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CHAPTER 1
INTRODUCTION
Australia is a top producer of grains with sorghum as the dominant summer grain.
Most sorghum production occurs in the east region of Australia, Darling Downs of
Queensland and northern New South Wales (Atlas of New South Wales) with
approximately 60% and 40% of total production respectively (Queensland Government,
2012). The Australian Grain Belt crosses the center of New South Wales from southern
Queensland to western Victoria, as shown in Figure 1.1. This region grows an assortment
of wheat, barley oats, sorghum, rice, canola, and sunflowers. Sorghum is primarily
dryland production and the largest dryland crop in Australia. The Commonwealth
Scientific and Industrial Research Organization (CSIRO) estimates that less than 10% of
this area produces irrigated sorghum. With a planting season from September to January
and has a 4-5 month growing period. (Queensland Government, 2012). According to the
Australian Oilseeds Federation (2004) sorghum competes with sunflowers as a summer
crop. Growers prefer planting sorghum in early summer and sunflowers late summer to
fall. The many benefits to growing sorghum over sunflowers are sorghum’s heat
tolerance, easy weed control, higher grazing value and soil protection. Sorghum is
primarily used as livestock feed for cattle, hogs, and poultry, and the pet food industry in
Australia, while the remaining is exported (Queensland Government, 2012). Australia has
generally exported the majority of its sorghum to Japan and New Zealand, with Japan as
the major importer. In the 2012/13 marketing year, China significantly increased their
sorghum imports from Australia.
1
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Figure 1.1. Map of Australia (Source: Atlas of New South Wales)
Sorghum is mainly exported from the United States, Argentina, and Australia to
countries such as China, Japan, and Mexico. The developing countries of China and
Mexico will play a major role in international trade because these countries have large
populations that are continuing to grow in both size and wealth. In the Asian market there
has been a drastic increase in meat consumption. These Asian countries either have to
feed more livestock or import their animal proteins. To feed their growing livestock
industry they must import feed grains from countries such as the United States and
Australia.

2
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Australia is the world’s third largest exporter for sorghum with exports of 1,400
thousand metric tons (TMT) or 19.3 percent of the world market according to the U.S.
Grains Council. Argentina (42.7%), United States (29.6%), and Australia (19.3%) are the
top three sorghum exporters (USGC Annual Report, 2013), together make up 91.6
percent of the total sorghum export market. Australia exports 1,425,000 metric tons
(USDA-FAS 2013/13), while 800,000,000 metric tons is used for feed and residual
(USDA-FAS 2013/13), and virtually no sorghum in food consumption (Queensland
Government, 2012). The United States exports 1,930,000 metric tons (28.8%) of
sorghum, while 2,360,000 metric tons (35.3%) is used for feed and residual and
2,410,000 metric tons (35.9%) for food, seed, and industrial. (U.S. Grains Council, 2013
Annual Report). Japan and China are the top customers of the Australian sorghum export
market. Most recently China became a major importer of U.S. and Australian sorghum
(Hansen, 2014). It is important to realize the potential China has on Australia and United
States sorghum production and other international markets. China’s growing demand for
grain is related to their increased desire to consume more animal proteins.
Historically, China imported the majority of its sorghum from Australia and
Myanmar for alcohol, until they had an increased demand for coarse grains, to expand
their feed rations to include sorghum (USGC, August 2013). In 2012 China imported its
first bulk shipment of Australian sorghum, with imports of 323,000 mt (ABARES, 2013).
Then in October 2013, China imported its first bulk shipment of U.S. sorghum. This
made China the top importer of U.S. sorghum (September 2013 to December 2013) with
imports of 444,783 metric tons (mt) according to the U.S. Grains Council (USGC). By
3
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increasing sorghum imports from two of the top sorghum exporting countries, it is
obvious that China has a serious demand for grain. It is expected that China will continue
to increase imports of sorghum in the future to meet the growing demand for feeding the
Chinese livestock industry.
China’s entry into the sorghum market could lead to competition between the U.S.
and Australia export market. As meat consumption continues to rise in China, so does the
demand for feed grains. As China’s population and income continue to increase so will
their demand to grow and import more food products. Therefore, it is essential to
consider China when discussing international trade, because they are and will continue to
have a major impact on the global market. Utilization for feed sorghum changes
significantly in response to two factors: rising incomes, which stimulate the consumption
of livestock products, and the price of competitiveness of sorghum [compared with] other
cereals, especially [corn] (FAO). China’s population is growing and becoming wealthier,
therefore their diets are moving towards more meat proteins and less grains. China must
develop a way to feed this growing demand of meat proteins; which is where
international trade becomes essential for the Chinese market. China’s demand for
sorghum can be related to this change in consumer’s incomes, taste and preferences.
The main objective of this study is to analyze China’s impact on the Australian
sorghum exports market.
Specific objectives:
•

Estimate Australia parameters of the sorghum market
4
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•

Measure the effects of Australian sorghum price on Chinese sorghum imports

•

Forecast and measure the effects of changes in China’s poultry production on the
Australian sorghum market

•

Forecast and measure the effects of changes in China’s sorghum imports on the
Australian sorghum market

•

Forecast and measure the effects of a drought or an increase in rainfall on
Australian sorghum yields

5
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CHAPTER 2
LITERATURE REVIEW
Grain sorghum is the fifth most important cereal crop in the world (U.S. Grains
Council). Sorghum is used in many different ways depending on the region. Western
countries use sorghum primarily as a feed grain, while in developing regions, such as
African countries, sorghum is a staple in their diets. Western countries, such as the U.S.
and Australia, are slowly introducing sorghum in foods that are gluten free, ancient grains
and GMO free. Sorghum is an excellent choice for farmers in areas where drought is
common because it is less dependent on rainfall and irrigation like it’s competitor corn.
Sorghum is generally traded for feed and market quotations are closely related to
price movements in other feed grains, such as corn, wheat, and barley. The price of feed
grains are typically influenced by world production, size of carryover stocks, and the
number of grain-consuming animals (FAO, 1996). The FAO (1996) study claims that
sorghum becomes attractive as a feed only when sorghum price declines below 95
percent of maize price; therefore, international sorghum prices move very closely with
maize, the world’s most import feed grain, but is generally lower.
Throughout the past few decades the U.S. sorghum market share has been steadily
decreasing from a record of 90 percent in 1950 (Lin and Hoffman, 1990) to 29.6 percent
in 2013 (USGC, 2013), when examining the world sorghum market. The loss of the U.S.
sorghum market can be explained through the increase in Australia and Argentina
exports. U.S. sorghum exports tend to rise and fall with corn exports, as foreign demand
6
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and supplies of feed grains and high-protein feeds change. This causes drastic change
when the price of sorghum deviates from feed-value parity with corn (Lin and Hoffman,
1990).
2.1 Australia
As the third largest exporter of sorghum, Australia’s top export destinations were
historically Japan and New Zealand. This changed when China suddenly increased
sorghum imports from Australia. Figure 2.1 shows the rapid increase in sorghum exports
to China from Australia, where China is represented by the dashed line and Japan by the
solid line. China purchased most of the Australian exports in 2013, causing Japan to
decrease their imports from Australia from 741 tons to 47 tons (ABARES, 2014). When
demand increases, market price will increase, causing current countries in the market to
decrease consumption due to higher prices, which is a likely cause of Japan’s exit from
the Australian market.

