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Abstract

This paper uses agricultural intermediate goods in an imperfect competition market to
construct an endogenous growth model and explore the effectiveness of fallow subsidy policies
by the government to maximize output growth rate and social welfare. Our results show that
the fallow subsidy policy may contribute to soil fertility as the fallow ratio increases from the
agricultural intermediate firms. Furthermore, we also find that a more prominent firm’s
monopoly power may assist the fallow ratio and soil fertility. The fallow subsidy rate
positively impacts economic growth and social welfare. When aiming for the maximum
economic growth rate and welfare, the monopoly power of intermediate goods firms plays a
crucial role. Finally, the optimal monopoly power index for maximizing welfare is greater than

the optimal monopoly power index for maximizing the growth rate.
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Extended Abstract

l. Introduction

Farmland fertility is a critical factor for crop growth. Cultivation reduces fertility, depletes
land productivity (commonly called soil fertility), and diminishes marginal returns from
farmland. Soil fertility is a renewable resource, and fallow land allows land to recuperate.
Farmers can restore soil fertility through green manure crops and regenerative mechanisms of
the natural environment. However, owing to climate change, many regions are affected by
extreme weather events, such as floods and droughts. The authorities often use fallow policies
to allocate water resources when drought persists and water becomes scarce.

Fallow policies involve multiple issues such as agricultural production adjustments, water
resource allocation, and environmental protection; therefore, this has drawn the attention of
economists. Researchers such as Dai Mengyi et al. (2009) and Tai et al. (2016) incorporated
Grepperud's (1997) soil fertility dynamic equation into the framework of endogenous growth
models to construct an agricultural production endogenous growth model. This model was used
to explore the growth effects of agricultural policies. They found that increasing the fallow
ratio while reducing agricultural output in the short term improved soil fertility and benefited
agricultural production. The overall effect on economic growth is still being determined
because of the interaction between these two effects and depends on which effect is relatively
more robust.

Most previous studies have evaluated the appropriateness of fallow decisions through
cost-benefit analysis. The aforementioned two studies introduced a novel perspective by
examining the growth effects of fallow policies through the lens of endogenous growth theory.
In their models, the fallow ratio of farmland was treated as an exogenous variable, making it

suitable for explaining government-mandated fallow practices, such as Taiwan's fallow policies
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in response to drought conditions. However, in some cases farmers make fallow decisions
based on production conditions or government incentives. In such scenarios, treating fallow as
an endogenous variable in the model would be more realistic, as seen in the long-term fallow
conservation programs in Europe and the United States. Sun and Hu (2012) addressed this gap
by designing a model in which fallow is one of the decisions made by economic agents. They
constructed a two-sector endogenous growth model (with agricultural and industrial sectors) to
analyze the impact of government subsidies for fallow farmland on environmental protection
and economic growth. Their findings suggest that incentivizing fallow farmland alters labor
allocation. If policies can direct labor towards the industrial sector to boost production, capital
accumulation will increase and economic growth will be promoted. Conversely, economic
growth may deteriorate if fallow subsidies attract more labor to the agricultural sector.

Traditional economics view agriculture as a perfectly competitive industry. For example,
Mankiw's (2007) classic economics textbook uses the U.S. milk market as an example of a
perfectly competitive market (p.280). Following this traditional assumption, models treat
agricultural markets as perfectly competitive. However, empirical research indicates that U.S.
dairy firms have monopolistic power. Using a Nash bargaining model, Prasertsri and Kilmer
(2008) derived and estimated the relative bargaining power between Florida dairy cooperatives
and milk processors from 1998 to 2004 and found that cooperatives held more bargaining
power than processors. Cakir and Balagtas (2012) constructed a structural model of the
beverage milk supply chain to assess monopolistic power in the U.S. milk market and
discovered that the markup ratio of cooperatives was approximately 9%. The markup ratio,
which measures the percentage difference between price and marginal cost, is commonly used
to gauge market power, with higher markups indicating greater monopolistic power. Their
findings suggest that the U.S. milk market is not perfectly competitive. Similarly, Koppenberg
(2023) collected over 200,000 observations from about 40,000 dairy farms in the EU and found
that the markup ratio for organic milk is 257.9 percentage points higher than for conventional
milk. In Europe, organic dairy farmers have significantly greater market power.

Sexton (2012) also argued that U.S. agriculture operates in an imperfectly competitive

market. This study identified several indicators for assessing market concentration in
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agricultural products: product differentiation, quality variation, vertical coordination, and
control in agriculture. The empirical results show that the U.S. agricultural market is not
perfectly competitive. Valle and Ferndndez-Vézquez (2024a) used markups as a proxy variable
to measure monopoly power. They collected data from the EORA global supply chain database
and the FAO Statistical Database, covering primary food industries (including agriculture,
hunting, fishing, and logging) in 170 countries categorized by region. Markups were estimated
using the Generalized Maximum Entropy (GME) method. The findings reveal that markup
volatility in primary food industries in high-income regions such as Europe and North America
is relatively stable. Simultaneously, it is more volatile in Africa and Asia. Notably, throughout
the sample period from 1995 to 2015, Africa's markup rate increased steadily, indicating a
growing trend in agricultural monopoly power in these unstable regions. In a follow-up study,
Valle and Fernandez-Vézquez (2024b) used the EORA global supply chain database and the
GME method to estimate markups in primary food industries (agriculture, hunting, logging,
and fishing) across 43 Asian countries. The authors used national income levels as a tool to
address heterogeneity. The results show that the five countries with the highest markup growth
rates between 2000 and 2015 were Laos (93.21%), Afghanistan (74.72%), China (69.72%),
Cambodia (68.37%), and Nepal (62.42%).

