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Abstract 

The production of grain sorghum in the United States is the largest in the world.  However, its 

domestic demand is not strong, and therefore, more than 50 % of US grain sorghum has been 

exported. Thus, the demand and supply of US grain sorghum may be affected by its foreign 

markets. Japan has been the second largest exporter of US grain sorghum from 1991 to 2010, but 

the demand for Australian grain sorghum has been growing in the Japanese market. For the 

identification of factors affecting the supply and demand of US grain sorghum, this research 

developed a partial equilibrium model that covers the markets in Mexico, the US, and Japan.  

Furthermore, we investigated how changes in Japanese demand for feeding grain and Australian 

poultry production affect the demand and supply of US grain sorghum. This investigation tells us 

that a change in Australian poultry production has little impact on the demand and supply of US 

grain sorghum. Furthermore, it was found out that the expansion of the demand for feeding grain 

in Japan may influence the production, price and domestic demand of US grain sorghum 

initially, but has no effect on these three variables in the end.  

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Grain sorghum is a major feeding grain in several countries, which are the US, 

Australia, Mexico, Japan, and recently China. The world largest grain sorghum producer is 

United States, and the demand for US grain sorghum as feeding grain has been the largest from 

1991 to 2015, but its demand has been declined over the past 10 years (USDA FAS, 2016).  As a 

result, US grain sorghum industry has increased its dependence on the international market. In 

2016, approximately 80 percent of US grain sorghum was exported (USDA FAS, 2016). 

Therefore, changes in the demands for US grain sorghum in foreign markets have strong impacts 

on the domestic demand and supply of US grain sorghum. Main importers of US grain sorghum 

have been Mexico, Japan, and China since 2014. Mexico and Japan were the two largest 

importer of US grain sorghum from 1991 to 2010. However, Japanese imports of US grain 

sorghum have been decreasing over the same period. Since 1991, Australian production of grain 

sorghum has become larger, and exports of Australian grain sorghum has been expanding. As a 

result, the market share of Australian grain sorghum in the Japanese market has become bigger, 

and its market share has been largest after 2011 (FAO, 2016). One possible reason is that the 

quality of Australian grain sorghum has become stable and reliable after the opening of its 

futures market in Australia.  

In order to forecast the demand and supply of US grain sorghum, it needs to be 

identified how foreign markets of US grain sorghum affect its supply and domestic demand. 

Hence, this research developed a partial equilibrium model of the grain sorghum markets in the 

US, Mexico, Japan, and Australia to illustrate its production-utilization-trade process and to 

simulate the demand and supply of grain sorghum in the future. This partial equilibrium model 

has 27 equations, which include the equations for the demands and supplies of grain sorghum in 



Japan, Mexico, Australia, and the United States, as well as price transmission equations. The 

parameters of this model were estimated, and were validated using in-sample data.  

Using this model, the demands and supplies of grain sorghum in the US, Japan, 

Mexico, and Australia were forecasted from 2017 to 2021 based on the projection of the 

exogenous variables in this model by FAPRI and USDA.  

 Based on different projections of some exogenous variables, we investigated how 

changes in the demand for feeding grain in Japan affect the demand and supply of US and 

Australian grain sorghum.  Furthermore, this research identified how a domestic demand factor 

of Australian grain sorghum, which is poultry production in Australia, influences the demand for 

US grain sorghum. The following parts of this paper are 1) Previous studies, 3) Descriptions of 

the Partial Equilibrium Model, 4) Parameter Estimations, 5) Forecasts of Endogenous Variables 

and 6) Conclusions.  

 

Previous Studies 

 A model of international trade of agricultural products, named International Model 

for Policy Analysis of Agricultural Commodities and Trade (IMPACT) was developed by 

International Food Policy Research Institute (IFPRI).  This model forecasted the aggregate 

demand and supply, and net trade of agricultural products in the world.  USDA also built up a 

model projecting supply, demand, and trade of each major grain. Mapila, Kirsten, Meyer, and 

Kankwamba (2013) worked in the corn market of the small country of Malawi in Africa. They 

built a partial equilibrium model of corn market in Malawi as an evaluation tool of public 

policies. The model deals with dynamic movements of the local and national corn markets. The 

variables of the international factors are considered as exogenous variables in this model since 



the supply and demand of corn in this country may have a small effect on the international 

market. With respect to research about the shock effects of exogenous variables, Gutierrez and 

Piras (2008) analyzed the impact of the real exchange rate of US dollar with other currencies on 

export prices of US wheat. They did not develop a partial equilibrium model, but used a vector 

correction model for their analysis. The conclusion of their research is that a decrease in the real 

exchange rate of US dollar has a negative effect on the export price in the long run. 