7
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Figure 2.1- Australian Sorghum Exports (Source: ABARES)
Over the past five years, sorghum prices in Australia have, on average, been
increasing. This rise could potentially explain why Japan has decreased their imports
from Australia. Japan has been increasing their imports from the U.S., where this shift
could be explained through the increasing price in Australia and the decreasing price of
sorghum in the U.S., as shown in Figure 2.2. where the solid line represents the average
Australian sorghum price and the dashed line represents the average U.S. sorghum price.
Values are in Australian dollars per ton.
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Figure 2.2- Australian and U.S. Average Sorghum Price (Source: ABARES,
Texas Tech University)
USDA research has shown that China’s increased demand for sorghum is due to
their increased demand for meat products due to their growing economy moving
individuals slowly out of poverty. To meet this demand, China must increase imports of
livestock or grains to feed their own livestock. According to the USDA, China’s
increasing demand for meat is expected to continue.
There are many things that can affect production and yield; from rainfall,
temperature, other weather events, available land, soil conditions, weed and pest control,
and competition with other crops. Due to lack of rainfall in Australia during the 2012/13
marketing year, the area planted of sorghum was 577,000 hectares, which is 16 percent
below the 10-year average (USDA-FAS, 2013). Not only do weather conditions affect
harvest yields, it also has an affect on the livestock industry. Cattle producers sell
younger cattle rather than finish them on grass which reduces the price for feeder cattle.
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This can lead to increased feed grain demand, therefore increasing feed grain prices.
According to the USDA-FAS GAIN Report (2013) many growers planned to plant
sorghum in place of cotton to take advantage of higher grain prices.
2.2 China
Many countries do not have specific national production or price policies for
sorghum; therefore sorghum is heavily affected by domestic policies in maize, rice, wheat
and other cereals (FAO, 1996). Policies regarding grain prices are set by the country’s
government where the government has a strong control over the grain market, which
occurs in China. China does not have a quota for grain sorghum like on corn, which is
believed to be a major reason China has increased their sorghum imports to meet the
growing demand for feed grains. China is an important export customer for Australia
because they purchased 85.7% of Australia’s total sorghum exports during the 2013/14
marketing year (ABARES).
In 1995 the Chinese government introduced the “Governor’s Grain Bag
Responsibility System” which was developed to set a target of 95% self-sufficiency on
grains such as rice, wheat, and corn (Hou, 2010). This policy was developed to balance
the supply and demand of grain to maintain grain prices in China. The government
increased prices above the world price and offered farmers incentives to produce grains
instead of cotton and oil seed (Hou, 2010). This policy was successful in increasing the
production and stabilizing price during parts of this period (Hou, 2010), but there were
problems. Wealthy areas of China were subsidized because they were not producing
10	
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enough grains, while poorer areas were heavily taxed to reduce supply because they
excelled in grain production. By subsidizing and taxing these farmers the government
believed they could balance the country’s supply and demand for grains in the regions,
but grain production began to decrease. The Governor’s Grain Bag policy was eliminated
in 2004 and the government then began a series of liberalization reforms in the grain
market (Hou, 2010).
China is slowly moving away from their self-sufficiency policy to a new approach
to food security, which believes is the need for imported feed grains. Chinese officials
still believe that self-sufficiency is highly important, but allow for “appropriate imports”
on grains with a lower priority on corn self-sufficiency. (Hansen, 2014). It appears that
China is realizing that its 95% self-sufficiency is not a logical approach to supplying their
citizens with food for the future. As China increases its food and feed imports, experts are
evaluating grain self-sufficiency in wheat, rice and corn. This general focus is on whether
China should import meats or feeds from a view of national security (Sharma, 2014). As
China begins to move away from this policy there are many opportunities for the
international grains industry to supply China’s growing livestock industry. If the Chinese
government continues to be unaccepting of GMO corn varieties, sorghum would have a
competitive advantage in the Chinese market to feed their growing demand for meat.
According to a 2013 article in Reuters, “domestic corn is more expensive than U.S.
sorghum due to [China’s] stockpiling policy.” This policy is designed to protect the
Chinese producers from price loss. China also imposes import quotas on their
agricultural products. This limits how much they can import of certain commodities.
11	
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“Private mills in China have used up their allocated 2.8 million tonnes of corn import
quotas…” (Shuping, 2013) which is a reason for the sudden shift in importing U.S.
sorghum.
2.2.1 Increase Demand in Feed Grains
China is “the largest feed importer in the world…” (Sharma, 2014), making it a
major part of international trade now and in the future. Sorghum has not been imported to
China in large volumes until marketing year 2013/2014. At the end of 2012/2013, China
imported 123tmt of U.S. sorghum for the first time, while China imported 323 kilotons
from Australia (ABARES, 2014). This sudden demand for sorghum can be attributed to
the “tight supplies that drove [China’s] domestic corn prices well above world market
levels” (USGC, March 2014). This tight supply in China caused imported corn and
sorghum to be cheaper than domestic corn. Combined with constrains on corn imports,
including biotechnology issues, and tariff-rate quotas (TRQ) exacerbated short supplies
in China (USGC, March 2014).
Historically China has steadily increased their use of corn as a feed source. Figure
2.3 demonstrations the increase of sorghum used as a feed grain in China over the past
decade. This graph explains how China has a growing demand for feed grains. The use
for sorghum as a feed source in China has continuously increased since 2009/2010 and
then increased in 2012/2013 to 1,200tmt from 400tmt in 2011/2012. This increase (about
200%) is associated with the first bulk shipment of United States sorghum to China. For
2013/2014, USDA-FAS estimates China will use 3,700tmt of sorghum as a feed source.
12	
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Figure 2.3 – Sorghum Feed and Residual in China (Source: USDA-FAS)

Over the past three decades, poultry production in China has increased from
barely 1kg to over 9kg per year, where 70-80 percent of that is made up of chicken
production (Pi, 2014). “Poultry has been the fastest growing protein sector in China since
the 1990s” (Pi, 2014). Morgan Stanley and USDA predict poultry growth, specifically in
broilers (Pi, 2014). This is important for the sorghum industry because the majority of the
sorghum China purchases is used for feed. Because China is the largest producer and
consumer of poultry, it is assumed that the majority of the imported sorghum is being
used to feed the country’s poultry industry. If Chinese demand for poultry continues to
grow at the average of a little under three percent per year, as predicted in Table 2.1,
there could be a huge opportunity for sorghum producers to produce more sorghum for
export to China.
13	
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Table 2.1 – Comparison of 2020 Poultry Production Predictions (Source: Institute for
Agriculture and Trade Policy)

2020 PRODUCTION
PREDICTIONS (MMT)
20.69

CAGR (OWN CALCULATION,
ASSUMING A BASE OF 17MMT
IN 2011)
2.21%

Rabobank (2011)

21.25

2.51%

USDA (2013)

23.00

3.42%

SOURCE
OECD-FAO (2013)