Research on market concentration or monopoly power in Taiwan's agricultural sector is
relatively scarce, making it difficult to assess the current structure of Taiwan's agricultural
market through the existing literature. However, the potential impacts of government policies
can be inferred. The Taiwanese government implemented various certification and grading
systems to ensure food safety and improve the quality of agricultural products. These include
the CAS certification for premium agricultural products, Taiwan organic product label, Safe
Fruits and Vegetables label from the Gi-Yuan-Pu program, agricultural product traceability
system, and CNS rice grading system. Moreover, the government has made significant efforts
to improve crop variety, leading to various agricultural products on the market and giving
consumers various choices in terms of quality and variety. Based on these conditions, and
drawing from the standards proposed by Sexton (2012) for product differentiation and quality
variation, it can be inferred that Taiwan's agricultural market could be imperfectly competitive.
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Therefore, the primary objective of this paper is to incorporate the characteristics of an
imperfectly competitive market into the model and reanalyze the growth and welfare effects of
fallow policies while focusing on the role of firms' monopoly power.

This study built its foundation on the endogenous growth models of agricultural
production from Tai et al. (2016) and Dai Mengyi et al. (2009). First, it integrated Grepperud's
(1997) emphasis on soil conservation infrastructure such as terraces, ditches, bunds, stone
walls, windbreaks, and drainage systems, which actively protect the soil over the long term and
function as an investment in land. These investments form a capital stock that enhances output
and protects soil fertility, embodying both productive and soil-preserving characteristics.
Second, it adopted the imperfect competition macroeconomic framework proposed by
Benhabib and Farmer (1994) and Guo and Lansing (1999) to construct a macroeconomic
model of an agricultural system. Under this system, the intermediate goods market for
agricultural products exhibits imperfect competition. The model is an endogenous
macroeconomic growth framework designed to explore how government authorities can use
fallow subsidy policies to achieve the dual goals of maximizing economic growth and social

welfare.

|1 Methodology

This study was based on the endogenous growth model of agricultural production by Tai
et al. (2016), combined with Grepperud's (1997) emphasis on soil conservation measures that
possess both production and soil fertility protection properties. Additionally, it incorporated the
imperfect competition macroeconomic frameworks proposed by Benhabib and Farmer (1994)
and Guo and Lansing (1999) to construct a macroeconomic model for an agricultural economy.
This study explored how government authorities can maximize output growth and social
welfare through fallow subsidy policies and examines the role of monopolistic power among
intermediate goods firms.
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The model assumed that the agricultural economic system comprises three sectors:
households, firms, and government. Households derive utility from consuming final
agricultural products. The production of final goods occurs in two stages. In the first stage,
producers create the intermediate goods required for final production, and in the second stage,
they combine the inputs of intermediate goods to produce final goods. Therefore, the
production of final agricultural goods requires only intermediate goods. Farmers produce
intermediate agricultural goods and their production inputs include labor, capital, land, and
entrepreneurs. To implement a fallow policy, the government levies income tax on households
to generate funds for subsidies for farmers.

This study used comparative static analysis to address the following questions: First, what
are the effects of the monopoly power exerted by intermediate goods firms on long-run
equilibrium land productivity, economic growth rates, and overall social welfare? Second, what
is the impact of the fallow subsidy rate on soil fertility, the economic growth rate, and social
welfare? This study collected the values of the model parameters and substituted them into the
model for the numerical simulation analysis to explore the following questions: What is the
optimal monopoly power level for intermediate goods firms under a fallow policy that
maximizes economic growth? What is the optimal monopoly power level for intermediate

goods firms under a fallow policy that maximizes welfare?

I11. Results

This study obtained the following results. First, increasing the monopoly power of
intermediate agricultural goods firms can enhance soil fertility, but its impact on the economic
growth rate is uncertain. Second, raising the fallow subsidy rate helps conserve soil fertility and
promote economic growth. Third, increasing the fallow subsidy rate improved social welfare.

Fourth, the effect on social welfare of increasing the monopoly power of intermediate

agricultural goods firms remains unclear. Fifth, the optimal monopoly power of intermediate
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goods firms to maximize welfare is higher than that to maximize economic growth. Sixth,
firms with lower land productivity or greater monopoly power were drawn to the same fallow
subsidy rates. Seventh, the optimal monopoly power for maximizing the growth rate is a
decreasing function of the fallow subsidy rate and an increasing function of the land
productivity elasticity. Eighth, the optimal monopoly power to maximize welfare is an inverse
function of the fallow subsidy rate.

1V. Conclusion

The fallow policy attracts two types of farmers: those with lower land productivity, and
those with market monopoly power. The former participate because the opportunity cost of
forgoing crop returns is relatively low. At the same time, the latter benefit from the fact that
they face less elastic market demand, allowing them to charge higher prices after reducing
production and thereby earn greater profits.

The optimal value of monopoly power for maximizing growth is a decreasing function of
the fallow subsidy rate and an increasing function of the land productivity elasticity.
Accordingly, when increasing the fallow subsidy, intermediate goods firms must decrease their
monopoly power to achieve an optimal economic growth rate. Conversely, when the land
productivity elasticity increases, intermediate goods firms must be guided to increase their
monopoly power to achieve the optimal economic growth rate while implementing a fallow
subsidy policy.

When implementing the fallow subsidy policy, it is essential to understand the coefficient
of soil fertility recovery and the coefficient of soil fertility depletion and appropriately adjust
monopolistic power to maximize welfare. Since the optimal monopolistic power differs under
the goals of maximizing growth rate and welfare, government authorities must determine the
policy objectives when implementing the fallow subsidy policy to select the corresponding

optimal monopolistic power.
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