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Abstract. This paper examines the strategic dynamics of soybean trade between the United
States and China through a static Nash Equilibrium (NE) framework. Using data from 2008
to 2023 on trade volumes and world soybean prices, we estimate a multivariate regression
linking global prices to the import and export behavior of major countries. The estimated
elasticities show that China’s imports significantly raise world prices, while U.S. exports
exert a strong downward pressure. Based on these relationships, we construct a payoff
matrix and identify the equilibrium strategies of both nations. The model predicts that,
absent strategic motives, China would import a low volume while the U.S. would export
heavily—contradicting observed behavior. To reconcile this gap, we introduce a “strategic
benefit” term for China, reflecting food security, forest protection, and long-term supply
stability. Incorporating this factor shifts the NE to one consistent with reality: China
maintains high imports while the U.S. limits exports. The results highlight that global
agricultural trade cannot be explained by price mechanisms alone; strategic and policy
considerations play a decisive role. Our findings underscore the importance of integrating
security-oriented objectives into economic models of international commodity trade.
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1. Introduction

Soybeans and soybean products are very important in both daily life and the economy. They are
found in many foods, like soy oil, soy milk, and tofu, and they are also a key part of animal feed for
pigs and chickens. In fact, much of the meat we eat depends on soybeans first being used as animal
feed. Beyond food, soybeans are also important in finance. Their prices change every day in
international markets, and they are traded as futures and options. This makes soybeans both a global
food source and a financial product.

What motivate us to study soybeans in the U.S.-China context are the following two reasons.
First, the U.S. has long been one of the world’s largest economies and a major exporter of farm
goods, resulting from its advanced agricultural technology. China, on the other hand, has relied
heavily on trade to grow its economy over the past thirty years. Because of its large population and
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policies that limit farmland to protect forests, China depends heavily on importing farm products to
feed its people. And soybeans are among the most important of these.

Figure 1 shows that in many years, trade has made up about 30 percent of China’s GDP, while
both GDP and trade volume have grown steadily. And Figure 2 shows that soybean is the most
important agricultural commodity for both China and the U.S. in terms of trade volume.

Figure 1. China’s GDP and the trade share from 2000 to 2023

Second, since 2018, the U.S. and China have been engaged in an overwhelmingly influential
trade war — the largest in recent decades. The U.S. raised tariffs on many Chinese goods from an
average base level of 10% to around 30%, and China responded with tariffs on the U.S. exports to
China, including soybeans [1]. Trade matters exceedingly for both economies, so these policies have
serious consequences. Naturally, this raises the following questions: What are the economic and
strategic reasons behind these choices? How might policies change in the future if economic
conditions shift? And what kinds of policies could create win–win outcomes?

Figure 2. Composition of agricultural trade (2022)

2. Analytical structure

In the global soybean market, the U.S. and China play the roles of major exporter and major buyer.
To analyze their choices, we use a tool from economics called the static Nash equilibrium (NE). In
this framework, each country chooses the trade volume it thinks is best, while considering how the
other country might act.
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To make this concrete, we divide trade volumes into three levels: small, medium, and large. For
each possible combination of choices, we estimate the world soybean price using past data. We build
a regression model that links world prices to trade volumes of the U.S., China, and other exporters,
while also controlling for shocks like the 2008 financial crisis and COVID-19. From this, we can
predict the world price for each policy choice and then calculate the economic gain or loss for both
countries.

Using this payoff matrix, we find the Nash equilibrium and compare it with what actually
happened in recent years. The theory predicts that the U.S. should export a low amount, while China
also imports a little. But in reality, China imports a very large amount, while the U.S. follows the
model’s prediction. This shows that economic costs and benefits are not the whole story.

To explain the difference, we add a “strategic benefit” for China, modeled as the natural log of its
soybean imports. This reflects gains beyond short-term profits, such as ensuring food security and
protecting natural forests. With this added benefit, the new Nash equilibrium matches real-world
behavior: the U.S. exports a low volume, and China imports a sizable amount.

