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Numerous studies have demonstrated that fishery subsidies play a role in income
redistribution, potentially contributing to economic inequality. Additionally, since
fishermen are highly dependent on the marine environment, there may be a
connection between marine pollution and their income levels. This study
explores the effects of fishery subsidies and marine environmental pollution on
fishermen’s income and income inequality using panel data from 11 coastal
provinces and municipalities in China from 2006 to 2020. Applying panel fixed
effect model and quantile regression models, the results show that fishery
subsidies significantly increase income, but disproportionately benefit higher-
income fishermen, thereby exacerbating income inequality. Moreover, the
relationship between marine pollution and income is non-linear: moderate
pollution is associated with income gains, while severe pollution reduces
income. These findings suggest that subsidy policies should be better targeted,
and stricter marine environmental regulation is necessary to protect vulnerable
fishing communities
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1 Introduction

The global sustainable development agenda often highlights three critical issues:
eliminating harmful fishery subsidies, eradicating poverty, and conserving marine
resources (Teh et al., 2024). In 2022, an agreement was reached to prohibit harmful fishery
subsidies, marking a major step toward achieving SDG Target 14.6 (WTO et al,, 2022). This
agreement provides a global framework to regulate subsidies and promote the sustainable use
of fishery resources. However, most fishery subsidies remain environmentally detrimental—
two-thirds of the USD 35.4 billion in subsidies in 2018 supported capacity-enhancing
activities and encouraged excessive fishing efforts that contributed to overfishing and
ecosystem degradation (Sumaila et al., 2019). These subsidies distort market dynamics by
allowing fleets to operate at lower costs, thereby increasing fishing effort beyond sustainable

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmars.2025.1453132/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1453132/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1453132/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1453132/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2025.1453132&domain=pdf&date_stamp=2025-07-09
mailto:yujuan0206@outlook.com
https://doi.org/10.3389/fmars.2025.1453132
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2025.1453132
https://www.frontiersin.org/journals/marine-science

Li et al.

limits (Sumaila et al.,, 2016, 2021). As a result, fishery stocks within
biologically sustainable levels fell to 62.3% by 2021 (FAO, 2024). By
contributing to overfishing and excessive fleet capacity (Arthur et al.,
2019; Carvalho et al, 2011), subsidies accelerate the depletion of
marine resources and the erosion of biodiversity over time (Clark
etal,, 2005; Merayo et al., 2019). Harmful subsidies have thus become
a central concern for policymakers seeking to address both
environmental and economic sustainability (Florido and Rosa, 2023).

Beyond ecological damage, harmful subsidies also produce
negative economic and social effects. They reduce overall fishery
profitability Heymans (Heymans et al,, 2011) and disproportionately
benefit large-scale fisheries, which receive 3.5 times more support than
small-scale counterparts (Schuhbauer et al., 2017, 2020), exacerbating
income inequality (Harper and Sumaila, 2019). Eliminating such
subsidies could generate up to USD 83 billion in additional global
fishery benefits annually (World Bank, 2017), curbing overexploitation
could increase global fishery benefits by USD53-83 billion annually.
Eliminating harmful subsidies to ensure the sustainability of fisheries
must address not only environmental sustainability, which most
studies focus on, but also the socio-economic impacts (Teh et al,
2020). However, few studies have explored how subsidies affect
different socio-economic groups of fishermen, their implications for
distribution and equity (Merayo et al, 2019), and the influence of
marine pollution on fishermen’s incomes.

Using panel data from 11 coastal provinces and municipalities
in China from 2007 to 2019, this study empirically evaluates the

10.3389/fmars.2025.1453132

short-term effects of fishery subsidies on fishermen’s income in
China, with a focus on heterogeneity across income levels and vessel
sizes. It further investigates the potential nonlinear relationship
between marine environmental quality and fisheries income. This
study provides a more precise foundation for policymaking in
marine environmental governance while offering new insights
into the broader implications of fishery subsidies. The research
areas (Figure 1), located around the Bohai Sea, Yellow Sea, East Sea,
and South China Sea, are adjacent to or share marine resources with
major fishery countries like South Korea, Japan, Vietnam, and
Malaysia. As such, the findings of this study on Chinese
fishermen’s income, marine pollution, and fishery subsidies hold
significant relevance for neighbouring countries.

