of 

their share in exports to Mexico and Japan, in a given year, they will have to boost their 

export to Mexico and Japan at least 25%, in the next year, in order to get back to their 

export levels forecasted by TTU Baseline scenario. This will be even more appealing 

after analyzing forecasted scenarios of U.S. sorghum price.   

Figure 5.2 also illustrates earlier defined forecast scenarios with the emphasis of 

their effect on U.S. sorghum prices, during the period 2012-2022. From the Figure 5.2 it 

can be observed that forecasted scenarios of U.S. sorghum price are a reflection of a 

change in U.S. sorghum export distribution. Here, as well as in Figure 5.1, it can be seen 

that TTU Baseline and TTU-EU Streamline forecast scenario will move, more or less, in 

the same direction through the next eleven years. On the other hand, noticeable 

fluctuations in the movement of U.S. sorghum price occur under both “stress tests.” By 

comparing Figures 5.1 and 5.2 it is obvious that price surge happens in the same years 

when the EU becomes a ”large importing country” of sorghum; that is when the U.S. 

exports to Mexico and Japan sharply decline. 
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Figure 5.2. Forecasted Scenarios of U.S. Grain Sorghum Price for the Period 2012-2022 

 

Knowing that price of any commodity, in a free market, is a reflection of 

fundamental forces of supply and demand, the forecast scenarios of both “stress tests” are 

not surprising. Surge in sorghum price due to increased demand from the EU is 

immediately followed by sharp decrease in price. This price deterioration is a result of 

reduced demand for U.S. sorghum that occurs after the EU steps out from the sorghum 

market. As it can be seen, when that happens U.S. sorghum price is way below the 
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forecasted price level under TTU Baseline and TTU-EU Streamline forecasted scenarios. 

Which forecasted scenario is the most favorable to U.S. sorghum exporters, will be 

discussed next. 

 Figure 5.3 attempts to quantify the revenues U.S. sorghum exporters could 

generate in any of the previously described forecasted scenarios.  

 

Figure 5.3. Projected Revenues from U.S. Grain Sorghum Exports to Mexico and Japan 

for the Period 2012-2022 

 

From Figure 5.3 it can be observed that U.S. sorghum exporters will benefit the most by 

following the forecasted scenario provided by TTU Baseline. Also, once again TTU 

Baseline and TTU-EU Streamline forecast scenarios generated similar results. The 

difference between these two forecast scenarios, in the amount of $4,578,275 is 

insignificant when compared to the difference in revenues caused by “stress tests” 
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forecast scenarios. If the U.S. sorghum exporters decide to take advantage of the sudden 

opportunity created by the EU’s large import demand of sorghum (represented by “stress 

test 1”), leaving Mexico and Japan without sorghum could cost them about $53,589,942 

at the end of 2022. Moreover, choosing the scenario forecasted by “stress test 2” would 

cause enormous burdens to U.S. sorghum exporters according to our projections. Risking 

the share of their exports to Mexico and Japan by letting the EU to import extraordinary 

large quantity of sorghum just once during the period 2012-2022 could result in a loss of 

approximately $200,129,747. This is equivalent to about 4.3% reduction in the revenue 

projected by the baseline level.  

 Analysis of our projections clearly indicates that U.S. sorghum exporters will bear 

large and unnecessary risk if they do not preserve their partnership with Mexico and 

Japan, traditionally “large importing countries” of sorghum. However, it is important to 

mention that in this particular case U.S. sorghum exporters, if they choose any of the 

“stress tests” forecast scenarios, may recover their losses due to larger revenue collection 

from the EU’s sorghum importers. However, the real net effect will depend on the exact 

time when the EU becomes a “large importing country” of sorghum and the current 

discount rate. These factors can considerably modify the projected revenues from “stress 

tests” forecast scenarios; and since the both “stress tests” are based on our assumptions 

(becoming a “large importing country” three time in “stress test 1,” and once in “stress 

test 2”) we did not include the projected revenues U.S. sorghum exporters could generate 

from their exports to the EU. 
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Furthermore, consequences of being an unreliable supplier are not consistent as 

presented by our forecasts; there is a potential kink, after which changes in behavior of 

Mexican and Japanese sorghum importers could happen. Recalling the fact that Mexico 

and Japan, due to uncertainty of sorghum supplies, might turn to alternative solutions, 

such as producing more sorghum domestically, using different grains for animal feed 

and/or importing sorghum from other countries, U.S. sorghum exporters might be 

exposed to a risk which will result in much larger losses than our predictions suggest.  
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

6.1 Summary 

Throughout this paper we provided evidence that in the EU sorghum is mainly 

used as a wheat substitute for animal feed. The large quantity of sorghum that the EU’s 

countries periodically import from the U.S. is due to shortage of wheat held for animal 

feed. This usually happens when severe droughts and/or heavy rainfall hit the continent. 

Unavailability of wheat causes the surge in wheat prices which consequently makes 

sorghum a more attractive commodity in animal feed consumption. Previously 

established grain sorghum international trade models did not seriously take the EU’s 

sorghum trade positions into consideration. Since we proved that the EU from time to 

time becomes a “large importing country” affecting the world’s price of sorghum, better 

understanding of its sorghum market is highly desirable.  

Our econometric models contain notable amount of useful information and 

analysis about driving forces which motivates the EU to become a “large importing 

country” of sorghum. Stock-to-use-ratio of wheat and price ratio of sorghum to wheat 

proved to be main indicators of the EU’s large imports of sorghum. We also recognized 

the “trigger” points at which, when these two variables arrive, the EU likely becomes a 

“large importing country” of sorghum. Furthermore, as emphasized at the early stage of 

our study, selling off almost the entire supply to an occasionally “large importing 

country” such as the EU might be an unwise procedure by U.S. sorghum exporters. Our 

forecasted scenarios specify that periodically leaving Mexico and Japan, traditionally 
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“large importing countries” of sorghum, without their needed supply could result in a 

significant monetary loss for U.S. sorghum exporters. By following our study U.S. 

sorghum exporters may be able to prioritize among competing tactics and more clearly 

understand what strategy will bear them the most success in the future.  