3. Literature

Soybeans are not only a basic agricultural product but also a strategic commodity that shapes
international trade dynamics. Because of their role in food security and financial markets, scholars
have long studied how soybean imports, exports, and prices evolve across countries. These works
provide a useful backdrop for understanding today’s U.S.–China rivalry in soybeans, where trade
policies and strategic choices matter just as much as supply and demand.

For example, prior research used data from 1995 to 2000 to examine China’s soybean import
policies [2]. They found that China’s WTO accession and tariff reductions spurred a surge in
imports, which in turn influenced global soybean prices. Similarly, other research used U.S.–China
trade data from 2006 to 2016, showed how dependent U.S. soybean exports were on Chinese
demand, with prices clearly shaped by trade policies [3].

Brazil has also become central in global soybean trade. For instance, research in 2015 analyzed
the period 2000–2012 and concluded that infrastructure investment and better farming technology
drove Brazil’s rise as the largest exporter [4]. Another research in 2017 focused on South Korea
from 1998 to 2014 and studied price elasticity and food security [5]. They found that Korea was
very sensitive to import price changes, but domestic reserve policies softened external shocks. In
addition, a comprehensive analysis in 2004 compared the competitiveness of the U.S., Brazil, and
Argentina between 1990 and 2002, highlighting exchange rates and production costs as key drivers
of market share [6]. A more recent study in 2020 investigated China’s data from 2008 to 2018,
showed that China deliberately reduced reliance on U.S. soybeans and diversified toward Brazil and
Argentina, improving its bargaining power [7].

Overall, these studies suggest that soybean trade cannot be explained by market forces alone.
Policy, infrastructure, and strategic choices all shape trade flows and prices—an insight that
connects directly to our question of why China keeps importing soybeans even when the economic
logic seems weak.

Game theory offers another way to analyze these issues by focusing on the strategic interactions
between countries. In bulk commodity markets, exporters and importers constantly adjust their
behavior based on what they expect the other side to do. This approach helps explain not just the
economics of soybean trade, but also the political strategies behind it.

For instance, studies on the coffee market from 1970 to 2000 found that export quotas
implemented by major producers such as Brazil and Colombia significantly influenced world prices,
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although long-term cooperation among exporters proved fragile [8]. Similarly, analyses of China’s
rare earth export restrictions from 2005 to 2014, using a non-cooperative game framework, revealed
that such policies enhanced China’s pricing power in global markets [9]. In addition, research on
rice exports from Thailand and Vietnam between 1980 and 2005 concluded that intense competition
between the two countries exerted sustained downward pressure on international prices [10].

Turning back to soybeans, several studies have examined U.S.–China interactions during the
2010–2018 trade war. Evidence suggests that while tariffs imposed by both sides harmed their
economies, China mitigated part of the damage by diversifying its import sources [11]. From a
theoretical perspective, researchers have developed a dynamic game model using data from 2008 to
2019, showing that China is willing to pay a price premium to secure long-term food supply stability
[12]. Furthermore, analyses of Brazil and Argentina between 2015 and 2020 explored the feasibility
of coordinated soybean export policies, though domestic political and economic conflicts ultimately
hindered such cooperation [13].

These works confirm that game theory is well suited to capturing the tension between economic
payoffs and strategic motives in commodity trade. For soybeans, the key takeaway is that China’s
large-scale imports are not simply about minimizing cost—they are also about maximizing long-
term security and bargaining power. This perspective sets the stage for our own Nash equilibrium
framework, which highlights how strategic benefits can outweigh narrow economic calculations.

4. Data

Agricultural trade exhibits pronounced cyclicality and vulnerability, driven by both global supply-
demand fundamentals and influenced by international logistics, geopolitical risks, and macro-
financial conditions. As a vital category for both human consumption and animal feed, the prices
and trade flows of this commodity directly impact food security and inflation formation. In this
section, we first briefly review the production-related price aspects of soybeans in both countries
and then give an overview of the international soybean market.

We rely on a combination of trade and price data. Annual import and export values are drawn
from Observatory of Economic Complexity (OEC), while global price series comes from
MacroTrends. These data were manually collected year by year and then merged for consistency. All
import values are converted to U.S. dollars, and log transformations are applied in Figure 4 and the
regression analysis to make the scale comparable and coefficients interpretable in terms of elasticity.

