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This research was conducted in 2017, prior to the U.S.-China trade dispute, and anticipated the potential
risk for U.S. sorghum exports if China, the U.S. top market for sorghum, imposed trade restrictions. The
USDA-ERS China model was used to analyze the impacts on U.S. and global sorghum trade. Results
show that the decrease of China’s sorghum imports resulted in less sorghum demand and a lower
sorghum price in the global market. Sorghum exports for U.S. and other major sorghum exporters
decreased significantly. The results show the necessity for U.S. sorghum exporters to seek new sorghum
export opportunities worldwide. Meanwhile, U.S. sorghum exporters may change their cropping patterns
to continue making profits by switching out of sorghum.
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INTRODUCTION

This research conducted in 2017 as a Masters’ thesis (Zhang, 2017), anticipated the potential
reduction of U.S.-China trade for sorghum. Since then multiple events have transpired throughout the
escalating U.S.-China trade war (Marchant and Wang, 2018) including (1) China’s anti-dumping and
countervailing duty investigation against U.S. sorghum imports initiated on February 4, 2018; (2) China’s
imposition of a 178.6% tariff on U.S. sorghum imports on April 18, 2018 (Hansen, et al., 2018). Both
were short-lived and have since been withdrawn on May 18, 2018; however a 25 percent retaliatory tariff
imposed in July 2018 remains in place as of May 8, 2019. On a more positive note, China made its
largest purchase of U.S. sorghum in March 2019 since tariffs were imposed (Polansek, 2019).

Regardless of the ongoing trade conflict, China is the world’s largest agricultural producing country
and a strong force in international trade. China is currently the world’s dominant sorghum importer, and
its sorghum demand is a major reason why global sorghum trade is expected to gradually increase over
the next decade (Tran et al., 2015). Despite the increasing volume of imports, there is a possibility that
sorghum imports will decline significantly because of the change of China’s corn policy, specifically
changes in China’s support price and temporary reserve programs. Chinese importers started to decrease
their rate of sorghum imports from the U.S. beginning in 2016 as China ended these programs; thus
lowering its corn price and reducing the demand for substitute feed. According to the prediction from the
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Food and Agriculture Organization of the United Nations, a 50% reduction of China’s sorghum imports
will result from Chinese corn policy change (FAO, 2014).

In the past few decades, the rapid growth of China’s economy led to a significant change in
consumption patterns. The demand for dairy and meat products increased dramatically, which promoted
China’s livestock industry. Simultaneously, with high urbanization rates, the Chinese economy structure
is transforming from a producer-driven economy to a consumer-driven economy (Sagami, 2011).
Accordingly, the food consumption structure is shifting from grains to meat; thus, China’s high meat
demand is promoting a fast-developing feed industry (Gale, 2015). Sorghum demand is a derived demand
from the demand for food and feed, and the primary demand is for feed. The growing demand for
livestock, in turn, resulted in a growing demand for feed grains, such as corn and sorghum.

The objective of this research seeks to analyze the impacts on U.S. and global sorghum trade if China
restricts sorghum imports. To answer this question, this research will use the U.S. Department of
Agriculture-Economic Research Service (USDA-ERS) China Model and the Country-Commodity Linked
System (USDA-OCE & WAOB, 2017) to simulate the impacts of U.S. sorghum exports and the reduction
of sorghum’s global price, global production, and global trade volumes. The simulation will be based on
three scenarios, each decrease China’s sorghum imports. The three scenarios are (1) if China’s sorghum
import volume decreased by 50% from USDA-ERS’s baseline projection; (2) if China’s sorghum import
volume decreased by 35% each year from the previous year; and (3) if China’s sorghum import volume
decreased by 70% from USDA-ERS’s baseline projection in year one and by 90% from the USDA-ERS’s
baseline projection in subsequent years.

China’s agricultural and trade policies in the corn sector are driving much of the growth for sorghum
demand and imports. Corn is the primary feed grain in China. China initiated a price support program and
a temporary reserve program for corn in 2008 to support Chinese farmers’ incomes and to move China
toward self-sufficiency (Gale, 2013). Under these programs, once the corn market price is less than the
support price, the Chinese authorities purchase corn from farmers at the support price, and accumulate
corn in national storage facilities (Wu and Zhang, 2016). Under this price support policy, China’s support
price for corn continuously increased over time, which increased China’s domestic corn production and
generated huge corn stockpiles (Hejazi and Marchant, 2017).

Since China imposes tariff rate quota (TRQs) on corn imports, China’s corn price remained high
domestically and imports of cheaper feed substitutes increased, noting there were no restrictions on
sorghum imports. In this regard, sorghum is considered as a low-cost feed substitute for corn, and China
was projected to maintain high sorghum import volumes (Hansen and Gale, 2014). As an example
showing the increase in China’s feed versus food use, China’s sorghum feed-to-use ratio increased
significantly from less than 10% in 2010 to more than 80% in 2014. In contrast, China’s corn feed-to-use
ratio remained steady during this period at approximately 70% (Wang and Malaga, 2016). However, the
magnitude of China’s sorghum market demand is still very small compared with China’s corn market,
and China’s corn demand is much larger than China’s sorghum demand.

From 2016 onward, the situation began to change in China based on three reasons: a huge amount of
corn stockpiles; cheaper but limited corn imports from the world market; and quality deterioration of corn
stocks. China ended its price support policy and temporary reserve program for corn in two geographic
areas, three northeastern provinces--Heilongjiang, Jilin, Liaoning--and Inner Mongolia, as a pilot program
to decrease China’s excessive corn stockpiles. On March 28, 2016, Liu Xiaonan, China’s Deputy Director
of the Economy and Trade Department of the National Development and Reform Commission (NDRC),
announced that the temporary reserve policy in the three northeastern provinces and Inner Mongolia
would be terminated. Instead, a new mechanism of “marketized purchases” and a direct payment subsidy
policy toward corn would be implemented in these areas (China Politics, 2016). The change of China’s
corn policy resulted in a lower Chinese domestic corn price, which brought higher corn demand. Thus,
the demand for sorghum, which is one of most important corn substitutes for feed use, decreased
significantly. This new policy decreased China’s corn production and corn price; imports of sorghum
decreased as well.
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Thus, prior the current trade war, U.S.-China sorghum trade was a temporary success story and it
provides an example of U.S. market expansion in foreign countries. This research analyzes the impact of
a decrease in sorghum imports in year 2016 forward; thus after the corn policy change. This study is
important because it presents an understanding of China’s sorghum trade policies and knowledge for U.S.
sorghum exporters to evaluate potential opportunities and risks in U.S.-China sorghum trade. This
research could also be used as a reference for sorghum exporting countries (the U.S., Australia,
Argentina) to prepare for changes in Chinese sorghum policies.