Malaga and Liu (2010) made a partial equilibrium model of grain sorghum in the US 

and Mexican market. This model approximated the supply, demand and trade of grain sorghum 

in Mexico and the US. Malaga and Carvallo enhanced this partial equilibrium model by 

integrating the Japanese grain sorghum market.  Knisley (2015) developed a partial equilibrium 

model, which covers the grain sorghum supply and demand in Australia, and its demand in 

Japan, and found that Chinese demand for Australian grain sorghum was not price sensitive. 

  

 

Description of the Partial Equilibrium Model 

 
 

 The partial equilibrium model of grain sorghum in this research was developed based 

on the model established by Malaga and Carvallo. The period t is the marketing year. 

 

The Demand for Grain Sorghum in the US  

 

Log(US Feedt) =   ud1 + ud2 ∗ Log(US GS Pricet) + ud3 ∗ Trendt                (1) 

                                 +ud4 ∗ log(PoultryProductionRevnuet) 

Log(US Stockt) =   ed1 + ed2 ∗ Log(US GS Pricet)                                              (2) 

US GS Demandt  =   US Feedt + USStockt + US GS Otherst                               (3) 

 



 

In the above equations, GS is grain sorghum, and GSPUS is the FOB (Freight on 

Board) price of grain sorghum in the US. We assumed that FOB price of grain sorghum is 

equivalent to its wholesale price. Equation (1) illustrates the demand for grain sorghum for 

feeding livestock. Historical data of the domestic demand for US grain sorghum tells us that the 

demand of sorghum has constantly declined for 40 years. Therefore, the time trend variable was 

added on equation (1). For an identification of the equation of the domestic demand for US grain 

sorghum in this model, grain sorghum needs to be considered as an input for livestock 

production. Marsh (2007) developed an unconditional input demand model of corn as feeding 

grain in the US.  Corn price, other input prices and the producer price of chicken were used as 

independent variables in this model.  Another model is a conditional demand model, which has 

the variables of the own input price, other input prices, and the quantity of the final good as 

explanatory variables. 

In this research, a use of the conditional demand model brings a multicollinearity 

problem. Since heads of chicken owned by each livestock feeder may depend on grain sorghum 

price, there may be correlation between these two variables. Therefore, if these two variables are 

used as explanatory variables together in the demand equation, the parameter estimations of this 

equation may have a multicollinearity.  

An employment of the unconditional demand model also causes the same problem. 

The producer price of chicken has increased over the past 40 years, and therefore the variables of 

the time trend and its price are correlated. For avoiding these multicollinearity problems, the 

variable of the total poultry production revenue, instead of the chicken heads or price, was used 

in the demand equation, since this variable is not correlated with the time trend or grain sorghum 



price. The stock equation of US grain sorghum takes its price.  An increase in US grain sorghum 

price may level down its inventory.  

 

 

                           

The Supply of Grain Sorghum in the US  
 

Log(TX Plantt) =  ts1 ∗ Log(US GS Pricet−1) +  ts2 ∗ Log(TxPlantt−1) +  
   + ts3 ∗ Log(TXCotton)                                                                   (4) 

Log(KS Plantt) = ks1 + ks2 ∗ Log(KSPlantt−1) +  ks3 ∗ Log(US GS Pricet−1)        (5) 

Log(Oth Plantt) = os1 + os2 ∗ Log(OthPlantt−1) +  os3 ∗ Log(US GS Pricet−1)    (6) 

Log(TxHarvestt) =  ht1 ∗ Log(TxPlantt)                                                                          (7) 

Log(KsHarvestt) =  hk1 ∗ Log(KsPlantt)                                                                          (8) 

Log(KsHarvestt) =  ho1 ∗ Log(KsPlantt)  +  ho2 ∗ Trendt                                          (9) 

Productiont =  TxYieldt ∗ TxHarvestt +  KsYieldt ∗ KsHarvestt       
                             +OthYieldt ∗ OthHarvest𝑡                                                                        (10) 

US GS Supplyt  =   US GS Productiont + US GS Stockt−1                                              (11) 

US GS Excess Supplyt  =   US GS Supplyt − US GS Demandt                                        (12) 

 

 

Equations (4) to (12) were identified by Malaga and Carvallo.  These equations 

illustrate the acreage response of grain sorghum in three respective areas. When farmers plant 

grain sorghum, the producer price of grain sorghum in the harvesting time is unknown to them. 

Farmers expect this producer price on the available market information of grain sorghum at the 

plantation time, and decide the size of their grain sorghum planation area. The wholesale price of 

grain sorghum in the last marketing year may reflect this market information, and therefore, the 

lagged wholesale price of US grain sorghum was used as an explanatory variable for the acreage 

response equations.  



The variable of TxCotton yield is the ratio of harvested to planted area of cotton in 

Texas. Grain sorghum is a secondary crop of cotton for farmers’ planation in Texas. The 

harvesting time of cotton in Texas is in June, and the planting time of sorghum is in May. Hence, 

when Texas farmers plant grain sorghum, they can estimate the harvested area of cotton. If the 

ratio of cotton harvested to planted area is large, it discourages grain sorghum planation. This 

ratio may affect grain sorghum planting in Texas. 