OECD-FAO predicts that China’s poultry imports will increase from 0.49 mmt in 2013 to
0.56 mmt in 2020, while exports will decrease from 0.58 mmt in 2013 to 0.53 mmt in
2022 (Pi, 2014), predicting a strong growing demand for animal protein consumption in
China, specifically in poultry.
Figure 2.4 shows the steady trend in China’s increase in meat consumption. In
Figure 2.5 it shows the increase in China’s grain imports during this same time period. As
the graphs show, China has had a steady increase in meat consumption but most recently
has had a large increase in total grain imports.
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Figure 2.4. China’s Meat Consumption Per Capita (Source: USDA)
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Figure 2.5. China’s Total Grain Imports (Source: USDA)
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The last section of this chapter evaluates econometric methods and procedures
used in previous studies of this area of research. Import and export demand models and
international trade models have been used in previous studies related to the international
sorghum and grain market.
2.3 Econometric Models
Ishida and Malaga (2014) use the Armington model and three stage least squares
(3SLS) regression to analyze the effects of price and quality for sorghum exports from
the U.S. and Australia to Japan. The Armington model estimates homotheticity and a
single price elasticity, which these two assumptions were related in their study. 3SLS was
used to estimate elasticity, where quantity of U.S. sorghum imports affects the import
price of U.S. sorghum in the Japanese market. The researchers found that demand of U.S.
sorghum is not affected by the price of Australian sorghum in the Japanese market and
that Australian sorghum quality is not affected by the price of U.S. sorghum. Ishida and
Malaga (2014) conclude that the decline in U.S. sorghum imports to Japan could be
contributed to a preference of Australian sorghum. Using this analysis to expand into the
Chinese demand for Australian or U.S. sorghum could help understand where
competition might be between these two top exporters.
Konandreas, Bushnell, and Green (1978) use a linear relationship in terms of
relative prices and commercial import demand for U.S. wheat. While also using an
ordinary least squares (OLS) and mixed least squares to estimate export demand for
wheat. Some trade is expected to flow between the U.S. and an importing country due to
16	
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previously established trade connections and trade agreements, regardless of the direction
of changes in current factors. Where a lagged variable could be justified within a
Nerlovian framework (maximizing profit), in which a country’s current imports from the
U.S. adjusted to desired imports only by a certain proportion. This could cause trade
agreements with other exporters and politics to prevent a country from reaching their
desired level of imports from the U.S. The researchers also used income elasticities in
their estimations of export demand. Konandreas, Bushnell, and Green (1978) used the
ordinary least squares (OLS) to estimate the export demand functions and conditional
least squares (CLS) for extraneous information being introduced as if it were known with
certainty. Incorporating extraneous information may be significant as compared to the
OLS model. Konandreas, Bushnell, and Green (1978) suggest that where price is taken as
given and the importing country adjusts the quantity demanded based on that price.
Overall the conclusion of this research suggests that U.S. export demand for wheat is
responsive to price and exchange rate changes, while any action by the U.S. is assumed to
be matched by other exporters.
Duch-Carvallo and Malaga, (2011) evaluated the effects of the increasing chicken
demand in Mexico and the effect it could have on the United States grain sorghum
market using three stage least squares (3SLS) to obtain the predictions for 25 equations.
The scenarios analyzed in this study were: “1) a baseline, which included FAPRI’s
Mexican chicken production projections, 2) Mexican chicken production adjusted using
an annual increase of 7.6% in chicken meat imports, and 3) Mexican chicken production
adjusted using an annual increase of 9.1% in check meat imports.” Duch-Carvallo and
17	
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Malaga’s, (2011) forecast period for this research was from 2010 to 2018. They
concluded that from the three scenarios, grain sorghum exports from the United States to
Mexico are expected to grow over the next several years. Also, when the rate of Mexican
chicken meat imports from the U.S. increased there was a lower rate of growth in the
Mexican grain sorghum imports (Duch-Carvallo and Malaga, 2011). This research
suggests that U.S. sorghum exports to Mexico are strongly dependent on the demand for
chicken in Mexico.
The Global Vector Autoregressive (GVAR) model was used to analyze the world
wheat market, by analyzing variables that are related to the movement of wheat prices
(Gutierrezl and Piras, 2014). Three shocks were applied during this analysis; 1) short and
long-run response of wheat export prices to decrease in the wheat stock-to-use-ratio, 2)
increase in oil price, and 3) nominal US dollar depreciation. These shocks had an
inflationary effect on wheat prices, but varied by country and they type of shock. At the
global level of the inflationary effect of the stock-to-use-ratio was greater than that of oil
price or U.S. dollar devaluation. This study concluded that falling wheat stock levels
should be a major concern when analyzing international wheat prices because of the
economic impacts of depletion in the stock-to-use (Gutierrezl and Piras, 2014).
Understanding this model to analyze the world wheat market could be helpful in
analyzing the international sorghum market because it could help explain the change in
sorghum prices in the world market, since policy effects will contribute to sorghum prices
in the world market.
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Malaga and Liu (2010) used a partial equilibrium international sorghum trade
model to provided data, model estimation and validation. Their model included nine
functional relationship and eight identities. This model was estimated by using the
Seemingly Unrelated Regression (SUR). This study focused on the United States as the
exporter, but focusing on other main sorghum exporters such as Australia and Argentina
would be beneficial. Mexico was the importing country in this study. By examining
other top sorghum importers these estimates could be improved, therefore this study will
focus on Australian and United States exports and Chinese imports to expand on this
study. The researchers concluded that U.S. corn prices changes would have a relatively
large impact on sorghum exports to Mexico, with the impacts on domestic sorghum
supply and price being smaller. While the poultry industry in Mexico has a strong
potential to affect U.S. exports to Mexico. If sorghum production increased by 5% in the
United States exports to Mexico would increases, but decrease the price of U.S. sorghum.
Lastly, if there was a 5% increase or decrease in sorghum exports to the rest of the world
(ROW), the impact on the U.S. sorghum supply, exports to Mexico, or price would not
see much impact.
China has become the most important import customer for the U.S. and Australian
sorghum market. China will have a major impact on the international sorghum market
due to their enormous growth in meat consumption and demand for feed grains. The U.S.
and Australia could become competitors in the international sorghum market to gain
China’s demand for grain sorghum.
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CHAPTER 3
CONCEPTUAL FRAMEWORK
This research focuses on how China’s increase in demand for sorghum could
affect the Australian sorghum market. And, because of weather variability, the impact of
weather on Australian sorghum is also examined. To understand the importance China
many have, an analysis of the Australian, Chinese, and the world sorghum markets is
conducted.
3.1 Background Information
In 2012, China became the top importer of Australian sorghum. Before China
entered the market, Japan and New Zealand were Australia’s top import customers
(ABARES, 2014). The sorghum demand market is mostly made up of China, Mexico,
and Japan, where demand is met through Australia, Argentina, and the U.S.
Since China has entered the Australian market, they have taken over the Japanese
market share. For marketing year 2012/2013, Japan imported 741 kilotons (kt) while
Chinese imports were 323kt, but then in 2013/2014 China increased imports to 601kt
compared to 47kt for Japan (ABARES, 2014). The figure below shows how much of the
Australian market the Japanese controlled until China took control in 2013/2014.
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Figure 3.1- Australian Sorghum Exports by Country (Source: ABARES)
We know from the literature that China’s increased demand for sorghum is due to
their growing demand for meat products. To meet this demand China has begun to import
more sorghum to feed their growing poultry industry.
Also from the literature we know that rainfall has a major effect on sorghum
production in Australia, since about 90% of sorghum acres planted are dryland. During
years when rainfall is above average it would be expected that yields would be abundant,
while during a year of drought market supply would have been affected negatively.
It is important to keep in mind that China has an increased demand for sorghum to
feed their poultry industry and that Australian sorghum is mainly rain fed. Both will have
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an effect on the international sorghum market. The following section will explain in
theory how they affect the international trade model. It is important to mention that
China has been considered a small importing country, until 2012/13, when they imported
their first bulk shipment of Australian sorghum. In this research the large country model
will be used since it is expected that China will continue to import large amounts of
sorghum in the future.
3.2 International Trade Model
For the purpose of this paper, the international trade model will be modified with
Australia representing the export market while China and the rest of the world represent
the import side of the market. Table 3.1 explains the labeling for the following trade
panel diagrams.
Table 3.1- Explanation of Variables for Trade Panel Diagrams
P
Q
Qs
Qd
Qt
D
S
Px
Pm
Pw
ED
ES