2 Literature review and hypothesis

Gordon’s classic bioeconomic model (Gordon, 1954) serves as
the foundation for this study and is extended to examine how
revenues and intra-marginal rent vary when the government
allocates fishery subsidies to heterogeneous vessels. The model
assumes that vessel fleets are homogeneous and operate in a
perfectly competitive market with identical cost structures, where
the labour cost per unit of effort remains constant, and both
marginal and average costs remain unchanged. It is also assumed
that the market price is unaffected by the total amount of landed fish
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FIGURE 1

The location of 11 coastal provinces or municipalities and fishery economy value. Source: Adapted from China Fishery Statistical Yearbook.
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(Gordon, 1954; Sumaila et al., 2008). According to Flaaten (2011),
industry marginal cost increases with fishing effort. In an open
access fishery, the bioeconomic equilibrium occurs when average
revenue (AR) equals marginal cost (MC), at which point no vessel
enters or exits the fishery (Flaaten, 2011). Since fishermen are
profit-driven, any positive profit attracts new entrants, reducing
average revenue until it equals marginal cost (Flaaten, 2011). When
average revenue exceeds marginal cost (AR > MC), new vessels
enter the fishery; conversely, if average revenue falls below marginal
cost (AR< MC), vessels exit the fishery.

China’s fishery subsidy policy has developed in two distinct
phases (Wang et al.,, 2023). The first phase, from 2006 to 2014,
began when China removed domestic fuel price controls to align
with increasing global prices. Acknowledging that fluctuations in
fuel prices could significantly raise fishing production costs, the
government introduced a fuel subsidy program to alleviate these
effects. This program offered financial support to fishermen and
fishing enterprises operating motorized vessels for at least three
months per subsidy year, particularly in offshore fishing
and aquaculture.

In 2010, the Ministry of Agriculture (MOA, 2010) established a
national standard for fuel subsidies:

Annual Subsidy =Annual fuel subsidy amount (tons) x Fuel
Price Standard (Yuan/MT)

=Vessel Powerx Fuel Subsidy Coefficient x Fuel Price Standard

Where Fuel Subsidy Coefficient (FSC) (MT/KW) = operating
days x operating hours per day x0.000205 (tons/kW/h). The
amount of fuel subsidy was determined by a vessel’s engine
power, fuel price, annual operating days, and daily operating
hours. Under this system, fishery subsidies partially offset fuel
consumption costs, with the subsidy amount directly linked to
fuel usage. Consequently, during this phase, fishery subsidies
functioned as cost-reducing measures by lowering the overall cost
of fishing effort.

In the second phase, from 2015 to 2020, the Ministry of
Agriculture of the People's Republic of China (2015) implemented
a nationwide reform of its fuel subsidy program in response to
increasing demands for marine ecosystem protection. This reform
aimed to address several challenges that impeded efforts to reduce
fishing capacity and conserve resources. The revised subsidy program
decoupled payments from fuel costs and introduced the Fuel Subsidy
Comprehensive Adjustment Coefficient (FSCAC) to account for the
ecological impact of different fishing gear types. The FSCAC
incorporated factors such as the fuel subsidy coefficient and
ecological restoration considerations. Additionally, subsidies were
based on the Average Vessel Power (AVP), which did not
correspond to a vessel’'s registered engine power. Instead, vessels
were classified according to their gear type, engine power, and length,
with those in the same category assigned the same AVP.