Equations (7) to (9) are the equations of the harvested acreages of grain sorghum in 

the three areas that takes their respective planted acreages. The equations of the harvested 

acreages in the other states have the time trend variable, because its technology development 

may increase the ratio of harvested to planted area of grain sorghum in these areas.  

 

 

The Grain Sorghum Market in Mexico 

Log(Mx Feedt) =   md1 + md2 ∗ Log(Mx GS Pricet) + md3 ∗ Log(Mx Corn Pricet) 

                                       +md4 ∗ log(MexicoPoultryProductiont)                            (13) 

Log(Mx Plantt) =   mo1 + mo2 ∗ Log(Mx GS Pricet) + mo3 ∗ Log(Mx FS Pricet) + mo4 ∗
                                      Log(Mx Economy Turmoilt)                                                    (14) 

Log(Mx Harvestt) =   cos1 ∗  Log(Mx Plantt)                                                          (15) 

Mx GS Productiont =  MxYieldt ∗ MxHarvestt                                                         (16) 

Mx GS Supplyt  =   Mx GS Productiont + Mx GS Stockt−1 + ROWImportst     (17) 

Mx GS Demandt  =   Mx GS Feedt + Mx GS Otherst + Mx GS Stockt                  (18) 

Mx GS Excess Demandt  =   Mx GS Demandt − Mx GS Supplyt                           (19) 

Log(Mx GS Pricet) =  p1 ∗ log(US GS Pricet) + p2 ∗ log (MxUS Exchange Ratet)   (20)   

                                                                                                                                   

Equation (13) is the equation of the demand for grain sorghum as feeding grain in Mexico. 

Equation (14) is the equation of the acreage response of grain sorghum. In this acreage response 



equation, the value of the economic turmoil dummy variable is 1 from 1992 to 1993, and 0 in the 

other years. Mexican economic turmoil in early 90’s may discourage the plantation of grain 

sorghum. Equation (15) is the equation of the harvested acreage of grain sorghum, and equation 

(20) is the equation of the transmission of US grain sorghum price in the Mexican feeding grain 

market. 

 

The Demand for Grain Sorghum in Australia  

 

log(GS Feedt
Aus ) =  u1 + u2 ∗ log(GSPt

Aus) + u3 ∗ log(Wheat Pricet
Aus) 

                                    +u4 ∗ log(Poultry Productiont
Aus)                                                        (21)                                 

GS Stockt
Aus =  e1 + e2 ∗

GSPt
Aus

Wheat Pricet
Aus + e3 ∗

GSPt
Aus

Corn Pricet 
US                                               (22) 

GS Demandt
Aus = GS Feedt

Aus + GS Othert
Aus + GS Stockt

Aus                                         (23) 

Table 1  

   Consumptions of Feeding Grains in Australia in 2015 

Feeding Grain Consumption (One Thousand Tons) 

Rye 22 

Millet 38 

Rice, Milled 330 

Corn 350 

Oats 900 

Sorghum 1205 

Barley 2600 

Wheat 7425 

*The data source is USDA FAS 

 

 

Equation (21) is the equation of the domestic demand for grain sorghum in Australia. 

This equation takes the variable of Australian wheat price. Table 1 shows the consumption of 

each type of feeding grain in Australia in 2015. Wheat consumption was the largest and six times 

bigger than that of grain sorghum. Corn consumption was one-third of the grain sorghum 

consumption. Since wheat consumption has been the largest among feeding grains in Australia, 



its price might be appropriate for an explanatory variable of the domestic demand for grain 

sorghum.  

The period t of the variables of grain sorghum demand and its price corresponds to a 

market year basis. Grain sorghum is planted from September to November in Australia, and it is 

harvested from March to August of the following year. Thus, the Australian grain sorghum’s 

market year of certain year, t, runs from March of t+1 to February of t+2 (For example, the 

market year of 1990 starts in March of 1991 and ends in February of 1992).  The market year of 

Australian wheat goes from October to the following September, and the market year of 

Australian poultry goes from August to the following July. Therefore, these two variables whose 

periods corresponds to the trade year basis (from January to December) are included in the 

equation (21).  

Equation (22) is the equation of the stock of Australian grain sorghum. Since wheat 

consumption as feed has been larger than any other type of feeding grain in Australia. it may be 

appropriate to use this price as a standard price of feeding grain in the Australian domestic 

market. Hence, the wholesale price ratio of grain sorghum to wheat can indicates the relative 

price of grain sorghum in the Australian market, and this wholesale price ratio is included in the 

equation of Australian grain sorghum stock. The period of the variable of Australian wheat 

consumption corresponds to Australian wheat’s market year basis. This market year runs from 

October to the following September.  

Most of corn exports in the world have been from the United States for the last 30 

years, and the largest part of coarse grain for feeding was corn during the same years (USDA 

FAS).  Therefore, the export price of US corn is suitable as a reference price of feeding grain in 

the international market, and the ratio of Australian grain sorghum price to this export price was 



added on the stock equation. The period of the export price of US corn corresponds to the trade 

year basis.   