BACKGROUND

Sorghum is a significant feed crop used throughout the world, which is drought tolerant and provides
high-energy as a major animal feed (Tan et al., 2015). As important feed grains, sorghum and corn are
used interchangeably to feed animals due to their similar production costs and nutritional content;
therefore, farmers choose which to grow based on their local growing environment and market conditions.
Compared to corn, sorghum is grown in drier areas because of its drought resistance characteristic (Tan et
al., 2015). China traditionally imports sorghum from Australia to produce rice wine, which is called
baijiu. Chinese domestic sorghum mainly goes to food and the baijiu industry. Up until recent years,
because of corn’s tariff-rate quota (TRQ) and the controversy over genetically modified organisms
(GMOs) in China, sorghum became an animal feed substitute for corn (Liu & Zhou, 2016). Thus, China’s
imports of sorghum increased significantly; and accordingly, the global sorghum price increased as well.
From the global sorghum trade perspective, China, Mexico and Japan are major sorghum importers; and
from 2013/14 through 2017/18 marketing years (MY) China ranks first among all sorghum importers in
the world (USDA-FAS, 2014a&b, 2017).

FIGURE 1
SORGHUM IMPORTS FOR SELECTED COUNTRIES (CHINA, MEXICO, JAPAN)
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Source: USDA-Foreign Agriculture Service (FAS), Production, Supply and
Distribution (PS&D), 2017.

USDA-OCE-WAOB, USDA Agricultural Projections to 2026, Long-term
Projections Report OCE-2017-1, February 2017.

(Note: Data prior to 2016 are actual data and data after 2016 are USDA baseline
projections.)

Figure 1 shows sorghum imports for selected major sorghum importers. Data before MY 2016/17 is

actual data, and data after MY 2016/17 is USDA-ERS’s baseline projection. Figure 1 shows that Chinese
sorghum imports increased dramatically since MY 2012/13, and it increased up to a historical peak in MY
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2014/15. To expand on this growth, in 2012/13, Chinese sorghum imports reached 1.08 million metric
tons (MMT), increased 114% compared to the import volume in 2011/12. In 2013/14, sorghum imports
continued to increase, reached 5.78 MMT and increased by 435% compared to the previous year, and
growth continued in 2014/15 (USDA, 2015). As mentioned earlier, because of the change of China’s
sorghum imports in 2016, Chinese sorghum planting areas started to increase in 2016. China’s sorghum
planting area reached 120.76 million acres in 2016, an increase by 8.51% compared to 2015 (Ministry of
Agriculture of the People’s Republic of China, 2017).

Traditionally, sorghum ranks as the third largest cereal grain in the U.S., and it is grown throughout
the central region on drylands. In 2015, U.S. sorghum planting areas reached 8.5 million acres, and 597
million bushels were harvested (USDA-NASS, 2016). From a global perspective, the U.S. is the largest
sorghum feed producer and exporter in the global sorghum market. In MY 2012/13, the U.S. accounts for
70% of total global sorghum exports (Tran et al., 2015). In addition, U.S. sorghum has a lower price and a
lower tannin content, which is more suitable for feed use compared to other countries, such as Australia
and Argentina.

FIGURE 2
U.S. SORGHUM EXPORTS AND CHINESE IMPORTS, MY 2000/01-2016/17

12

10

Million Metric Tons
()]

00/01 02/03 04/05 06/07 08/09 10/11 12/13 14/15 16/17
Marketing Year

==China Imports =—US Exports

Source: USDA-Foreign Agriculture Service (FAS), Production, Supply and
Distribution (PS&D), 2017.

Since 2013, U.S. sorghum has been widely accepted by China’s feed industry. China’s corn policy
change was a great opportunity for U.S. sorghum exporters to open up China’s sorghum market. The U.S.
seized this opportunity to gain access to the Chinese sorghum market. China’s sorghum imports from the
U.S. have risen tremendously, making China the most important destination for U.S. sorghum exports
since 2013. As shown in Figure 2, from MY 2012/13 to MY 2014/15, China’s sorghum imports increased
from almost zero to approximately 10 MMT, while the U.S. sorghum exports increased by approximately
350% during the same time period, from 2 MMT to 9 MMT (USDA-FAS-PS&D, 2017).

MODELING

Methods and Procedure

This research builds upon prior studies by Hansen et al. (2011 & 2015) as well as Wang and Malaga
(2015) and uses the 2017 USDA baseline projections for analysis. The modeling system used in this
research contains both the USDA-ERS China model and the Country-Commodity Linked System (CCLS;

Journal of Management Policy and Practice Vol. 20(5) 2019 83



USDA-OCE & WAOB, 2017). This USDA-ERS China model and the CCLS refer to the mathematical
solution of a simultaneous set of differential equations (Pindyck and Rubinfeld, 1981). The USDA-ERS
China model is a large scale multi-country and multi-commodity partial equilibrium dynamic simulation
model, and this model was developed for conducting policies scenarios at national and regional levels.
The CCLS combines 42 country or regional models, and determines equilibrium prices and trade, to
simultaneously clear 24 agricultural commodity markets and enable scenario projections by year, for 10
years into the future. The system as a whole contains about 15,000 equations. The CCLS includes supply,
demand, prices, and policies; and the CCLS is used for analyzing the impacts toward U.S. and
international agricultural markets and trade driven by potential policy changes. Both the USDA-ERS
China model and the CCLS use data from the USDA-FAS-PS&D, China's National Bureau of Statistics,
and Chinese government agencies (see the appendix for more information on the model).
In an open economy, a China sorghum trade flows can be expressed as