Annual subsidy = AVPx FSCACx Fuel Subsidy
Reference Standard

Where FSCAC is set by taking into account factors such as fuel
subsidy coefficient and ecological restoration; Fuel Subsidy
Reference Standard is the fuel price standard in 2014. The fuel
subsidies were not based on each vessel’s fuel consumption but were

Frontiers in Marine Science

10.3389/fmars.2025.1453132

instead allocated as a fixed amount according to vessel classification.
Therefore, at this stage, they can be categorized as lump-sum
revenue-enhancing subsidies.

According to Gordon’s extended bioeconomic model,
bioeconomic equilibrium is achieved at the fishing effort level, E*,
before the introduction of subsidies, at which point the marginal
rent is R«. However, the total cost curve shifted from TC to TC, as
the cost of each fishing effort fell, after the implementation of cost-
reducing subsidies. In the short term, at the original effort level E¥,
reduced fishing costs increase fishermen’s economic surplus from
R* to (R* + S), which, in turn, attracts additional participants to the
fishery. Over the long term, the increased fishing effort escalates
until a new bioeconomic equilibrium is reached at E,, while the
marginal cost curve shifts from MC to MC,. During this transition
from E* to E;, average revenue (AR) remains higher than the new
marginal cost (MC;), and the resulting extra profit induces further
entry into the fishery under open-access conditions. At equilibrium
E;, higher fishing effort corresponds with reduced resource stocks.

Similarly, if the subsidies are revenue-enhancing, the total
revenue curve shifts upward while total costs remain unchanged,
leading to an increase in average revenue. This, too, will attract
additional fishing fleets, thereby inflating the overall fishing effort.
In this scenario, the average revenue exceeds marginal cost,
generating extra profit. Consequently, in the short term,
fishermen’s income rises as a result of the subsidies, forming the
basis for Hypothesis 1.

2.1 H1: Fishery subsidies promote
fishermen’s income increase in the short
term

Fishing vessels are typically heterogeneous, varying in gear
types, technological capabilities, and fishermen’s skills, among
other factors. As a result, some vessels generate profits (resource
rent), while others do not (Coglan and Pascoe, 1999). Moreover,
due to the existence of sunk costs, assets such as vessels, fishing
equipment, and fishermen’s specialized expertise are not easily
transferable to other industries or sectors. Consequently,
reallocating these production factors to alternative businesses can
be both costly and time-consuming (Merayo et al.,, 2019).

In the short term, the fishermen’s income increases due to
subsidies, which leads to a rise in fishing efforts from E- to E,, at
which point bioeconomic equilibrium (where MC = AR) is
achieved. This attracts more entrants to the fishery, resulting in
reduced resource stocks and overcapacity (Sumaila et al., 2019),
while some may shift to mariculture, thereby contributing to marine
pollution (Yuan et al,, 2023). The increased fishing efforts, coupled
with resource depletion and mariculture-induced pollution, will
cause a decline in catch and a rise in costs. In this context, intra-
marginal rent is generated by the most cost-efficient vessels, which
earn above-average profits (Nguyen, 2016), while less efficient
vessels may only cover their costs or operate at a loss. However,
due to sunk costs, these vessels will remain in the fishery in the short
term, even if they are operating at a loss.
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The primary objective of each vessel is profit-maximization,
which occurs when marginal cost equals marginal revenue (MC =
MR). In a competitive market, all vessels face the same industry-
wide marginal revenue, as individual vessels lack the ability to
influence market prices (Coglan and Pascoe, 1999). Some vessels
generate economic profits by optimizing their fishing efforts and
remain in the fishery, while others earn only normal profits,
allowing them to stay in the short term but leading to eventual
exit. Meanwhile, vessels that incur losses must leave the fishery in
the short run. Subsidies—whether cost-reducing or revenue-
enhancing—are partially allocated based on vessel engine power
and length, meaning larger vessels typically receive higher subsidies.
However, differences in cost structures and revenue composition
among vessels lead to an uneven distribution of income and revenue
(Nguyen, 2016). For instance, small-scale fishing vessels, with their
limited range, generally catch fewer fish and receive lower subsidies
than larger commercial vessels. Hence, trawlers—despite receiving
comparable subsidies to other gear types—are more efficient but
also more harmful to marine ecosystems. As a result, subsidies may
exacerbate wealth disparities while contributing to marine resource
depletion. Based on this analysis, Hypothesis 2 is proposed.