 

The Supply of Grain Sorghum in Australia 

 

log(GS Plantt
Aus) = p1 + p2 ∗ (lag (

GSPt
Aus

US Corn Pricet m=sep,Aus
))                                     (24) 

log(GS Harvestt
Aus) = Hv1 ∗ ln (GS Plantt

Aus)                                                                (25) 

 GS Productiont
Aus = GS Harvestt

Aus ∗ Yieldt
Aus                                                             (26) 

 GS Supplyt
Aus = GS Productiont

Aus + lag(GS Stockt
Aus) + GS Importt

Aus              (27) 

 

Equation (24) is the equation of the planted acreage of grain sorghum in Australia. 

Grain sorghum production in Australia is concentrated on the provinces of Queensland and New 

South Wales.  Barley, wheat, and oats are also harvested in these two provinces. These types of 

feeding grain can be substitutes for grain sorghum to farmers there. They may decide the planted 

areas of these four types of feeding grain based on their wholesale prices. However, the prices of 

wheat and barley cannot be used in this regression due to the multicollinearity problem in this 

model1. Therefore, the variable of the wholesale price of oats was included in the regression of 

the planted acreage of grain sorghum, but this variable was not significant. Consequently, none 

of the prices of these substitute crops were placed in this equation. US corn price may also 

influence decisions of Australian farmers about the acreage of the planted area with Australian 

grain sorghum, since US corn is a substitute goods in the Japanese feeding grain market. If this 

price is low, grain sorghum plantation in Australia is discouraged. US corn price is included in 

the equation of the planted acreage of grain sorghum in Australia, and this price variable is its 

                                                           
1 Since the endogenous variable of the price of grain sorghum in this equation is explained by the variables of wheat 

and barley price in other equations.  



quantity-weight average price in August and September of Australian grain sorghum’s market 

year. An inclusion of the average US corn price in other months (for example, September and 

October of this market year) decreases the R-square of equation (24). It may indicate that 

Australian farmers may look at US corn price before their plantations of grain sorghum. 

Equation (25) is the equation of the harvested area of Australian grain sorghum. 

 

The Grain Sorghum Market in Japan 

Log(Aus Jp GS Pricet) =  jpa1 ∗ log(AUS GS Pricet) + jpa2 ∗ log (AusJp Exchange Ratet) (28)                

Log(US Jp GS Pricet) = jpu1 ∗ log(US GS Pricet) + jpu2 ∗ log (USJp Exchange Ratet)      (29) 

Aus GS Imp JPt =   aid1 + aid2 ∗ Aus Jp GS Pricet + aid3 ∗ JpPoultryProductiont               (30) 

log(US GS Imp JPt) =   id1 + id2 ∗ log (
USJpGSPricet

AusJpGSPricet
) +   id2 ∗ y +  id3 ∗ Yper                      (31) 

 

Equations (28) and (29) are the equations of the transmissions of US and Australian 

grain sorghum price in the Japanese market.  Equation (30) is the equation of the demand for 

Australian grain sorghum. In the regression of the demand for Australian grain sorghum using 

annual data for the past 30 years, the price of US grain sorghum is not significant. The price of 

US grain sorghum was omitted in the demand equation of Australian grain sorghum in the 

Japanese market. In the equation of the demand for US grain sorghum, the variable of GDP per 

capita, instead of Japanese poultry production quantity, was added, since the use of this variable 

improve the R-Square of this equation. Like the domestic market of US grain sorghum, the 

demand for US grain sorghum has been on the downward trend in the Japanese market. Thus, the 

variable of this trend was added in equation (31).  As grain sorghum production is small in the 

Japan, the equation of Japanese grain sorghum supply was omitted in this partial equilibrium 

model.  



 

General Equilibrium 

Aus Exess Supplyt =  Aus GS Imp JPt +  Aus GS Imp Rowt                                          (32) 

US Exess Supplyt =  US GS Imp JPt +  US GS Imp Rowt + Mx Excess Demandt      (33) 

 

Equation (32) illustrates that the excess supply of Australian grain sorghum equals to 

the sum of Australian grain sorghum imports of Japan and the rest of world. The excess supply 

of US grain sorghum meets the sum of Australian grain sorghum imports of Japan, Mexico and 

the rest of world in Equation (33) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Parameter Estimations  

Econometric Methodology  

An Iterated Seemingly Unrelated Regression (ITSUR) was used for the estimations of 

parameters of the partial equilibrium model, and the Theils’ U was used for the validations of 

these estimations. The dataset of this analysis is annual from 1991 to 2013, and the sources of 

this dataset are USDA, FAPRI, FAO and the Department of Agriculture of Mexico.  