EDZf = D25 — S&5 + ASTKZS (1)
ESpf = Spf — Dif + ASTKGF )
EDZS = ESiF 3)
where

EDZ5 = China’s excess sorghum demand

DES ¢ = China’s domestic sorghum demand

Sk 56— = China’s domestic sorghum supply

ASTK ¢ = China’s sorghum stock change

ESpf = World excess sorghum supply, excluding China

S5 s = World sorghum supply, excluding China

D¢ =World sorghum demand, excluding China

ASTK3¢ = World’s sorghum stock change excluding China.

Equation (1) is China’s excess sorghum demand, equation (2) is world excess sorghum supply
excluding China, equation (3) is the market clearing equation in this simplified China sorghum trade
model.

To examine the impacts of China’s policies on the market access of U.S. sorghum exports to China, a
more detailed excess demand equation is represented for sorghum below

DEG(PES, A a) — SEG (PSS, B, B) — SIMPES + ASTKZS 4)

where previous definitions hold and
PS5 = China’s domestic sorghum price
A = The vector of demand shifters (population, income, price of substitutes and complements,
etc.)
a = China’s sorghum policies (demographic factors, government policies and regulations)
B = The vector of supply shifters (input costs, price of substitutes, technological progress and
number of producers, etc.)
B = The policy instruments that affect production decisions (farm size, yield, cost of production,
etc.)
IMPES = The sum of China’s imports from other countries (excluding the U.S.)
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Demand

As discussed above, sorghum demand is a derived demand from the demand for food and feed, and
the primary demand is for feed. Total demand equals the sum of food demand and feed demand. Thus,
China’s domestic demand for sorghum can be expressed as

Dgg — pFood + pFeed (5)

where previous definitions hold and
DFo°d = China’s domestic food demand for sorghum
DFeed= The domestic feed demand for sorghum

Food demand is modeled by population and per capita consumption for both rural and urban areas,
which is a function of its own consumer price, substitute food prices, and income. Feed demand is a
function of derived feed demand, based on the quantity of pork and poultry produced in commercial and
specialized livestock sectors (Hansen et al., 2017).

From equation (5), each of the variables in the above equation of China’s domestic demand for
sorghum are defined below—Df°°? and DF¢®?. The food demand equation can be expressed as the sum
of urban food demand (Df . POPY) and rural food demand (Df ". POPT). Urban food demand equals
per capita food demand in China’s urban areas (Df "y multiplied by China’s population in urban areas
(POP"). Rural food demand equals per capita food demand in China’s rural areas (Df "y multiplied by
China’s population in rural areas (POP")

Dfo°*=p{" - POP" + D}*" - POP" (6)

where previous definitions hold and
Df " = Per capita food demand for sorghum in China’s urban areas at time t
POP" = China’s population in urban area at time t
Df " = Per capita food demand for sorghum in China’s rural areas at time t
POPT™ = China’s Population in rural areas at time t

From equation (6), per capita food demand for sorghum at time t in urban and rural areas are defined
as Df ““and Df " respectively. Equation (7) defines per capita food demand in urban areas.

pcu _ pcu G G G G
Dt - Dt—l X(] + %APSGU : g_SSGU + %APEggu' ég‘ggu + %APPoultryu' fioultryu + %APPorku' é‘gorku +
G G . G
P0AP (pecf & Veal) u” g(sBeaf and Veal) u + 2%APomer- ggtheru + %APer capita GDP urban - g}s’c) (7

where previous definitions hold and

%APsqy = Percentage change of sorghum price in urban areas

&8, = Own-price elasticity for sorghum food demand in urban areas

%APg,q, = Percentage change of egg price in urban areas

e‘gg gu = Cross-price elasticity between egg and sorghum food demand in urban areas

%AP pouinry = Percentage change of poultry price in urban areas
Pgumu = Cross-price elasticity between poultry and sorghum food demand in urban areas

%APpy, = Percentage change of pork price in urban areas

&5 1w = Cross-price elasticity between pork and sorghum food demand in urban areas
Porku P y p g

%AP (peer & veay » = Percentage change of beef & veal price in urban areas

& = Cross-price elasticity between beef & veal and sorghum food demand in
(Beaf and Veal) u p Y g

urban areas
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%AP oer, = Percentage change of other commodities’ price in urban areas

o eru = Cross-price elasticity between other commodities and sorghum food demand in urban
areas
%APer capita GDP urban = Percentage change of per capita GDP in urban areas

5% = Income elasticity of sorghum food demand in urban areas

Per capita urban food demand (Df ““) can be expressed as China’s per capita urban food demand for
sorghum in the previous year (Df_cg), plus Df_af multiplied by the percentage change of food consumption
for certain commodities in urban areas: sorghum, egg, poultry, pork, beef and veal, etc. The percentage

%AQ -
%AP) multiplied by the

percentage change of price (%AP) for each of the above commodities, which can be expressed as %AP -
& This method of multiplying the elasticity and the percent change of price is used extensively in this
simulation model to obtain percentage change of quantity. For sorghum, we use the own-price elasticity.
For other commodities, we use cross-price elasticities (e.g., %A0°/%AP™™).