Before turning to trade flows, it is useful to compare production costs in the two countries, since
these costs directly shape competitiveness in international markets. Figures 3 provides pie charts of
soybean production costs in the U.S. and China. For the U.S., costs are spread across seeds,
fertilizer, fuel, labor, and equipment, with mechanization keeping labor relatively low. In China,
however, labor and land rent take up a larger share, reflecting differences in farming practices and
land use. These comparisons give us a basic reference point for understanding why U.S. soybeans
tend to be cheaper in world markets, while China relies more on imports.

Looking at the overall time series, we see that major exporting countries entered a steady growth
phase in soybean exports around 2010, with two clear peaks in 2011–2013 and 2021–2022. These
peaks coincide with global shocks and cyclical rises in world soybean prices. Importantly, not all
economies responded the same way: some countries sharply reduced imports during price surges,
while others-maintained demand due to national strategies or inelastic needs. For our study, this
highlights how world price movements can trigger very different behaviors across countries—and
why China’s persistent high imports stand out as a strategic choice, not just a price-driven one.
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Figure 3. Soybean production cost (2023)

The data also reveal resilience patterns during global crises. In the 2008–2009 financial crisis,
most economies saw synchronized slowdowns, though recovery paths varied. In contrast, during the
COVID-19 pandemic (2020–2022), import fluctuations were more pronounced, linked to logistics
bottlenecks and shipping costs. Some countries showed quick “V-shaped” rebounds, while others
plateaued with stable but lower trade. For China, the ability to sustain imports even during
disruption underlines its policy-driven commitment to food security—an element our later game-
theoretic framework needs to account for.

Figure 4. Soybean exports (in tons): 2008–2023

In terms of exporter market share, Brazil and the U.S. dominated global supply, while emerging
players such as China, Australia, and Russia steadily increased their role in imports. These shifts
reflect not only production capacity but also deliberate trade agreements and adjustments in
sourcing. From China’s perspective, diversifying imports away from the U.S. toward Brazil and
Argentina increased its bargaining power. This shift is directly relevant to our model, where import
strategies are shaped not only by cost but also by strategic positioning in the world market.

Finally, the global price–trade relationship shows that higher prices often correlate with higher
imports, but in a non-linear way. Some countries increased imports despite rising costs—likely due
to stockpiling or policy-driven reserves—while others reduced demand. This heterogeneity suggests
that price alone cannot explain trade behavior. For China, maintaining high imports even at elevated
prices reflects strategic motives: ensuring food security, stabilizing livestock production, and
protecting against supply shocks. This connects directly to our Nash equilibrium model, where
adding a “strategic benefit” term helps reconcile theory with observed reality.
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Figure 5. Global soybean prices ($/ton) (2008-2023)

5. Model

5.1. Model setup

We build a simple model to study the soybean trade between the United States and China. The first
step is to construct a static NE matrix as in Table 1. This matrix lists all the possible strategies of the
two countries. The U.S. can choose to export at a high, medium, or low level, while China can
choose to import at a high, medium, or low level. In each case, both countries get a payoff denoted
by     . By comparing these payoffs, we can find the NE strategy and then check if it matches the
real-world pattern of soybean trade.

To calculate payoffs, we first define China’s payoff as the cost of importing plus an extra
“strategic bonus” from protecting farmland and securing food supply. Denote the payoff of two
countries by    , where

In the expressions,     is a function of China’s import,    , and the export by the U.S.,  
 . In addition,     is a parameter whose range is to be determined by comparing the theoretical

NE with what happens in practice. Moreover, since the static NE we use is a discrete version of the
real trade flow, we set     and      to be the 25%, 50%, and 75% percentile of the two
countries’ trade volume in the past 15 years.

One may wonder why China’s strategic bonus is defined as     . Here are two major
concerns that draw our attention when we develop this model. First, if assume the gain to be just  

  , i.e., without the natural logarithm, China’s total payoff can be simplified to  
  (    –   .