Results 

Table 2  
Domestic Demand for US Grain Sorghum 

Variable Parameter Value 

Intercept -5.27(1.84)*** 

GSP -0.28(0.0964)*** 

Year -0.08(0.005)*** 

Poultry Production 

Revenue 
0.6(0.08)*** 

1) Number in the parenthesis indicates a standard error 

2) * means significant in the 10 % level,  ** 5% level, and *** 1% level 

 

Table 3  
Stock of US Sorghum 

Variable Parameter Value 

Intercept 4.9(0.43)*** 

GSP -1.13(0.22)*** 

  

Table 2 illustrates that the estimated own price elasticity of the demand for US grain 

sorghum is -0.3. An increase of poultry production revenue has a positive effect on the 

consumption of sorghum, but this parameter value is less than one.  The estimated parameter 

value of the trend is negative, and this estimation is reasonable since US farmers have had the 

tendency to switch to corn from sorghum for the past 40 years. According to Table 3, the 

estimated effect of grain sorghum price on the US grain sorghum stock is negative.  



Table 4 

Texas Grain Sorghum Planted Area 

Variable Parameter Value 

Intercept 1.79(0.36)*** 

GSP 0.2(0.1)* 

Lag GS PlantTx 0.79(0.04)*** 

TxCottonYieldRatio -0.27(0.03)*** 

 

Table 5 

Kansas Grain Sorghum Planted Area 

Variable Parameter Value 

GSP 0.17(0.07)** 

Lag GS Plantks 1.04(0.02)*** 

 

Table 6 

Other States Grain Sorghum Harvested Area 

Variable Parameter Value 

Intercept 0.93(0.2)*** 

GSP 0.2(0.07)*** 

Lag GS Plantoth 0.91(0.02)*** 

 

Table 7 

Texas Grain  Sorghum Harvested Area 

Variable Parameter Value 

GS PlantTx 0.97(0)*** 

 

Table 8 

Kansas Grain Sorghum Harvested Area 

Variable Parameter Value 

GS Plantks 0.99(0)*** 

 

 



Table 9 

Other States Grain Sorghum Harvested Area 

Variable Parameter Value 

GS Plantoth -0.98(0)*** 

Year 0.01(0)*** 

 

 Tables 4 to 6 show that the price elasticities of three planted areas of grain sorghum 

estimated from this model are around 0.2.  According to Table 4, an improvement in the ratio of 

cotton harvested to planted area may decrease the planted area of grain sorghum in Texas. Table 

9 illustrates that a change in the planted area of grain sorghum in other states has a negative 

impact on its harvested area, but the time trend is positive in this harvested area. After 1991, the 

planted area of grain sorghum in the other states has been on the downward trend. However, the 

parameter estimation suggests that the reductions in the planted area of grain sorghum might 

have increased its harvested area in other states. 

 

Table 10  
Domestic Demand for Mexican Grain Sorghum 

Variable Parameter Value 

Intercept 5.87(0.42)*** 

GSP Mexico -0.49(0.08)*** 

Corn Price Mexico 0.29(0.05)*** 

Poultry Production  0.42(0.05)*** 

 

Table 11  
Planted Area of Grain Sorghum in Mexico 

Variable Parameter Value 

Intercept 3.83(0.42)*** 

lag GS Plant Mexico 0.41(0.05)*** 

GSP Mexico 0.18(0.06)*** 

Economic Turmoil -0.59(0.02)*** 



Table 12  
Harvested Area of Grain Sorghum in Mexico 

Variable Parameter Value 

GS Planted Area MX 0.99(0.001)*** 

 

Table 13  

Transmission of US Grain Sorghum Price 

Variable Parameter Value 

GSP  0.77(0.05)*** 

Exchange Rate 0.75(0.04)*** 

 

The own price elasticity of grain sorghum in the Mexican market estimated from this 

model is -0.57, which is larger than this elasticity in the US domestic market. According to Table 

12, the estimated price elasticity of the planted area of grain sorghum in Mexico is 0.18, which is 

close to the same elasticities in the US. Table 11 tells us that the economic turmoil in early 90s 

might disrupted plantation of grain sorghum in Mexico. The parameter values of the variables of 

US grain sorghum price and the real exchange rate between US and Mexican currency is less 

than unit value. These parameter values suggest that the effect of changes in US grain sorghum 

price and the real exchange rate on the price of Mexican grain sorghum may be weak.   