Prices of sorghum, represented on the vertical x-axis
Quantity of sorghum, represented on the horizontal x-axis
Quantity of sorghum supplied by either importer or exporter
Quantity of sorghum demanded by either importer or exporter
Quantity of sorghum traded in the world market
Sorghum demand curve
Sorghum supply curve
Price of sorghum in exporting country
Price of sorghum for importing country
World price of sorghum
Excess demand of sorghum
Excess supply of sorghum

Figure 3.2 represents the international sorghum market with no disruptions to the
international trade market through quotas, tariffs, policies, etc. from either side of the
22	
  

Texas Tech University, Shelbi R. Knisley, August 2015

market. Beginning from the left, starting with the sorghum exporting countries, the
equilibrium point from the supply and demand curves produce the sorghum excess supply
curve in the world market. The right side of the panel diagram represents China and all
other sorghum importing countries. The intersection of the supply and demand curves in
the importing market begins the excess demand curve in the world market. The point
where excess supply and excess demand intersect in the world market represent the
quantity traded of sorghum in the international market (represented by the dashed line)
while also representing the world price of sorghum (represented by the solid horizontal
line). The dashed vertical line in either exporting or importing countries is the quantity
supplied and the quantity demanded of sorghum.

Figure 3.2- Sorghum International Trade Model with No Disruptions to Trade
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This three panel trade diagram can be changed based on actions by either side of
the market, importer or exporter. Figure 3.3 will explain what happens to the market
when an importing country like China suddenly enters the market, disrupting trade.

Figure 3.3- Impact on the World Sorghum Market When There is an Increase in Import
Demand from China
The three panel diagram in Figure 3.3 demonstrates the disruption to the
international sorghum market when an importing country (in this case China) increases
their demand for sorghum. The importing country’s demand curve shifts to the right
causing the world price to increase while increasing the quantity demanded and
increasing the quantity supplied of sorghum in the importing country. This increase in
demand for sorghum from China or any other importing country causes sorghum price in
the exporting country to increase. The increase in price is positive for the sorghum
producers from the exporting country. As shown in the left graph the quantity supplied
increases while the quantity demanded decreases in the exporting market. The importing
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country’s shift of the demand curve to the right causes excess demand in the world
market to also shift to the right causing an increase in quantity traded of sorghum to meet
China’s growing demand to feed their poultry industry.
This three panel diagram shows that an increase in demand from an importing
country has a positive affect on the sorghum producers in the exporting countries because
they will receive higher prices for their sorghum, while also increasing production to
meet those demands of the importing country.
The final shift to the sorghum international trade market is explained in Figure
3.4, where there is a shift in the sorghum supply. This shift in suppy is contributed to
Australian rainfall.

Figure 3.4- Impact on the World Sorghum Market When There is a Shift in the Supply
Market
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In Figure 3.4 the supply curve shifts to the right to represent an increase in Australian
sorghum production. This increase can be contributed to an increase in rainfall, since
sorghum is mainly rain fed. As the supply curve shirts right the equilibrium point in the
export market shifts down causing a shift to the right of the excess supply curve in the
world sorghum market (center graph). A rightward shift in the excess supply curve means
that the equilibrium point in the world market shifts to create an increase in quantity
traded (Qt*) of sorghum in the world market. This shift in the supply market causes the
international sorghum price to decrease, causing an increase in quantity demanded by the
importing country to increase while the quantity supplied decreases in the importing
country, China. The opposite would occur if there was a drought in Australia.
In this chapter the theoretical framework of international trade was established
through the three panel trade diagrams. These graphs examined the different effects an
importing or exporting market could have on supply, demand, and prices in the sorghum
market.
China’s growing poultry industry plays a major role in the increased demand for
sorghum, which will have an effect on the Australian and world sorghum market. Also,
Australian rainfall is import to consider when examining the international sorghum
market, since sorghum production relies heavily on rainfall. These shifts in supply and
demand effect sorghum price, quantity traded, supplied and demanded in the market. In
the next chapter I will set up the econometric models for this study.
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CHAPTER 4
METHODS AND PROCEDURES
To best understand China’s increased demand for sorghum on the international
sorghum market and weather effects, a structural modeling approach is used. Several
scenarios will be analyzed through simulations and forecasting of these models.
4.1 Econometric Models
For this study, ordinary least squares (OLS) was used to estimate the parameters
of the Australian sorghum supply, demand, and export market. The equation for the
Australian sorghum supply market is:
Total Australian sorghum production = Ashvt x Asyid

(4.1)

Where:
Ashvt = a0 + a1 Aspt-1 + a2 Awp + e1

(4.2)

Asyid = b0 + b1 Asp + b2 Arain + e1

(4.3)

Where:
Ashvt = Australian sorghum area harvested (1,000 hectares)
Asp = Australian sorghum price, and t-1 is lagged price (Australian Dollars
per ton)
Awp = Australian wheat feed price (Australian Dollars per ton)
Asyid = Australian sorghum yield (tons per hectare)
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Arain = average rainfall (inches)
The equation for the Australian sorghum demand model:
Asc = c0 + c1 Asp + c2 Awp + c3 Alp + e1

(4.4)

Where:
Asc = Australian sorghum consumption (1,000 metric tons)
Asp = Australian sorghum price (Australian dollars per ton)
Awp = Australian wheat feed price (Australian dollars per ton)
Alp = Australian livestock production (1,000 metric tons)
This model represents the excess supply of Australian sorghum, which will be
referred to as the Australian sorghum export model:
Excess supply = Ashvt*Asyid– Asc

(4.5)

Export equations for Australia’s top two importing countries, China and Japan:
Exc = d0 + d1 Asp + d2 Cny + d3 Cp + d4 Csim + d5 Dummy + e1

(4.6)

Exj = f0 + f1 Asp + f2 Jpy + f3 Jp + f4 Jsim + e1

(4.7)

Where:
Exc = Australian sorghum exports to China (tons)
Asp = Australian sorghum price (Australian dollars per ton)
Cny = Chinese Yuan exchange rate to Australian dollars
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Cp= China poultry production (1,000 metric tons)
Csim = China sorghum imports (1,000 metric tons)
Dummy = Dummy variable to represent sudden increase in China imports
Exj = Australian sorghum exports to Japan (tons)
Jpy = Japanese Yen exchange rate to Australian dollars
Jp = Japan poultry production ((1,000 metric tons)
Jsim = Japan sorghum imports (1,000 metric tons)
An Australian sorghum price model was also created to link this research with the Texas
Tech University sorghum trade model. The model is specified as:
Asp = g0 + g1 Sp +g2 Usd + e1