Table 1. Static NE with actual strategy pair highlighted in yellow

US: High export US: Medium export US: Low export

China: High import (   ,   ) (   ,    ) (   ,    )

China: Medium import (   ,    ) (   ,    ) (   ,    )

China: Low import (   ,   ) (   ,   ) (   ,   )

As long as     >    , the more China imports, the higher the payoff is. This would encourage
China to always import as many as it could, because the payoff would rise unboundedly. But in fact,

Z
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we see that China’s importing volume fluctuates year by year, which contradicts with what    
would predict. Hence, mathematically we need to make the strategic payoff to have diminishing
return. Economically, this is also reasonable because the forests to protect and the domestic
consumption gap in China have natural upper bounds, therefore China would be incentivized to only
import a reasonable amount rather than infinity.

Second, with diminishing return, we could have used a quadratic term instead of a natural
logarithm. The latter is preferred because the quadratic coefficient must be negative to induce
concavity, which would make China’s total payoff to be even more negative. However, we hope to
obtain a positive return as an implicit assumption in the payoff is to be positive for economic
reasons: otherwise, a country could have imported nothing and achieve a zero payoff that is better
than suffering the importing cost plus strategic gain.

The next step is to estimate the relationship between world price and how the two countries (as
well as other major market participants) behave. We decide to use a multivariate linear regression of
the following form:

where      is the world price in year t, and the five regressors are the natural logarithms of
China’s import, the export by the U.S., Brazil, and Ukraine, and Japan’s import respectively. The last
three countries are picked as controls as they are constantly the top traders in the world soybean
markets. And since the sample we use only has 16 years from 2008 to 2023, hence we cannot
include as many regressors as we wish for the purpose of     . In the actual regression we
estimate, a control for COVID-19 is also included.

Before demonstrating the regression results, we want to emphasize two critical points that
motivate us to employ multivariate linear regression in this setting.

First, prices are mostly driven by demand and supply. Hence to predict price fluctuations, as long
as the predictor set contains import and export in trade scenario, that would be able to capture most
of the price variations in the time domain. And given the sample limit of only around 16 data points,
a linear regression is appropriate for this prediction task.

Second, the coefficients from the linear regression can help us check if the model makes
economic sense. Since we use natural logarithms for both the outcome variable and the explanatory
variables, the beta coefficients can be interpreted as elasticities. For β₁, we expect it to be positive,
because when China imports more, the demand curve shifts to the right and the world price should
increase. For β₂, we expect it to be negative, because when the U.S. exports more, the supply
increases and the world price should decline. With this economic logic, we can see whether the
estimated regression matches our expectations. It is important to note that we are not making a
causal claim here. Instead, we are only looking at correlations between supply or demand and the
price response, and this correlation is enough for our purpose of a sanity check.

5.2. Model results

Table shows how different countries’ soybean trade and the COVID dummy affect the world
soybean price. Here we mainly focus on China and the U.S.

For China’s imports, the coefficient is 0.8449, which means if China imports 1% more soybeans,
the world price goes up by about 0.84%. This is positive, and it matches economic logic: higher
demand pushes the price up. For U.S. exports, the coefficient is -1.3791, which means if the U.S.

ϕ *ICN

lnYt =  β0 +  β1 × lnICN ,t  +  β2 × lnXUSEX,t  +  β3 × lnXBrazilEX,t +  β4 × lnXUkraineEX,t +
 β5 × lnIJapanIM,t  +  ϵt,

Yt

p < n
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exports 1% more soybeans, the world price falls by about 1.38%. This is negative, and also matches
economic logic: higher supply pushes the price down.