 

Table 14  
The Domestic Demand for Australian Grain 

Sorghum 

Variable Parameter Value 

Intercept -7.1(1.82)*** 

GSP Australia -0.78(0.13)*** 

Wheat Price 1.37(0.15)*** 

Poultry Production 0.8(0.12)*** 

  



Table 15  
The Stock of Australian Grain Sorghum 

Variable Parameter Value 

Intercept -7.1(1.82)*** 

GSPAus /Wheat PriceAus -0.78(0.13)*** 

GSPAus /Corn PriceUS 1.37(0.15)*** 

 

Table 16  
The Planted Area of Australian Grain Sorghum 

Variable Parameter Value 

Intercept 6.42(0.04)*** 

Lag (GSPAus /Corn 

PriceUS ) 0.39(0.03)*** 

 

Table 17  
The Harvested Area of Australian Grain Sorghum 

Variable Parameter Value 

GS Plant Australia 1.0001(0.0002)*** 

 

Table 14 shows that the parameter of Australian wheat price is 1.37, and the 

parameter of Australian poultry production is 0.8. It suggests that wheat is a price substitutes for 

grain sorghum in Australia. The expansion of Australian poultry production may have a positive 

impact on the demand for Australian grain sorghum. Table 15 indicates that if the price of 

Australian grains sorghum is relatively expensive against the prices of Australian wheat and US 

corn, the stock level of Australian grain sorghum may decrease. According to Table 16, the 

relative price of Australian grain sorghum in the one-lagged period may increase its planted area.  

 

 



Table 18  
The Transmission of US Grain Sorghum Price in Japan 

Variable Parameter Value 

GSP US 1.05(0.01)*** 

Real Exchange Rate 1.02(0.01)*** 

 

Table 19  
The Transmission of Australian Grain Sorghum Price in 

Japan 

Variable Parameter Value 

GSP Australia 0.87(0.06)*** 

Real Exchange Rate 1.19(0.08)*** 

 

Table 20  
The Demand for US Grain Sorghum in Japan 

Variable Parameter Value 

Intercept -90.73(8.3)*** 

(GSP US/GSP Australia)  in 

Japan -0.43(0.16)*** 

GDP per Capita 9.07(0.75)*** 

Year -0.18(0.01)*** 

 

Table 21  
The Demand for Australian Grain Sorghum in Japan 

Variable Parameter Value 

Intercept -2772.73(339.6)*** 

GSP Australia -0.01(0.004)*** 

Poultry Production 0.003(0.0003)*** 

 

 

Table 20 suggests that the trend of the demand for US grain sorghum in the Japanese 

market is on the downward, but an increase in Japanese individual income expands the demand 

for US grain sorghum. According to Table 21, the parameter of Japanese poultry production is 

0.003. The unit of this poultry production is one ton, and the unit of the demand for Australian 



grain sorghum is one-thousand tons. This parameter estimation indicates that if Japanese poultry 

production increases by one ton, the demand for Australian grain sorghum expands by three tons.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Validations of the Parameter Estimations 

Table 22    

Theil's U Statistics       

  
Bias Variance Covariance 

US GS Price 0 0.04 0.96 

US Feed Demand for 

GS 
0.02 0.23 0.75 

Tx GS Plant 0.06 0.27 0.67 

Ks GS Plant 0.12 0.03 0.85 

Other GS Plant 0 0.02 0.98 

Tx GS Harvest 0.06 0.38 0.55 

Ks GS Harvest 0.11 0.11 0.78 

Other GS Harvest 0.01 0.06 0.93 

US GS Stock 0 0.16 0.84 

US GS Production 0 0.18 0.82 

US GS Supply 0.01 0.26 0.73 

US GS Demand 0.23 0.15 0.62 

US GS Excess Supply 0.31 0.03 0.66 

Mx GS Price 0.02 0.01 0.97 

Mx GS Demand 0.01 0 0.99 

Mx GS Plant 0 0.08 0.91 

Mx GS Harvest 0 0.09 0.91 

Mx GS Production 0 0 1 

Mx GS Supply 0.06 0.04 0.89 

Mx GS Demand 0.01 0.03 0.96 

Mx GS Excess Demand 0.02 0 0.98 

Aus Feed Demand GS 0 0.02 0.98 

Aus GS Price 0.01 0.26 0.73 

Aus GS Plant 0.01 0.06 0.93 

Aus GS Harvest 0.01 0.05 0.93 

Aus GS Stock 0.01 0.03 0.96 

Aus GS Demand  0.14 0.21 0.65 

Aus GS Supply 0.01 0.03 0.96 

Aus GS Production 0.02 0.01 0.97 

Aus Export 0 0.09 0.91 

US GS Price Jp 0 0.05 0.95 

US GS Demand Jp 0 0.06 0.94 

Aus GS Price Jp 0.01 0.27 0.73 

Aus GS Demand Jp 0 0.24 0.76 



This analysis has 34 endogenous variables. The Theil’s U statistics decompose the 

errors of these variables into three parts: bias, variance, and covariance.  The part of bias 

captures the average difference between actual values and estimated values, and it measures the 

biasedness of the estimation. The part of variance is the difference between the two variances of 

actual values and estimated values, and it indicates estimation inefficiency.  The covariance part 

is the remaining part of the error. If the estimation is perfectly efficient and unbiased, the part of 

covariance is 1. According to Table 22, the estimations of most endogenous variables may be 

efficient and unbiased. However, the bias and the variance parts of the estimation error of the 

demand for grain sorghum in the US and Australia are high, and therefore, these two demand 

estimations may be biased and inefficient. A possible reason of these demand estimation 

problems is that there may be omitted variables in these demand equation. The estimations of 

planted area of grain sorghum in Texas may be biased and inefficient. The estimation of this 

planted area causes biasedness and inefficiency in the harvested area in Texas and the supply of 

grain sorghum. It is possible that unknown variables may affect the planted area of grain 

sorghum in Texas.  