A similar method is used to obtain per capita food demand in rural areas (Df "). However, in rural
areas, commodities are limited to sorghum and pork. Equation (8) is similar to equation (7) by changing
the percentage change of food demand to reflect this restriction in rural areas

change of food demand in urban areas (%4Q) equals the price elasticity (& =

Df T = Df_ci x (1 + %APsor - £ + %APpoir- Epcrr + % APt Eanerr + Y6APer capita GDP rural -
G
PC (®)

where previous definitions hold and
%APscr = Percentage change of sorghum price in rural areas
&8, = Own-price elasticity for sorghum food demand in rural areas
%APp,,, = Percentage change of pork price in rural areas
&5 1 = Cross-price elasticity between pork and sorghum food demand in rural areas
%AP oierr= Percentage change of other commodities’ price in rural areas
& orr= Cross-price elasticity between other commodities and sorghum food demand in rural
areas
%APer capita GDP rural = Percentage change of per capita GDP in rural areas
5¢ = Income elasticity of sorghum food demand in rural areas

Now we turn to feed demand as shown in equation (9). From equation (5), China’s domestic feed
demand of sorghum at time t is defined as Df¢®¢, which also can be expressed as China’s domestic feed
demand of sorghum in the previous year (D{¢¢%), plus the DF¢¢¢ multiplied by the sum of the percentage
change of sorghum feed demand of certain commodities: sorghum and corn. The percentage change of
sorghum feed demand for both sorghum and corn equals the respective price elasticities for sorghum and
corn multiplied by their corresponding percentage change of price

Diee® = DEEYAx (1 + %APsG - £¢ + %APcom - Eggr + %AGFR- &3iig) ©)

where previous definitions hold and
Dfeed= China’s domestic feed demand of sorghum at time t
DFe¢4= China’s domestic feed demand of sorghum at time t-1
%APgc = Percentage change of domestic sorghum price
&8 = Own-price elasticity for sorghum feed demand
%APc,,, = Percentage change of domestic corn price

g4 = Cross-price elasticity between corn and sorghum feed demand
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%AGFR = Percentage change of grain feeding requirement
g%, = Elasticity of sorghum feed demand with respect to a change in the grain feeding
requirement

Supply
China’s domestic supply for sorghum (S25) in equation (10) equals China’s domestic harvested area
(HAZ%) multiplied by China’s domestic sorghum yield (Yz5 ), which can be expressed as

Sci = HAG - Yeii (10)

Sg5 = China’s domestic supply of sorghum
HAZS = China’s domestic sorghum harvested area
Y3$ = China’s domestic sorghum yield

The variables in equation (10) are further specified in equations (11) and (12). Equation (11) specifies
China’s domestic sorghum harvested area at time t:

HAZC = HASS, x (1+%ASorghum Expected Return - gsgp + %ACorn Expected Return - ggag +
%ASoybeans Expected Return - 5§gyER ) (11)

where previous definitions hold and
%ASorghum expected return = Percentage change of sorghum expected returns
&gk = Elasticity of sorghum harvested areas with respect to a change in the sorghum expected
return
%ACorn expected return = Percentage change of corn expected returns
&5 = Elasticity of sorghum harvested areas with respect to a change in the corn expected return
%ASoybean expected return = Percentage change of soybean expected return
a‘ggyER = Elasticity of sorghum harvested areas with respect to a change in the soybean expected
return

Harvested area in year ‘t’ (HAZ%) can be expressed as China’s domestic sorghum harvested areas in
the previous year (HAFS,), plus the sum of HAFS, multiplied by the percentage change of sorghum
harvested areas from certain commodities: sorghum, corn and soybeans. This is because Chinese farmers
can choose growing commodities with higher expected returns. The percentage change of harvested areas
for these commodities equals their corresponding expected return elasticities of sorghum harvested areas
multiplied by the percentage change of their expected returns accordingly.

Equation (12) specifies China’s domestic sorghum yields, Y59, which can be expressed as China’s
domestic sorghum yields in the previous year (Y;2%), plus Y24 multiplied by the percentage change of a
three-year sorghum yield moving average.

Y56 = Y6 x (1+%AMAsy) (12)

where previous definitions hold and
%AMAsg = percentage change of three-year sorghum yields’ moving average
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Imports
Equation (13) specifies China’s sorghum imports from the global market at time t (IMP%):

IMPtSG = IMPfq_G1 X(J"'%A]P'glgPG + %ADreea 'éged) (13)

IMPS¢ = China’s sorghum imports from the global sorghum market at time t
IMPZC = China’s sorghum imports from the global sorghum market at time t-1
%AIP = Percentage change of China’s sorghum import price

&¢ = Price elasticity of China’s sorghum imports

%ADr,.q = Percentage change of China’s feed demand

56,4 = Elasticity of China’s sorghum imports with respect to a change in the China’s feed

demand

China’s global sorghum imports in year ‘t* (IMPS%) equals the sum of China’s sorghum imports from
the global market in the previous year (IMPZ%), IMPSS, multiplied by the percentage change of sorghum
imports stemming from the import price change (%64/P) multiplied by its elasticity (gp). Similarly, the
last term is IMPS% multiplied by the percentage change of sorghum imports stemming from the change
of China’s feed demand (%6A4Dp..;) multiplied by its elasticity (&reeq)-

Stock Change

Equation (14) specifies China’s domestic sorghum stock change (STK;“), which equals China’s
domestic sorghum stock in the previous year (STKZC ), plus the product of STKS% multiplied by the
percentage change of sorghum stocks. The percentage change of sorghum stocks equals the price
elasticity of sorghum stocks (&rp) multiplied by the percentage change of sorghum price (%6A4Pryp)

STKSS=STKSC, x (1+%APpype 35p) (14)

where
STK?C= China’s domestic sorghum stock change at time t
STKZ% = China’s domestic sorghum stock change at time t-1
%APryp = Percentage change of sorghum price
&% p = Price elasticity of sorghum stocks

EMPIRICAL RESULTS

Baseline Description

As a reminder, this research is conducted using USDA’s 2017 baseline projections. Although the
2018/19 trade war had yet to begin and was not foreseen by the authors, this research did anticipate
restrictions on U.S. sorghum exports to China. Table 1 describes the sorghum output baseline projection.
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TABLE 1
SORGHUM OUTPUT BASELINE FOR THE THREE SCENARIOS