Table 2. Multivariate regression

Variable Coef. Std. Err. t P>|t| [0.025 0.975]

const 10.0296 2.097 4.783 0.001 5.286 14.773
ln_China_import_Q 0.8449 0.762 1.109 0.296 -0.878 2.568

ln_US_export_Q -1.3791 0.649 -2.126 0.062 -2.847 0.089
ln_Brazil_export_Q -0.1385 0.388 -0.357 0.730 -1.017 0.740

ln_Ukraine_export_Q -0.0981 0.131 -0.747 0.474 -0.395 0.199
ln_Japan_import_Q -0.4847 0.494 -0.981 0.352 -1.602 0.633

COVID 0.1899 0.137 1.389 0.198 -0.120 0.499
R-squared: 0.767, Adj. R-squared: 0.612, F-statistic: 4.947, Prob(F-statistic): 0.016, No. of Observations: 16

The COVID coefficient is positive (0.1899), which makes sense because food shortages during
the pandemic could raise world food prices, including soybeans. The R² is 0.767, meaning about
77% of the changes in world soybean price can be explained by just a few predictors. This is quite
high given the small number of variables, so the model is useful for prediction. Since our goal is
prediction, we do not need to focus on the adjusted R².

Overall, the key coefficients for China and the U.S. are in the expected directions, which shows
that the model is consistent with economic reasoning. And because the R² is strong, the regression is
good enough to be used for our payoff calculation in the NE analysis.

Based on the estimated regression results, we take the discretized strategies of
China and the U.S. and plug them into the regression to get the world soybean price under each

case. Then, we use this predicted price in the payoff equations
of both countries. For China, we do not include the strategic gain at this stage. In this way, we can

fill in the whole Nash Equilibrium matrix.

Table 3. Static NE without China’s strategic gain

US: High export US: Medium export US: Low export

China: High import (-22073.08,19972.55) (-29083.77, 21545.79) (-38321.14, 23242.95)
China: Medium import (-12691.02, 15500.84) (-16721.84, 16721.84) (-22032.91, 18039.02)

China: Low import (-7296.76, 12030.32) (-9614.30, 12977.94) (-12667.92, 14000.22)

In Table 3, the yellow cells mark the U.S. best choices, and the green cells mark China’s best
choices. The Nash Equilibrium without China’s strategic gain is found at China choosing low
imports and the U.S. choosing high exports. However, this does not fit the reality we observe,
because in the past few years China has been importing at a high level. This mismatch tells us that
we cannot ignore China’s strategic gain. It plays a key role in explaining why China still chooses
high imports in practice.

Our next step is to find a range where China's strategic response results in a new NE: China
imports heavily while the U.S. exports little. Since the U.S. always prefers exporting less—raising
soybean prices—we only need to ensure that China chooses high imports when low U.S. exports are
certain. Mathematically, this means:
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Now plug in the payoff expressions to yield the following inequalities:

Substituting in the estimated world price and the discretized value of the trade volume by two
countries, eventually we get:    .

Assume   , the matrix becomes the following and now our theoretical prediction now
matches the reality.

Table 4. Static NE with China’s strategic gain

US: High export US: Medium export US: Low export

China: High import (412286.92,19972.55) (405276.23, 21545.79) (396038.86, 23242.95)
China: Medium import (405380.48, 15500.84) (401349.66, 16721.84) (396038.59, 18039.02)

China: Low import (394486.24, 12030.32) (392168.70, 12977.94) (389115.08, 14000.22)

6. Conclusion and discussion

This paper uses a static Nash Equilibrium (NE) model to study the price–quantity game between
China and the U.S. in soybean trade. The model shows that if we only look at costs and prices,
China’s best choice should be to import a low number of soybeans. But in reality, China has kept
importing a high amount over the past few years. This gap means that the simple price–cost logic is
not enough to explain a country’s behavior in bulk agricultural products. Based on past studies and
data, we can see that China’s soybean import decision is strongly driven by strategic reasons, such
as protecting food security, stabilizing domestic prices, and ensuring the supply chain for animal
feed.

This finding has two important lessons. First, when we analyze trade in major commodities, we
cannot only think about static efficiency or market balance. We also need to consider strategic
factors. Soybeans are not only a consumer good but also a strategic material. Their import and
export volumes directly affect food security and overall economic stability. Second, from a global
view, the soybean game between China and the U.S. not only changes trade patterns between the
two countries but also affects other big exporters, such as Brazil and Argentina. This in turn reshapes
how global soybean prices are set. This means that if future policies are designed only around short-
term price changes, they may miss the long-term issues of security and strategic competition.

Z
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CN =  max (ZHigh

CN ,  ZMid
CN ,  ZLow
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