 

The Forecasts of the Endogenous Variables from 2017 to 2021 

This research forecasted the endogenous variables from 2016 to 2021 based on the 

partial equilibrium model and the projections of the exogenous variables by FAPRI and USDA 

(The actual data of these variables was used from 2014 to 2015). The projections of Mexican 

corn price and Australian wheat price are not available, and therefore, the projections of these 

two prices are conducted based on the forecasts of US wheat and corn prices by USDA.  For 

identifying the effect of a change in demand for feeding grain on the demands for US and 



Australian grain sorghum in Japan, we considered different projections of Japanese poultry 

production and GDP per capita (these two variables may be a proxy variable for Japanese 

demand for feeding grain). The projections are 80%, 90%, 100%, 110%, and 120 % of the 

baseline projections of these two variables from 2016 to 2021.  

Furthermore, we checked the effects of changes in the domestic demand and supply 

conditions of Australian grain sorghum on the demand and supply for US grain sorghum. Thus, 

the five different projections of Australian poultry production and the yield of Australian grain 

sorghum, which are 80%, 90%, 100%, 110%, and 120% of their respective baselines, were taken 

into account.  

Chinese imports of US grain sorghum grew rapidly in 2013 (4,790 thousand tons) 

from 2012 (123 thousand tons).  Its Chinese imports was almost doubled in 2014 (8,715 

thousand tons), and decreased in 2015 (6,215 thousand tons).  We assumed that Chinese imports 

of US grain sorghum from 2016 to 2021 is the same level as in 2013. Chinese imports of US gain 

sorghum was included in the imports of US grain sorghum from the rest of world. 

Figures 1 to 3 in the Appendix show the domestic consumption of US grain sorghum 

as feed, its price, and its production in the next five years, respectively, in each projection of 

Japanese GDP per capita. The baseline projections of these variables suggests that the domestic 

demand for US grain sorghum as feed will decline from 2016 to 2021, and that its price and 

production will also decrease. On the other hand, according to the baseline projections depicted 

in Figures 4 to 6, the domestic demand for Australian grain sorghum will expand, and its price 

and production may increase for the next six years. 



  Figures 1 to 3 show that a higher Japanese GDP per capita may increase the price of 

US grain sorghum and decrease its domestic consumption as feed initially, but these two 

variables may go back to the baseline point in 2021. One possible reason is that the increased 

price of US grain sorghum caused by its high demand in the Japanese market promotes the 

production of US grain sorghum. This promotion of US grain sorghum production makes its 

price go back to the normal level. 

Figures 4 to 6 in the Appendix illustrate the consumption of Australian grain sorghum 

as feed, its price, and its production in Australia from 2017 to 2021, respectively, in different 

projections of Japanese poultry production. According to these figures, a higher level of Japanese 

poultry production will raise the price of Australian grain sorghum, and dampen its domestic 

consumption as feed. Though this price increase will promote the production of Australian grain 

sorghum, this production promotion may not be strong enough to push back the price of 

Australian grain sorghum (Figure 5). 

The simulation results suggest that an expansion of Japanese demand for feeding 

grain may have little effect on the domestic consumption of US grain sorghum as feed in the 

long run, but it may have strong effect on the consumption of Australian grain sorghum as feed 

in Australia.   

Figures 7 and 9 illustrate the six-year forecasts of Japanese imports of US grain 

sorghum, and the production of US grain sorghum, and its price, respectively, in the five 

different projections of Australian poultry production. Figure 7 shows that a higher level of the 

Australian poultry production will increase Japanese imports of US grain sorghum. This forecast 

may be appropriate, because a positive change in Australian poultry production may raise the 

price of Australian grain sorghum in the Australian market. This price increase may discourage 



imports of Australian grain sorghum, and promote imports of US grain sorghum in Japan. 

However, according to Figures 8 and 9, this promotion of Japanese imports of US grain sorghum 

will have little impact on the production and price of US grain sorghum.  

Figures 11 and 12 show the six-year forecasts of the same variables on the above in 

the five different projections of the yield of Australian grain sorghum. An improvement in the 

yield of Australian grain sorghum will expands its production, and results in the reduction of its 

price in the Australian and Japanese markets. This price of Australian grain sorghum may have a 

negative effect on the demand for US grain sorghum. Figure 10 proves that a higher yield of 

Australian grain sorghum decrease Japanese imports of US grain sorghum. Nevertheless, based 

on this Figures 11 and 12, changes in the yield of Australian grain sorghum may have little effect 

on the domestic demand and the production of US grain sorghum. 