SORGHUM OUTPUT BASE

Crop Area Yield  Production Imports Exports Total Ending Feed Food
year harvest cons stocks use use

16/17 650 4.923 3200 5500 10 9300 357 7200 2100
17/18 666 4.945 3294 3630 8 6920 353 4852 2068
18/19 675 4972 3354 3240 7 6554 387 4473 2080
19/20 681 4.982 3394 2829 6 6194 409 4089 2105
20/21 688 4988 3433 2509 5 5924 422 3795 2128
2122 695 4.986 3466 2172 5 5642 413 3493 2149
22/23 704 4991 3513 1850 5 5366 406 3203 2163
23/24 710 4.985 3541 1670 4 5197 415 2997 2200
24/25 718 4983 3577 1421 4 4982 427 2770 2212
25126 721 4.994 3600 1157 4 4788 392 2561 2227
26/27 725 4.997 3624 913 4 4569 356 2335 2234

Source: USDA-Foreign Agriculture Service (FAS), Production, Supply and Distribution (PS&D), 2017.
USDA-OCE-WAOB, USDA Agricultural Projections to 2026, Long-term Projections Report OCE-2017-1,
February 2017.

Note: Area harvest is in thousand hectares (HA); yield is in metric ton per hectare; all other variables are in thousand
metric tons. Cons equals consumption.

Prior to any policy scenarios, figure 3 describes the USDA-ERS’s baseline projection focusing on
China’s domestic sorghum market, including China’s sorghum demand (both food demand and feed
demand) and imports. Data before MY 2016/17 is actual data, and data after MY 2016/17 is USDA-
ERS’s baseline projection. Figure 3 shows the significant increase of China’s sorghum food demand, feed
demand, and imports from MY 2012/13 to MY 2014/15. It shows that since MY 2000/01, China’s
sorghum food demand has been steady. This also indicates that the increase of China’s sorghum imports
is from the increase of China’s feed demand. China’s sorghum feed demand was almost zero before MY
2012/13, but it reached 11 MMT in MY 2014/15 (USDA-FAS-PS&D, 2017). Figure 3 also shows the
actual data and projections of China’s sorghum imports. It shows that China rarely imported sorghum
from the global market before MY 2012/13; however, imports increased to 10 MMT in MY 2014/15
(USDA-FAS-PS&D, 2017). Figure 3 also indicates that both China’s sorghum demand and imports
started to decline in MY 2015/16.
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FIGURE 3
CHINA’S DOMESTIC SORGHUM DEMAND AND IMPORTS (MILLION METRIC TONS)
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USDA-OCE-WAOB, USDA Agricultural Projections to 2026, Long-term

Projections Report OCE-2017-1, February 2017.
(Note: Data prior to 2016 are actual data and data after 2016 are USDA baseline

projections.)

The decline of both China’s sorghum imports and China’s sorghum demand stems from China’s
decreased corn price in MY 2015/16. In early 2016, China ended its price support policy and temporary
reserve programs for corn in two areas, Northeastern provinces and Inner Mongolia, as a pilot program to
decrease China’s excessive corn stockpiles. This new corn policy reduced China’s corn price, and China’s
feed companies decreased substituting low-priced sorghum for high-priced corn. Thus, China’s sorghum
imports and demand decreased as a result of the implementation of this new corn policy. According to
USDA-ERS’s baseline projection, this declining trend will continue, and China’s sorghum imports will
decline from 5.5 MMT in MY 2016/17 to 0.9 MMT in MY 2026/27.

China Sorghum Import Reduction Scenarios
All the variables involved in the USDA-ERS China model and the CCLS above will be affected if we

shock China’s sorghum imports (Equation 13) for different scenarios. Recall that prior to the trade war
China had no restrictions on sorghum imports; also recall the three scenarios described above: (1) if
China’s sorghum import volume decreased by 50% from USDA-ERS’s baseline projection; (2) if China’s
sorghum import volume decreased by 35% each year from the previous year; and (3) if China’s sorghum
import volume decreased by 70% from USDA-ERS’s baseline projection in year one and by 90% from
the USDA-ERS’s baseline projection in subsequent years. The scenarios of this research were set up
based on China’s probable sorghum import shock stemming from changes in China’s corn policy. Finding
the impacts of these scenarios for the U.S. and the global marketplace helps to project the trend of
sorghum global trade in terms of price and volume.

The import decline shock occurs in MY 2017/18 and continues throughout the simulation period
through 2026/27. Listed below are results of the three scenarios from different perspectives. First, we
examine the impacts of the decline in China’s sorghum imports on China’s domestic sorghum market.
Next, we look at the impacts on the U.S. and global sorghum markets. Given that sorghum and corn are
feed substitutes, we then present impacts on China’s domestic corn market. And finally, given that
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sorghum is a derived demand, we examine the impacts on China’s pork and poultry markets. Results are
also presented by comparing the three scenarios.

Results by Perspective
China’s Domestic Sorghum Market Impacts

In response to the decline in sorghum imports, all three scenarios resulted in an increase in the price
of sorghum in China, a decrease in domestic consumption, and an increase in Chinese sorghum planting
area as expected. For scenario one, the domestic sorghum price increased by 27.41% for the first year
after the shock, which occurred on MY 2017/18, and increased by 22.02%, 14.21% and 14.55% for the
following three years, respectively. Accordingly, China’s domestic sorghum consumption decreased by
21.51%, 20.73%, 18.07% for the first three years after the shock, respectively. Sorghum planting areas
and yields increased slightly, by 2.36% and 1.36% respectively for the first year after the shock. For
scenario two, the domestic sorghum price increased by 14.9%, 25.23%, and 30.8% for the first three years
after the shock, respectively. Accordingly, China’s domestic sorghum consumption decreased by 11.69%
for the first year, 18.6% for the second year, and 21.98% for the third year after the shock. The planting
areas and yields increased by 1.28% and 1.25% respectively for the first year, and increased by 3.12%
and 2.12% for the second year. Thus, this shows an expanding sorghum planting area in China. For
scenario three, the domestic sorghum price increased by 38.37%, 51.44%, and 27.73% for the first three
years after the shock, respectively. Accordingly, domestic consumption decreased by 30.12% for the first
year, 37.06% for the second year and 32.38% for the third year after the shock. The planting areas and
yields increased by 3.3% and 2.73% respectively for the first year, and increased by 6.86% and 3.52% for
the second year, showing an expanding planting area for sorghum in China.