(4.8)

Where:
Asp = Australian sorghum price (Australian dollars per ton)
Sp = International sorghum price ($1,000 per metric ton)
Usd = U.S. dollar exchange rate to Australian dollars
Data for this research consists of twenty-three crop marketing years (1990/19912012/2013), which are from September to August. The data was collected from the
United States Department of Agriculture (USDA), the Australian Government
Department of Agriculture- Australian Bureau of Agricultural and Resource Economics
29	
  

Texas Tech University, Shelbi R. Knisley, August 2015

(ABARE), and the U.S. Department of Commerce, National Oceanic and Atmospheric
Administration (NOAA). The Table 4.1 below contains detailed descriptions of data used
throughout this research.
Table 4.1- Data Utilized for Research
Data
Australian Sorghum Area Harvested
Australian Sorghum Yield
Australian Sorghum Exports by country
Sorghum/Wheat Feed Average price A$/t

Source
Australian Government
Department of Agriculture;
Australian Bureau of Agricultural
and Resource Economics
(ABARE)

China Sorghum Imports
Japan Sorghum imports

USDA-ERS

Australia Livestock production
China/Japan Poultry production
Australian Sorghum consumption

United States Department of
Agriculture- Foreign Agricultural
Services (USDA-FAS) PSD

U.S. Dollars Exchange Rate
Chinese Yuan Exchange Rate
Japanese Yen Exchange Rate

OZFOREX- Foreign Exchange
Service
Texas Tech University
International Trade Model
U.S. Department of Commerce,
National Oceanic and
Atmospheric Administration
(NOAA)

International Sorghum Price
Australian Rainfall

4.2 Descriptive Statistics
Table 4.2 is a summary of the data used in the models above. This data set
includes 23 observations, from marketing years 1990/91- 2012/13. During these
marketing years, the average price of Australian sorghum was A$206.40 per ton, while
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the prices ranged from A$131.87 to A$341.71 per ton, with a standard deviation of 56.43.
Australian sorghum yield during this period was 2.65 tons per hectare with a range of
1.28 to 4.03 tons per hectare, with a standard deviation of 0.65 tons. During the selected
marketing years the average Australian sorghum consumption was 1,282.65 metric tons.
The range during this period was 495.00 to 2,205.00 metric tons and the standard
deviation was 413.23. The average Australian rainfall during this period was 387.14
inches, ranging from 136.50 to 672.08 inches with a standard deviation of 120.63.
Australian sorghum exports to China average 33,812.57 tons, ranging from 0.00 to
622,284 tons where the standard deviation is 130,088.12. Average Chinese poultry
production during this period is 8,813.74 thousand metric tons with a range of 2,427 to
13,706. The standard deviation for Chinese poultry production is 3,209.27. Chinese
sorghum imports average 41.65 thousand metric tons, ranging from 0.00 to 631 thousand
metric tons, with a standard deviation of 130.93.
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Table 4.2- Descriptive Statistics (Source: SAS)

Variable
Australian Sorghum Price
International Sorghum Price
U.S. dollar exchange rate
Australian Sorghum Consumption
Australian Wheat Feed Price
Australian Livestock Production

Measurement
A$/ton
1,000/mt

Standard
Minimum Maximum
Deviation
206.40
56.43
131.87
341.71

Mean

0.16

0.04

0.11

0.25

A$ to usd

0.75

0.13

0.52

1.04

1,000 mt

1,282.65

413.23

495.00

2,205.00

A$/ton

221.62

72.14

132.33

425.68

1,000 mt

2,340.09

178.87

2,037.00

2,571.00

Australian Sorghum Yield

ton/ha

2.65

0.65

1.28

4.03

Australian Average Rainfall

inches

387.14

120.63

136.50

672.08

tons

284,255.35

297,238.73

A$ to yen

82.16

12.46

62.62

113.13

Japan Poultry Production

1,000 mt

1,195.22

86.50

1,074.00

1,332.00

Total Japan Sorghum Imports

1,000 mt

2,079.17

712.26

1,084.00

3,404.00

tons

33,812.57

130,088.12

0.00

622,284.00

A$ to yuan

5.49

0.96

3.74

6.69

China Poultry Production

1,000 mt

8,813.74

3,209.27

2,427.00

13,706.00

Total China Sorghum Imports

1,000 mt

41.65

130.93

0.00

631.00

-

0.04

0.21

0.00

1.00

1,000 ha

635.13

144.13

380.00

942.00

Australian Sorghum Exports to Japan
Japanese yen Exchange Rate

Australian Sorghum Exports to China
Chinese Yuan Exchange Rate

Dummy
Australian Sorghum Area Harvested

701.00 1,192,326.00

4.3 Model Simulations
All data analysis in this research was conducted using Statistical Analysis
Software (SAS) Version 6.1 Enterprise Guide. A system of equations was used to
simulate the models established at the beginning of this chapter. The models were used to
project a baseline forecast for use in comparison with the simulations. This system of
equations was then used to simulate the following three scenarios to forecast changes in
1) China’s poultry production growth by increasing and decreasing by 50% from the
baseline, 2) increasing and decreasing China’s total sorghum imports from the baseline
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by 50% and 3) assuming a drought or Increase in rainfall on the first five years of
Australia’s average rainfall to measure the affect on Australian sorghum yields.
The exogenous variables were used to solve this system of equations. The
equations were set at equilibrium, where domestic production equals demand and
exports, which is expressed in the following equation:
Yield x harvested acre + beginning stock = domestic consumption + exports + ending
stock

(4.9)
To conduct the forecast, FAPRI data was used for the exogenous variables where

data was available. The exogenous variables that did not have FAPRI data were estimated
by constructing a linear time trend. The observed data was run against a time trend to
forecast the exogenous variables from 2013 to 2025. The forecasted values and FAPRI
data were used as the baseline to simulate the models. Figure 4.3 provides the sources for
forecasting.
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Table 4.3. Sources for Forecasting

Variables

International sorghum price
Australian wheat feed price
Australian livestock
production
China poultry production
Japan poultry production
Japan sorghum imports

U.S. dollar exchange rate
Australian average rainfall
Chinese Yuan exchange rate
China sorghum imports
Japanese Yen exchange rate

Source

Forecasted
years

FAPRI

2013-2025

Calculated from time
trend

2013-2025

For the first scenario the baseline for growth in China’s poultry production will be
shocked with a 50% increase and decrease to the baseline of China’s poultry production
to examine the potential effect of China’s poultry production on Australian sorghum
exports to China. The second scenario examines changes to the baseline of China’s total
sorghum imports, by an increase and decrease to the baseline by 50%. This scenario is
used to analyze changes in China’s sorghum imports on Australian sorghum exports to
China. The final scenario considers a drought and an Increase in rainfall on the first five
years of the baseline. To analyze the effects of a drought and an Increase in rainfall on
Australian sorghum yields the standard deviation of the observed data will be subtracted
from the first five years of the baseline for the drought and added to the first five years
for an Increase in rainfall.
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CHAPTER 5
RESULTS
This chapter will be divided into two different sections. The first section will
provide the results of the econometric models that were presented in the previous chapter.
The second section will analyze the different scenarios used for simulating those models
and forecasting.
5.1. Econometric Model Interpretations
The models introduced in the previous chapter are estimated to explain the
Australian sorghum market supply and demand. First, represented are the results for
equation 4.2, which was estimated using an OLS regression and the results are presented
in Table 5.1.
Table 5.1. Summary of Results from the Australian Sorghum Area Harvested Equation
(Source: SAS)
Explanatory
Variables
Intercept
Aspt-1
Awp
R2
Adjusted R2
F-Value
Theil U2 Stat