Since, historically, Mexico and Japan together purchased around 90% of U.S 

sorghum exports, as a main priority we highly recommend preserving partnership with 

these two countries. Now that U.S. sorghum exporters understand what causes the EU’s 

increased demand for sorghum, they may identify future strategies with attractive risk-to-

reward ratios. This could be done in several different ways. Certain contracting 

agreements with Mexico and Japan would undoubtedly strengthen trading relationship 

with these two countries, while also leaving room for taking advantage of sporadically 

large import demand coming from the EU. This way Mexico and Japan will be certain to 

import pre-set quantity of sorghum while the rest of its excess supply U.S. sorghum 

exporters can make available to open markets. 

Our econometric models and forecast scenarios, provided by TTUGSM, could be 

used by U.S. sorghum exporters as a useful risk management tool. It can give them the 

insights of how could specific trade strategies add more revenue in terms of their overall 

exports. Every time new opportunities arise the U.S. sorghum exporters should ask 

following: What are the true risks assumed by each new opportunity? Forecasts will most 

likely be outcome but U.S. sorghum exporters should not set their strategies just on that. 

They need to follow both the forecasted scenarios and the results produced by our 

econometric models in order to successfully manage their risk. U.S. sorghum exporters 
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can rotate certain strategies with the purpose of navigating any setbacks that could 

possibly come from the EU’s increased demand for sorghum. One of the potential 

rotating strategies could be targeted toward improvement of efficiency in the distribution 

system. For example, more grain sorghum could be produced during the period of 

anticipated large import demand from the EU. Taking advantage of a new “large 

importing country” while not sacrificing their exports to Mexico and Japan is a win-win 

situation and it can be extremely lucrative for sorghum producers in the U.S. Also, 

knowing that sorghum prices sharply decreases as soon as the EU exits the sorghum 

market, when that happens, U.S. sorghum producers could produce less sorghum in order 

to prevent rapid price decline. By implementing this approach as a way of improving the 

distribution system in erratic markets, U.S. sorghum producers would force sorghum 

price toward equilibrium and trade distortion could be avoided. It is well known that if 

you have flexibility in turbulent market, the market will pay you for that flexibility; and 

flexibility is exactly what U.S. sorghum exporters will gain with these rotating strategies 

in their distribution system.   

There are numerous different strategies that could be implemented. However, the 

challenge is not so much to design the strategy; it is to implement it effectively. In order 

to do that in the most efficient manner, U.S. sorghum exporters need to recognize traps in 

the terrain of sorghum trade. Traps such as the one created by the EU’s suddenly large 

import demand for sorghum and its consequences are revealed by our study. However, 

due to increased potential use of sorghum, newcomers are expected to be present at the 

world grain sorghum market more frequently.  
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Some of these newcomers might become continually “large trading countries” of 

sorghum, while others might irregularly surprise the world grain sorghum market by its 

suddenly large import demand. Nevertheless, if U.S. sorghum exporters want to preserve 

their strong presence in grain sorghum international trade, they have to closely follow 

other nations’ supply, demand, and consumption patterns of not just sorghum but also 

other grains which sorghum can successfully subsidize for. Furthermore, when the new 

opportunities appear U.S. sorghum exporters should act more as deal questioners instead 

as deal makers. Regardless of attractiveness of an opportunity, U.S. sorghum exporters 

should always ask themselves: What is the share of their exports that could be lost at any 

given time in the future?  As we have seen, taking advantage of short-term opportunities 

could be expensive in the long-term. Gradually compounding positive revenues while 

avoiding large losses may appear as a boring strategy, but it is certainly an effective way 

to build wealth and strong presence in the market over long period of time.   

6.2 Future Research 

After conducting our research, we believe that, in the future, the EU could 

become a large importer of U.S. grain sorghum. Therefore, the EU could also be included 

in the TTUGSM on a permanent basis instead of an ad hoc experiment. We constructed 

our educated guess around the following facts: the first is impact of weather on grain 

availability, the second is transportation cost, and the third is cultural distrust among 

European nations. Geographically, most types of transport still cost much more within the 

EU than in the U.S. (a factor that slows down trade among European countries). A high 

gas price and taxation makes inland transportation extremely expensive, and most of the 
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Western European countries may begin importing from the U.S. more regularly. 

According to the article in Fortune’s Magazine, about the EU’s trade, distrust among the 

Continent’s citizens was listed as one of the biggest problems for preserving highly 

integrated European economy. A survey that was conducted by Mr. Pankaj Ghemawat, a 

professor at IESE Business School in Barcelona, suggests that almost half of the 

Europeans trust citizens of their own country, but only 20 percent express the same level 

of confidence in Europeans from other countries. This trait has also been exacerbated by 

recent financial problems that are threatening the preservation of the euro zone.  

According to the people familiar with the matter, we can expect years of severe 

droughts more frequently. Sorghum develops in harsh environments where other crops do 

not grow well.  It is well known that sorghum can successfully substitute for corn and 

wheat in animal feed consumption. That being said, we think that grain sorghum may 

become a key crop in the future. An increase in demand for sorghum on a global level is 

to be expected. Future research in the area of grain sorghum international trade could also 

be based on inclusion of other potentially “large trading countries” of sorghum in the 

Texas Tech University’s Grain Sorghum Model. As second and third largest exporters of 

sorghum, Argentina and Australia could possibly be included in the grain sorghum 

international trade model. 
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