The U.S. and Global Sorghum Markets Impacts

For scenario one, as expected, the model simulation results show a decrease in the global sorghum
price in response to the decline in Chinese imports. The result of this scenario shows that the global
sorghum price decreased by 13.34%, 9.59%, and 5.8% for the first three years after the shock,
respectively. The U.S., Argentina and Australia sorghum exports decreased by 17.58%, 26.38% and
9.76%, respectively after the shock. Simultaneously, sorghum imports from Japan and Mexico increased
by 2.8% and 46.26%, respectively.
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TABLE 2
SCENARIO TWO WITH CHINA SORGHUM IMPORTS RESTRICTED

Scenario Two with China Sorghum Imports Restricted

Difference from the baseline projection in percent change

Commodity/Countries and 1,000 metric tons

Sorghum 2018/19 2019/20 2020/21 2023/24 2026/27
World price -7.40% -8.76% -8.30% -6.45% -3.29%
Importers (%)

China -27.18% -45.75% -60.25% -83.61% -91.75%
Mexico 25.66% 30% 29.48% 18.54% 8.24%
Japan 1.46% 1.68% 1.63% 1.26% 0.68%
Exporters (%)

United States -9.38% -15.60% -21.23% -23.65% -16.83%
Argentina -14.66% -21.58% -24.49% -21.69% -12.18%
Australia

Importers (1,000 mt)

China -881 -1294 -1512 -1396 -838
Mexico 231 287.6 298.1 248.4 134.6
Japan 10.09 11.75 11.4 8.67 4.67
Exporters (1,000 mt)

United States -429.1 -673.6 -862.9 -870.9 -555.6
Argentina -81.2 -113.5 -129 -106.5 -60.4
Australia -53.1 -101.4 -104.9 -81.4 -42.8

Source: USDA-Foreign Agriculture Service (FAS), Production, Supply and Distribution (PS&D), 2017.
USDA-OCE-WAOB, USDA Agricultural Projections to 2026, Long-term Projections Report OCE-2017-1,
February 2017.

For scenario two, as expected, the global sorghum price decreased, and sorghum exports increased
for major exporters (U.S., Argentina, Australia). As shown in Table 2, the results of scenario two show
that the global sorghum price decreased by 7.4%, 8.76%, and 8.3% for the first three respective years
following the shock compared to the baseline. Sorghum exports from the U.S., Argentina and Australia
decreased by 9.38%, 14.66% and 5.44% respectively for the first year after the shock. Simultaneously,
sorghum imports from Japan and Mexico increased by 1.46% and 25.66% respectively. For scenario
three, as expected, the model simulation results show a decrease in the global sorghum price and trade.
The results of scenario three show that the global sorghum price decreased by 18.3%, 17.38%, and 11.9%
respectively for the first three years after the shock. Sorghum exports from the U.S., Argentina and
Australia decreased by 25.04%, 36.16% and 13.36% respectively for the first year after the shock.
Simultaneously, Sorghum imports from Japan and Mexico increased by 4.07% and 63.49% respectively.

China’s Domestic Corn Market Impacts

For scenario one, as expected, the model simulation results show an increase in China’s domestic
corn price in response to the decline in sorghum imports, a feed substitute for corn. China’s domestic corn
price increased slightly by 0.46%, 0.58%, and 0.50% respectively for the first three years after the shock.
Then the increase rate of China’s corn price gradually dropped to almost zero as time progresses. China’s
corn planting area increased a small amount, which is 0.05%, 0.11%, and 0.17% for the first three years
following the shock, respectively. For scenario two, as expected, China’s corn price increased after the
shock. The result of scenario two shows that China’s domestic corn price increased by 0.25% for the first
year after the shock, and it increased by 0.53%, 0.75%, 0.89% for the following years respectively.
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China’s corn planting area increased slightly, which is 0.02%, 0.08% and 0.17% for the first three years
respectively. As expected, the model simulation results show an increase in China’s domestic corn
market. For scenario three, the results show that China’s domestic corn price increased by 0.64% for the
first year after the shock, and it increased by 1.12%, 0.96%, 0.78% for the following years respectively.
China’s corn planting area increased slightly, which is 0.07%, 0.20% and 0.30% for the first three years
respectively.

China’s Domestic Pork and Poultry Market Impacts

As expected, the model simulation results show a price increase in China’s domestic pork and poultry
markets. All three scenarios results showed that for both Chinese pork and poultry, price changed slightly
for the first year after the shock and then increased a small amount through 2027. The results indicate that
China’s feed companies substituted corn for sorghum for feed use as a result of the sorghum import
restriction in the scenarios and rising domestic sorghum prices described above.

Results by Scenario
The results of the scenarios all showed significant impacts toward China’s sorghum imports. Figure 4
shows the comparison among the USDA-ERS baseline projection and all three scenarios.

FIGURE 4
THE BASELINE PROJECTION AND THREE SCENARIOS FOR CHINA’S SORGHUM
IMPORTS (MILLION METRIC TONS)

2017/18 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24 2024/25 2025/26 2026/27
Marketing Year
——Baseline Projection = - Scenariol = =Scenario2  --***-Scenario 3

Source: USDA-Foreign Agriculture Service (FAS), Production, Supply and
Distribution (PS&D), 2017.

USDA-OCE-WAOB, USDA Agricultural Projections to 2026, Long-term
Projections Report OCE-2017-1, February 2017.