Parameter
Estimate

Standard
Error

379.693
0.923
0.356
0.264
0.186
0.055
0.172

105.786
0.678
0.517

35	
  

t-Values
3.590
1.360
0.690

P-Value
0.002
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The model is significant at the F-value where the P-Value is significant at 0.055. For
every one Australian dollar increase in the lagged Australian sorghum price, Australian
sorghum area harvested increases by 0.923 thousand hectares and for every one
Australian dollar increase in Australian wheat feed price area harvested will increase by
0.356 thousand hectares. The elasticity at the mean of Australian sorghum price with
respect to Australian sorghum area harvested is 0.23, meaning that a one percent increase
in Australian sorghum price will cause Australian sorghum area harvested to increase by
0.23 percent. Therefore Australian sorghum price is inelastic. While the estimated price
elasticity for Australian wheat feed price is 0.124, meaning that when Australian wheat
feed price increases by one percent, Australian sorghum area harvested will increase by
0.124 percent. In this model the price of sorghum was lagged to represent the farmer’s
decision of planting sorghum based on the previous year price, because price for the
current planting year has yet to be established. The Australian sorghum price is
significant at 0.189, meaning that the lagged price of sorghum has an effect on the
farmers decision to plant sorghum over wheat because wheat is not significant in this
model. Theil’s U2 statistic of 0.172 suggests that the model is effective in terms of
forecasting.
The results for the Australian Sorghum Yield equation (Equation 4.3) are shown
in Table 5.2.
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Table 5.2. Summary of Results from the Australian Sorghum Yield Equation (Source:
SAS)
Explanatory
Variables

Parameter
Estimate

Intercept
Asp
Arain
R2
Adjusted R2

0.422
0.006
0.003
0.379
0.316

Model Significance
Theil U2 Stat

0.009
0.819

Standard
Error
0.652
0.002
0.001

t-Values

P-Value

.0650
2.620
2.870

0.525
0.017
0.001

The model is significant at a P-Value of 0.009. For every one Australian dollar increase
in Australian sorghum price, Australian sorghum yield increased by 0.01 tons per hectare.
For every one-inch increase in Australian rainfall, Australian sorghum yields will
increase by 0.01 tons per hectare. Elasticity was calculated at the mean of Australian
sorghum price with respect to Australian sorghum yields, where Australian sorghum
price is inelastic at 0.467. Therefore as Australian sorghum price increases by one
percent, Australian sorghum yields will increase by 0.467 percent. Australian average
rainfall is inelastic at 0.438, meaning that a one percent increase in Australian rainfall
causes Australian sorghum yields to increase by 0.438 percent, where level of
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significance is 0.0095, meaning that rainfall has an effect on Australian sorghum yields1.
The Theil’s U2 statistic is 0.819.
To get total Australian sorghum production equation, equations 4.2 and 4.3 are
multiplied to get equation 4.1. This represents the supply side of the Australian sorghum
market. The next three models will represent the demand side of the Australian market.
The demand side will be represented by Australian sorghum consumption and two export
equations, China and Japan.
Table 5.3 provides the results for equation 4.4, which was estimated using OLS.
Table 5.3. Summary of Results from the Australian Sorghum Consumption Equation
(Source: SAS)
Explanatory
Parameter
Standard
t-Values
P-Value
Variables
Estimate
Error
Intercept
-975.187
798.466
-1.220
0.237
Asp
-10.315
2.870
-3.590
0.002
Awp
9.482
2.352
4.030
0.001
Alp
0.977
0.383
2.550
0.020
2
R
0.687
Adjusted R2
0.637
Model Significance
<0.0001
Theil U2 Stat
0.168
This model has a significance at a p-value of <.0001, while Australian sorghum price,
Australian wheat feed price, and Australian livestock production were all significant at
the following p-values, 0.002, 0.001, and 0.020 respectively. The parameter estimates
explain that for every one Australian dollar increase in Australian sorghum price,
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  A one percent change in average rainfall is small meaning that it is inelastic, but in the long ru
has a significant affect on Australian sorghum yields, because Australian sorghum is mainly
produced by dryland cropping.
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Australian sorghum consumption will decrease by 10.315 thousand metric tons. For
every one Australian dollar increase in Australian wheat feed price, Australian sorghum
consumption will increase by 9.48 thousand metric tons. For every thousand metric tons
increase in Australian livestock production, Australian sorghum consumption will
increase by 0.98 thousand metric tons. The price elasticity of Australian sorghum price is
elastic at 1.65, meaning that Australian sorghum consumption is sensitive to changes in
Australian sorghum price, meaning that a one percent increase in Australian sorghum
price will cause Australian sorghum consumption to change by 1.65 percent. The price
elasticity for Australian wheat feed price is elastic at 1.638. Therefore if Australian wheat
feed price increases by one percent, Australian sorghum consumption will increase by
1.638 percent. The elasticity of Australian livestock production is elastic at 1.782. As
Australian livestock production increases by one percent, Australian sorghum
consumption increases by 1.782 percent. The Theil’s U2 statistic is 0.168.
Australian sorghum exports are calculated by subtracting domestic consumption
from total Australian sorghum production (equation 4.5). The export equations for China
and Japan are explained to show the effect exports have on the demand side of the
established system of equations.
Australian exports to China are represented by equation 4.6, which was estimated
by OLS. The results for this model are in Table 5.4
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Table 5.4. Summary of Results from the Australian Sorghum Exports to China Equation
(Source: SAS)
Explanatory
Variables
Intercept
Asp
Cny
Cp
Csim
Dummy
R2
Adjusted R2
Model Significance
Theil U2 Stat

Parameter
Estimate
-11,405.000
-53.612
197.054
2.128
670.379
196,043.000
0.994
0.992
<0.0001
0.0750

Standard
Error
15,849.000
54.719
3,496.621
1.213
99.892
61,819.000

t-Values
-0.720
-0.980
0.060
1.750
6.710
3.170

P-Value
0.482
0.341
0.956
0.097
<0.0001
0.006

This model is significant at a p-value of <.0001. For every one Australian dollar increase
in Australian sorghum price, Australian sorghum exports to China would decrease by
53.61 tons. China’s demand for Australian sorghum is inelastic at 0.327. Therefore a one
percent increase in Australian sorghum price will cause Australian sorghum exports to
China to decrease by 0.327 percent. For every thousand metric tons increase in Chinese
poultry production, Australian sorghum exports to China increase by 2.128 tons. Chinese
sorghum derived demand from poultry production is inelastic at 0.055, meaning that a
one percent increase in Chinese poultry production will lead to a 0.055 percent increase
in Australian sorghum exports to China. For every thousand metric tons increase in
Chinese sorghum imports, Australian sorghum exports to China increase by 670.38 tons.
Chinese sorghum imports are inelastic at 0.826, meaning that a one percent increase in
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Chinese sorghum imports will cause Australian sorghum exports to China to increase by
0.826 percent. A dummy variable was used in this model to represent the sudden increase
in Chinese imports, because in the past China inconsistently imported sorghum from
Australia. The Theil’s U2 statistic is 0.075.
The final model, which is represented by equation 4.7, was also estimated using
OLS. The results for Australian sorghum exports to Japan are found in Table 5.5.
Table 5.5. Summary of Results from the Australian Sorghum Exports to Japan Equation
(Source: SAS)
Explanatory
Variables
Intercept
Asp
Jpy
Jp
Jsim
R2
Adjusted R2
Model Significance
Theil U2 Stat