We changed the assumption of Chinese imports of US grain sorghum, and forecasted 

endogenous variables, assuming that Chinese imports of US grain sorghum from 2016 to 2021 

were as much as in 2012. Figures 13 to 15 are the forecasts of Japanese imports of US grain 

sorghum, its production and price in US market in the five projections of Australiana poultry 

production. Figures 16 to 18 are the forecasts of the same variables in the five projection of the 

yield of Australian grain sorghum. Figures 13 and 16 show that a higher yield of Australian grain 

sorghum decreases Japanese imports of US grain sorghum, and a higher level of Australian 

poultry production increases this Japanese imports. However, our forecast suggests that these 

supply and domestic demand factors of Australian grain sorghum has small effect on the total 

production and the price of US grain sorghum (Figures 14, 15, 16, and 17).  

 



Conclusions 

The partial equilibrium model of grain sorghum in this research has several problems. 

The Theil’s statistics indicates that the estimation of the demand for US and Australian grain 

sorghum, and the planted area of grain sorghum in Texas may be biased and inefficient. There 

might be omitted variables in the equations of these endogenous variables. For improving this 

partial equilibrium model, these omitted variables need to identified.  

Japan also imports large amount of grain sorghum from Argentina, and therefore, the 

supply condition of Argentina grain sorghum may affect the demand and supply of US and 

Australian grain sorghum. Therefore, the inclusion of the grain sorghum market of Australian 

grain sorghum may enhance this partial equilibrium model of grain sorghum 

The simulation in this research suggests that the expansion of the demand for grain 

sorghum in the Japanese market may have small effect on the domestic demand for US grain 

sorghum, but has strong effect on the demand for Australian grain sorghum in Australia. One 

possible reason is that the capacity of grain sorghum production in US is large compared to this 

capacity in Australia.  Therefore, even if the international demand for US grain sorghum 

increases drastically, the United States can meet its drastically increased demand without 

sacrificing the domestic demand of US grain sorghum in the long run. Our forecasts suggest the 

supply and domestic demand factors of Australian grain sorghum will influence the demand for 

US grain sorghum in the Japanese market. However, the production and price of US grain 

sorghum in its domestic market may not be affected by these supply and demand factors.  

Our simulation shows that demand factors of US grain sorghum in the Japanese 

market may affect the supply of US grain sorghum. On the other hand, this supply may not be 



affected by the supply and domestic demand of Australian grain sorghum, which competes with 

US grain sorghum in the Japanese market.  According to our parameter estimations, the own 

price elasticity of US grain sorghum and the cross price elasticity of US grain sorghum with 

Australian grain sorghum are inelastic. These elasticity estimations indicate that the demand for 

US grain sorghum will be affected by the price of US grain sorghum and its competing good in 

the Japanese market weakly. Therefore, the supply and the demand factors of Australian grain 

sorghum will not influence the demand for US grain sorghum in the Japanese market strongly, 

and these supply and demand factors have small effect on the price and the total production of 

US grain sorghum. 
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Appendix  

1) The graphs of the forecasts of the price, the domestic consumption, and the 

production of US grain sorghum in different projections of Japanese GDP per 

Capita (120%, 110%, 100%, 90%, and 80% of its baseline) 

 

Figure 1 

 

 

Figure 2 
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Figure 3 

 

 

2) The graphs of the forecasts of the price, the domestic consumption, and the 

production of Australian grain sorghum in different projections of Japanese poultry 

production (120%, 110%, 100%, 90%, and 80% of its baseline) 

 

Figure 4 
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Figure 5  

 

 

 

 

Figure 6  
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3)  The graphs of the forecasts of Japanese imports, the price and the production of 

Australian grain sorghum in different projections of Australian poultry production 

(120%, 110%, 100%, 90%, and 80% of its baseline) 

 

 

Figure 7 

 

 

 

Figure 8 
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Figure 9  

 

 

 

4) The graphs of the forecasts of Japanese imports, the price, and the production of 

Australian grain sorghum in different projections of the yields of Australian grain 

sorghum (120%, 110%, 100%, 90%, and 80% of its baseline) 

Figure 10 
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Figure 11 

 

 

Figure 12 
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5) The graphs of the forecasts of Japanese imports, the price, and the production of 

Australian grain sorghum in different projections of the yields of Australian grain 

sorghum (120%, 110%, 100%, 90%, and 80% of its baseline), assuming that the 

level of Chinese imports of US grain sorghum from 2016 to 2021 is as high as in 

2012 

 

Figure 13 

 

 

Figure 14 
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Figure 15 

 

 

6) The graphs of the forecasts of Japanese imports, the price, and the production of 

Australian grain sorghum in different projections of the yields of Australian grain 

sorghum (120%, 110%, 100%, 90%, and 80% of its baseline), assuming that the 

level of Chinese imports of US grain sorghum from 2016 to 2021 is as high as in 

2012 

 

Figure 16 
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Figure 17 

 

 

 

Figure 18 
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