For scenario one, the 50% decrease in imports shock, imposed significant impacts on both China’s
sorghum food consumption (21.51% decline) and sorghum feed demand (28.97% decline), global
sorghum price (13.34% decline), and China’s sorghum stocks (45.63% decline) for the first year
following the shock in MY 2017/18. Afterwards, this decreasing rate for imports slowed compared to the
baseline projection starting from year two. As for the major sorghum exporters, the U.S., Argentina and
Australia, their sorghum exports decreased by 17.58%, 26.38% and 9.76% respectively after the shock.
And as for the major sorghum importers, Japan and Mexico, their sorghum imports increased by 2.8%
and 46.26% respectively.

For scenario two, the 35% decline in China’s sorghum imports imposed significant impacts on
China’s sorghum food demand (11.69% decline), sorghum feed demand (15.75% decline), global
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sorghum price (7.4% decline), and China’s sorghum stocks (24.8% decline) for the first year after the
shock. Afterwards, the rate of decline for sorghum imports slowed for the subsequent years. Sorghum
exports the U.S., Argentina and Australia decreased by 9.38%, 14.66% and 5.44% respectively for the
first year after the shock. Mexico’s sorghum imports increased by 25.66%. Japan’s sorghum imports did
not increase by a significant amount in the first year in scenario two.

For scenarios three, a 70% decrease of sorghum imports from the USDA-ERS’s baseline projection
in year one and 90% in all subsequent years, impacts affected China’s sorghum food demand (30.12%
decline), sorghum feed demand (40.56% decline), global sorghum price (18.3% decline), and China’s
sorghum stocks (63.88% decline) significantly in the first year. After the first two years of the shock, the
rate of decline for sorghum imports decreased to a very low level for the following years and sorghum
was rarely imported by China. Sorghum exports for the U.S., Argentina and Australia decreased by
25.04%, 36.16% and 13.36% respectively for the first year after the shock. Mexico’s sorghum imports
increased by 63.49% for the first year. Again, Japan’s sorghum imports did not increase by a significant
amount in scenario three.

DISCUSSION

From China’s domestic sorghum market perspective, as predicted, the results show that both China’s
sorghum food and feed demand decreased significantly in all three scenarios as sorghum imports declined
and China substitutes corn for sorghum. Also, China’s domestic sorghum price increased dramatically in
all three scenarios because China cut its sorghum imports. Simultaneously, China’s sorghum planting
areas and production increased as well in response to the higher sorghum price. Given that sorghum and
corn are substitutes, as the price of sorghum increased, the demand for corn also increased, thereby
increasing the price of corn in the short term. The results also show that the price of poultry and pork
increased slightly in China’s domestic market with an increased sorghum price for the reason that
sorghum demand is a derived demand for pork and poultry.

From the U.S. and the global sorghum market perspective, as predicted, the decrease of China’s
sorghum imports resulted in less sorghum demand and lower sorghum price in the global market.
Sorghum exports for U.S. and other major sorghum exporters (Australia, Argentina) decreased
significantly. However, sorghum imports increased significantly for Mexico.

In the long run, for both scenario two and scenario three, China’s sorghum imports returned to the
previous level (zero) prior to the policy shock as the corn price in China ultimately fell. The rate of
China’s sorghum imports declined faster in scenario three than that of scenario two. However, scenario
two shows a gradual change of sorghum imports.

In terms of the simulation results, U.S.-China sorghum trade is a temporary success story, and it is
risky for those U.S. sorghum exporters who rely on China’s sorghum market. The results show the
necessity to seek new sorghum export opportunities worldwide for U.S. sorghum exporters. Meanwhile,
U.S. sorghum exporters may change their cropping patterns to continue making profits by switching out
of sorghum.

SUMMARY AND CONCLUSION

The beginning and current sorghum story stems from changes in China’s corn policy in 2008 because
corn and sorghum are feed substitutes. In 2013, China’s initial higher domestic corn price resulted in
higher sorghum demand with a relatively lower price as a feed substitute. Prior to this, China
implemented a corn temporary reserve program and a price support policy in 2008 nationwide to
guarantee national food security and increase rural incomes. The Chinese government purchased corn
from farmers at a minimum support price and accumulated corn in national storage facilities as stocks.
The Chinese corn support price increased each year, which further encouraged corn production. This
policy increased corn stockpiles and distorted the market with a high corn price (Wu and Zhang, 2016).
Due to the higher domestic corn price, domestic corn consumption decreased significantly, and China
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started to import feed substitutes for corn; thus, sorghum imports started to increase. This is the temporary
U.S. sorghum export success story.

The U.S. is the largest feed sorghum producer and exporter in the global sorghum market. In MY
2012/13, the U.S. accounted for 70% of total global sorghum exports (Tran et al., 2015). In addition, U.S.
sorghum has a lower price and a lower tannin content, which is more suitable for feed use compared to
other countries’ sorghum, such as Australia and Argentina. Due to the increased demand of China’s
sorghum imports, the U.S. became a major sorghum exporter to China in marketing year (MY) 2012/13.
From the global sorghum importer perspective, In MY 2014/15, China’s sorghum imports accounted for
84% of the world total sorghum imports, which indicates China’s sorghum imports occupy an important
place in global sorghum trade.

Changes in China’s corn policy in 2016 once again affected the global sorghum market. China
terminated its corn temporary reserve program and price support policy in 2016. Instead, China
implemented a direct payment subsidy policy for corn, which is tied to corn planting acres (Wu and
Zhang, 2016). This change of China’s corn policy resulted in a lower Chinese domestic corn price, which
increased corn demand. Thus, the demand for sorghum, which is one of most important corn substitutes
for feed use, decreased significantly afterwards.

Figure 4 shows the comparison among the baseline projection and the three scenarios for China’s
sorghum imports. For the baseline projection, we found a steady decline of China’s sorghum imports, and
the imports is projected to decline to less than 1 MMT in MY 2026/27. For scenario one, after a
significant shock, which is a 50% decrease in China’s sorghum imports, the rate of decline remained
steady but at a lower level for the following years up until MY 2026/27. China’s sorghum imports are
projected to decrease to less than 0.5 MMT. For scenario two, which is sorghum imports decreased by
35% each year from the previous year, the decrease rate kept decreasing as time goes by and China’s
sorghum imports finally reached almost zero in this scenario. For scenario three, China’s sorghum
imports declined tremendously for the first two years after the policy shock, and the import level
remained at a low level afterwards. Imports finally go to zero as time progresses.