Parameter
Estimate
-1,114,015.000
-989.275
-7,784.524
2,109.503
-134.340
0.242
0.074
0.262
0.622

Standard
Error
874,802.000
1,660.924
6,863.336
1,056.277
126.705

t-Values
-1.270
-0.600
-1.130
2.000
-1.060

P-Value
0.219
0.559
0.275
0.061
0.303

This model is significant at a p-value of 0.2618. For every one Australian dollar increase
is Australian sorghum price, Australian sorghum exports to Japan will decrease by
989.275 tons. Australian sorghum price is inelastic at 0.718, causing exports to decrease
by 0.718 percent when Australian sorghum price increases by one percent. For every
thousand metric tons increase in Japanese poultry production, Australian sorghum
exports to Japan increase by 2,109.5 tons. Japanese poultry production is elastic at 8.87,
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meaning that Australian sorghum exports increases by 8.87 percent when Japanese
poultry production increases by one percent. This equation is unlikely capturing all the
effects of the Australian sorghum exports to Japan because an elasticity of 8.87 is not
realistic. An elasticity of 8.87 would mean that Japan is inefficient in poultry production,
but that seems unlikely. For every thousand metric tons increase in Japanese sorghum
imports, Australian sorghum exports to Japan decrease by 134.34 tons. It is expected that
this parameter would be positive, but it is negative because Japan imports the majority of
its sorghum from Australia causing this parameter to be negative. Since it is not
significant it does not make much of a difference. It is known that Japan prefers
Australian sorghum to U.S. due to the higher quality from Australia. Japanese sorghum
imports are inelastic at 0.983, meaning that a one percent increase in Japanese sorghum
imports causes Australian sorghum exports to Japan to decrease by 0.983 percent. The
Theil’s U2 statistic is 0.622.
In summary of these models we can conclude that poultry production has a major
impact on Australian sorghum exports to China and Japan. This is important to note
because as mentioned in the literature review, Asian countries are not only growing in
population but incomes are also increasing causing an increasing demand for animal
proteins, in this case poultry. If the growing demand for meat consumption continues it is
expected that sorghum exports to these Asian countries will continue to grow to meet this
demand. A second conclusion that can be made from these models is that price does not
have a strong effect on farmer’s willingness to plant more sorghum, or an importing
countries willingness to import more sorghum. When the price of sorghum decreases
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Asian countries are importing more sorghum and Australian consumption increases. This
could be contributed to sorghum being a substitute for corn. Generally when the price of
sorghum is lower sorghum imports and consumption increases in replacement for the
increased prices of corn or another substitute. The next section will explain the different
simulations conducted for this study.
5.2. Simulations
Three scenarios; changes in China’s poultry production growth, Australian
sorghum imports to China, and the effect rainfall has on Australian sorghum yields, were
used to examine impacts and sensitivities to the Australian sorghum sector.
For the first scenario, China’s poultry production growth was shocked with a 50%
decrease and 50% increase to measure the effect on Australian sorghum exports to China.
The effects of the decrease and increase on the baseline on Australian sorghum exports to
China are shown in Figure 5.7. Additional graphs can be found in Appendix A.
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Figure 5.1. Australian Sorghum Exports to China when Poultry Production in China
Changes (Source: SAS)
If poultry production growth were to decrease by 50% over the next thirteen years,
Australian sorghum price would decrease, on average, 0.5%, while total sorghum
production would decrease, on average, 0.41%. When poultry production growth was
increased by 50% over the same time period, Australian sorghum price increased by
0.49%, while total production increased by 0.41%. This result suggests that when China
poultry production growth changes, the effect on Australian price and Australian
sorghum production is small. Regardless of Chinese poultry production growth, China is
still likely to import Australian sorghum. This result indicates that Australian exports are
inelastic with respect to Chinese poultry production. The full results for this simulation
model is found in Appendix B.
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The second scenario examines the increase and decrease of total sorghum imports
in China on Australian sorghum exports to China. Decreasing total sorghum imports by
50% and then increasing them by 50% from the baseline simulated this scenario. By
decreasing China’s total sorghum imports by 50% Australian sorghum price decrease on
an average of 1.6% over the 13 year forecast. During the same period if China’s total
sorghum imports increased by 50% then Australian price increased on an average of
1.6%. There was also a small effect on total sorghum production. When total imports
decreased by 50% then total production would decrease by 1.31% but if China’s imports
increased by 50% then total production on average would increase by 1.32% over the
forecasted period. If China’s total sorghum imports decreased by 50% then on average
total sorghum imports to China would decrease on average of 17.2% when Australian
sorghum exports to China increase, and the opposite would be true if there was an
increase of 50% in China’s sorghum imports. Figure 5.8 shows the effect on the baseline
if China’s sorghum imports were to increase or decrease by 50% on Australia’s sorghum
exports to China. Additional graphs can be found in Appendix A. For further reference on
the effect of total Chinese sorghum imports on the baseline for Australia’s total sorghum
exports to China the results for this simulation is in Appendix B.
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Figure 5.2. Australian Sorghum Exports to China when China’s Total Sorghum Imports
Change (Source: SAS)
The final simulation examines the effect of rainfall on Australian sorghum yields.
To measure the effect rainfall has on Australian sorghum production two scenarios were
analyzed, a drought over the first five years of the forecast and an Increase in rainfall for
the first five years. To forecast the rainfall for these two scenarios the standard deviation
was subtracted (drought) or added (Increase in rainfall) to the baseline forecasted values.
The standard deviation was calculated on the years 1990 to 2012, which was 120.63.
Figure 5.8 shows the effect on Australian sorghum yield when there is a drought or
Increase in rainfall for the first five years of the forecast period. Additional graphs can be
found in Appendix A.
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Figure 5.3. Australian Sorghum Yields when Australia Experiences a Drought or Increase
in Rainfall (Source: SAS)
If Australia were to suffer from a drought from 2013 to 2017, where average rainfall was
29.21% below average rainfall there would be a negative effect on Australian sorghum
yields. The average baseline yield for the first five years of the forecast is 3.28 MT, but if
a drought is in effect during that time, then yields are forecasted at an average of 3.01 MT
for that time period. Prices were also significantly impacted during a drought. For the five
years of the drought the average Australian price of sorghum would increase by 5.72%,
while total production would decrease on average during that period of 6.61%. Rainfall
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has a significant impact on sorghum yields based on this simulation, but it is also
expected since we know from the literature that about 90% of Australian sorghum is
dryland, therefore heavily depending on rainfall for sorghum yields. If the first five years
consisted of an increase in rainfall, then yields were estimated at 3.55 MT compared to
the baseline of 3.28 MT. As Australian sorghum yields increases the price of Australian
sorghum decrease on average of 5.56% during that five year period. It is obvious that
total sorghum production would be effected during that period, total production increases
by 6.41%. From this scenario we can conclude that rainfall has a significant impact on
Australian sorghum production and sorghum prices. The results for this simulation model
are in the Appendix B for further reference on the effects of Australian rainfall on the
baseline for Australian sorghum yields.
From these simulations we can conclude that Australian sorghum price is highly
inelastic and that rainfall is highly elastic and significantly affects Australian sorghum
yields. Since price does not have much effect on China’s demand for Australian sorghum
imports, China might be importing sorghum from Australia because they like the higher
quality or their demand for feed grains are high, the price of sorghum does not make
much of a difference in their decision to import sorghum.
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CHAPTER 6
SUMMARY AND CONCLUSION
6.1 Summary
The main objectives of this paper were to analyze the effects China has on the
Australian sorghum market and analyze the supply and demand of the Australian
sorghum market. Beginning in 2012, China imported their first bulk shipment of
Australian sorghum. The main reason for this increase in demand can be explained by
China’s increase in meat consumption. From the literature review and data we know that
the main cause for an increased demand of sorghum is to meet the demand of China’s
growing poultry industry, since sorghum is mainly used as a feed source. From the
literature and the forecast that was conducted we can conclude that China’s poultry
production is expected to continue to grow. As the Chinese poultry industry continues to
grow the need for more feed is necessary, therefore Chinese imports of sorghum are
expected to continue to increase.
The econometric models used in this study provide a variety of information about
the Australian sorghum market and the effects of China. From this research we can
conclude that China has a major impact on the Australian sorghum market. It is expected
that China’s poultry industry will continue to increase meaning that China must import
grains to meet the country’s growing meat demands. We also found that Australian
sorghum exports to China are relatively insensitive to changes in Australian sorghum
price. This suggests that China has a high demand for grains, and price does not affect
49	
  