All three scenarios showed the risks of significant decline for both global sorghum prices and trade
volumes stemming from the change of China’s corn policy. The scenarios also showed a significant
decline of U.S. sorghum exports. This result is a reminder for U.S. sorghum exporters that it is important
to diversify cropping patterns to hedge potential risks, and it is necessary to seek new sorghum export
opportunities worldwide.

However, there are some positive indications in the results as well. For example, Mexico ranks as the
second largest sorghum importer in the world in 2016, and its sorghum imports increased by 46.26%,
25.66% and 63.49% respectively for the first year after the policy shock in all three scenarios. This
indicates a new market opportunity for U.S. sorghum exporters. U.S.-Mexico sorghum trade could
become a new success story if U.S. sorghum exporters could seize this opportunity.
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APPENDIX A
DESCRIPTION OF USDA-ERS CHINA MODEL — SORGHUM

Demand
Demand = Food demand + Feed demand
e Food demand = Per capita food urban x Population urban + Per capita food rural x
Population rural
o Per capita food urban, = Per capita food urban,; x (1 + %APsry - €sru T %0APgggu:
8Eggu + %APPoultryu' 8Poultryu + %APPorku’ EPorku + %AP(Beef & Veal)u' €(Beaf and Veal)u + %APer
capita GDP urban - &pc)
o Per capita food rural, = Per capita food rural.; x (1 + %APsrr - €srr + %0APpoi
€porkr T Y0APer capita GDP rural - epc)
e Feed demand; = Feed demand,.; x (1 + %APggr - €sr + Y0APcom - €com + YAGFR: £gpr)

Supply
Supply = Area harvested x Yield
e Area harvested, = Area harvested,; x (1+%ASorghum expected return - gggr + %ACorn
expected return - gcgr + %0ASoybean expected return - €sgr)
e Yield, = Yield.; x (1+%AMAgR)

Imports
Imports = Imports,.; x (1+%Almport price - gp + YoADemandgeed * Ereced)

Stock Change
Stock Change, = Stock change, | x (1+%APgmp - €rmp)

Variables

Demand

Demand: China’s domestic demand for sorghum

Food Demand: China’s domestic food demand for sorghum

Feed Demand: China’s domestic feed demand for sorghum

Per capita food urban: Per capita food demand in urban area

Population urban: Population in urban area

Per capita food rural: Per capita food demand in rural area

Population rural: Population in rural area

%APsry: Percentage change of sorghum price in urban areas

esru: Own-price elasticity for sorghum food demand in urban areas

%APrg,,: Percentage change of egg price in urban areas

€grgeu: Cross-price elasticity between egg and sorghum food demand in urban areas
%APpouiryu: Percentage change of poultry price in urban areas

Epoultryu: Cross-price elasticity between poultry and sorghum food demand in urban areas
%APpqiy: Percentage change of pork price in urban areas

€porku: Cross-price elasticity between pork and sorghum food demand in urban areas
%AP eer & veau: Percentage change of beef & veal price in urban areas

€(Beafand vealy: Cross-price elasticity between beef & veal and sorghum food demand in urban areas
%APer capita GDP urban: Percentage change of per capita GDP in urban areas

epc : Income elasticity of sorghum food demand in urban areas

Per capita food rural: Per capita food demand in urban area

%APgrr: Percentage change of sorghum price in rural areas

Journal of Management Policy and Practice Vol. 20(5) 2019



esrr: Own-price elasticity for sorghum food demand in rural areas

%APpox.: Percentage change of pork price in rural areas

Eporkr: Cross-price elasticity between pork and sorghum food demand in rural areas
%APer capita GDP rural: Percentage change of per capita GDP in rural areas

epc : Income elasticity of sorghum food demand in rural areas

Feed Demand: China’s domestic feed demand of sorghum

%APgr: Percentage change of domestic sorghum price

esr: Own-price elasticity for sorghum feed demand

%APcom: Percentage change of domestic corn price

€com: Cross-price elasticity between corn and sorghum feed demand

%AGFR: Percentage change of grain feeding requirement

egrr: Elasticity of sorghum feed demand with respect to a change in the grain feeding requirement

Supply

Supply: China’s domestic supply of sorghum

Area harvested: China’s domestic sorghum harvested areas

Yield: China’s domestic sorghum yield

%ASorghum expected return: Percentage change of sorghum expected returns

eser © Elasticity of sorghum harvested areas with respect to a change in the sorghum expected return
%ACorn expected return: Percentage change of corn expected returns

ecer | Elasticity of sorghum harvested areas with respect to a change in the corn expected return
%ASoybean expected return: Percentage change of soybean expected return

eser : Elasticity of sorghum harvested areas with respect to a change in the soybean expected return
%AMAGgR: percentage change of three-year sorghum yields’ moving average

Imports

Imports: China’s sorghum imports from the global sorghum market

%Almport price: Percentage change of China’s sorghum import price

erp: Price elasticity of China’s sorghum imports

%ADemandr..q: Percentage change of China’s feed demand

€reed: Elasticity of China’s sorghum imports with respect to a change in the China’s feed demand

Stock Change

Stock Change: China’s domestic sorghum stock change
%APr\p: Percentage change of sorghum price

epmp: Price elasticity of sorghum stock
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APPENDIX B
BASELINE PROJECTED SORGHUM EXPORTS FOR SELECT COUNTRIES
(UNITED STATES, ARGENTINA, AUSTRALIA)
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Source: USDA-Foreign Agriculture Service (FAS), Production, Supply and Distribution (PS&D), 2017.
USDA-OCE-WAOB, USDA Agricultural Projections to 2026, OCE-2017-1, February 2017.
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