Texas Tech University, Shelbi R. Knisley, August 2015

their decision to purchase sorghum and/or that the quality of Australian sorghum is
superior to other exporting countries, such as the U.S. or Argentina.
The simulations also suggest that Australian sorghum yields are affected by
average rainfall. This comes as no surprise because we know from our literature review
that dryland cropping produces the majority of Australian sorghum. When there is either
a drought or significant amount of rainfall yields and pries are affected. It is important to
note that Australian sorghum production heavily relies on Australia’s weather conditions.
From this research we can conclude that China’s poultry industry is expected to
continue to grow, as well as sorghum imports to China. Although it is unknown if China
will continue to increase imports of sorghum at its current rate, it is expected by the
industry that China will continue to import sorghum to meet the demands of their
growing poultry and meat sector. It is also important that Australian sorghum production
strongly depends on rainfall. Australian sorghum price was relatively inelastic on the
supply side, while it was elastic on the demand side. This suggests that China will
purchase sorghum regardless of the price, while Australia consumes more sorghum when
prices are lower.
6.2 Additional Research
From this research we believe that China has the potential to have a large impact
on the sorghum market. China could exit the market causing disruptions to international
trade, since they are difficult to predict. Or they could continue on their current trend of
increasing sorghum imports to meet their growing poultry industry. Regardless China
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must feed their livestock and poultry industry and sorghum is currently a top choice to
meet that demand. As sorghum begins to gain acceptance into the food market, there will
be more demand for the crop. With this being said it seems that sorghum is working its
way back into the market to be a major food and feed source for the future.
The econometric models used in this study will be helpful in joining the
Australian sorghum market to the Texas Tech University sorghum world trade model.
The Australian exchange rate model will convert these values to work with the world
sorghum price that is used in the world sorghum trade model at Texas Tech University.
The econometric models and forecasting in this research can be useful to farmers in
making planting decisions to help manage their risks.
Research can be expanded on the world sorghum market by adding more
countries to the Texas Tech international trade model. Currently the U.S., Mexico, E.U.,
and Africa are included. Adding Argentina to the model will complete the export side of
the world sorghum market for this trade mode.
China is a difficult country to predict because of their government and past
events. As mentioned in the literature review China stopped accepting shipments of a
certain corn variety, which they had been importing for years, because they did not want
to accept the increased price of corn. Since China’s continuous presence in the market its
unknown it is hard to predict the future of the international sorghum market. If China
does exit the market there will be ramification in the sorghum market, because production
is steadily increasing to meet the demands of countries like China, who have a growing
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demand for animal proteins. Previously Japan was the major importer of Australian
sorghum until China took over the Australian market share. China has caused disruptions
to the market and if they exit the market in the future then they will cause more
disruptions to the international market.
From this research we believe that sorghum will continue to increase and be an
important crop for the feed industry, especially poultry. As Asian countries continue to
increase their incomes they will most likely continue to increase their demand for animal
proteins. From the forecast in this study Chinese poultry production is expected to
continue on an increasing trend. Sorghum seems to be the best option for feeding the
growing poultry production in countries such as China and Japan. The best option for
China is to continue to import sorghum from Australia and the United States since there
are no quotas on sorghum like on corn. As of now it is expected that China will continue
to import sorghum.
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APPENDIX A
SIMULATION GRAPH RESULTS

Figure A.1. Australian Sorghum Price when Chinese Poultry Production Growth Changes
from Simulations (Source: SAS)
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Figure A.2. Australian Sorghum Total Production when Chinese Poultry Production
Changes from Simulations (Source: SAS)
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Figure A.3. Chinese Poultry Production Growth from Simulations (Source: SAS)
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Figure A.4. Australian Sorghum Price when Chinese Sorghum Imports Change (Source:
SAS)
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Figure A.5. Australian Sorghum Total Production when Chinese Sorghum Imports
Change (Source: SAS)
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Figure A.6. Chinese Sorghum Imports from Simulations (Source: SAS)
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Figure A.7. Australian Sorghum Price when Average Australian Rainfall Changes
(Source: SAS)
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Figure A.8. Australian Sorghum Total Production when Average Australian Rainfall
Changes (Source: SAS)
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Figure A.9. Change in Average Australian Rainfall (Source: SAS)
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APPENDIX B
SIMULATION RESULTS
Table B.1. Forecast Results for Baseline for China Poultry Production for Australian
Sorghum Exports to China Equation
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Table B.2. Forecast Results for 50% Decrease in China Poultry Production for Australian
Sorghum Exports to China Equation

Table B.3. Forecast Results for 50% Increase in China Poultry Production for Australian
Sorghum Exports to China Equation
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Table B.4. Forecast Results for Baseline for China Total Sorghum Imports for Australian
Sorghum Exports to China Equation

Table B.5. Forecast Results for 50% Decrease in China Total Sorghum Imports for
Australian Sorghum Exports to China Equation
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Table B.6. Forecast Results for 50% Increase in China Total Sorghum Imports for
Australian Sorghum Exports to China Equation

Table B.7. Forecast Results for Baseline on Australian Average Rainfall on Australian
Sorghum Yield Equation
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Table B.8. Forecast Results for Drought on Australian Average Rainfall on Australian
Sorghum Yield Equation

Table B.9. Forecast Results for Increase in Rainfall on Australian Average Rainfall on
Australian Sorghum Yield Equation
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