2.2 H2: The short-term income growth
effects of fishery subsidies vary based on
fishermen'’s income levels and the scale of
their fishing vessels

In addition to the impact of fishery subsidies, fishermen’s output is
also influenced by marine environmental pollution. This study
examines both marine capture and mariculture fisheries, with
fishermen’s income encompassing earnings from both sectors. After
the implementation of fishery subsidies, a significant influx of
fishermen entered the industry, many of whom shifted to
aquaculture. Additionally, some fishermen transition from marine
capture to mariculture after exiting traditional fishing (Zheng et al,
2021). Consequently, China’s mariculture production has expanded
rapidly, increasing from 28.1 million tons in 2005 to 52.9 million tons
in 2022. However, this rapid growth has also led to severe
environmental consequences. Mariculture generates substantial
wastewater, including metabolic by-products, residual feed, and
excrement, which are often discharged directly into coastal waters,
contributing to offshore water quality degradation (Zheng et al., 2022).

It is assumed that fishermen’s income will initially rise as ocean
conditions deteriorate but will eventually decline as marine pollution
worsens. The initial increase is driven by fishing subsidies and the
rapid expansion of mariculture. However, as more fishermen enter
fishery, resource depletion and escalating pollution reduce fish stocks
and degrade water quality. Ultimately, this environmental
deterioration leads to a decline in fishermen’s income.

On one hand, in marine capture fishery, subsidies increase
fishermen’s income, attracting more entrants to compete for
limited resources. These subsidies allow inefficient fishing vessels to
enter or remain in the sector (Shen and Chen, 2022), contributing to
CO, emissions from fuel combustion, ocean pollution from discarded
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plastic gear, and biodiversity loss by disturbing seabed sediments and
harming vulnerable marine species (Woods and Verones, 2019). On
the other hand, in the mariculture sector, subsidies and rising
production levels drive income growth. However, the discharge of
chemical pollutants, organic waste, and excess nutrients—such as
phosphorus and nitrogen—contaminates seawater, leading to
eutrophication and the degradation of essential ecosystem services
(Streicher et al., 2021). As fishing and aquaculture efforts intensify,
marine pollution escalates. Given fishermen’s reliance on the ocean,
once pollution surpasses a critical threshold, fishery resources decline
sharply, making it increasingly difficult for coastal fishermen to
sustain their livelihoods (Gao et al., 2021).

Fishermen’s incomes initially increased due to subsidies and the
expansion of mariculture. However, this growth was accompanied
by environmental degradation, driven by resource depletion and
increased mariculture activities. As marine pollution worsens,
declining resource stocks and biodiversity lead to reduced fishery
and mariculture output, higher marginal costs, and potentially
lower revenues. Figure 2 illustrates the relationship between
marine environmental conditions and fishing output, where D
represents the level of marine pollution and P denotes fishing
output. Accordingly, Hypothesis 3 is proposed as follows.

2.3 H3: The relation between the marine
environment and fishermen’'s income
(output) shows an inverted U-shaped curve

While Gordon’s model offers a foundational framework for
analysing fishery economics, its assumptions—such as fleet
homogeneity, perfect competition, and open access—do not fully
align with the realities of Chinese fisheries. The model is based on
the assumption of homogeneous vessel fleets operating in a
perfectly competitive market, with identical cost structures and
constant labour costs per unit of effort. In practice, however, fishing
units in China differ substantially in scale, engine power, gear types,
fishing strategies, and crew capabilities. Labor costs and fishing
efficiency vary widely depending on fishermen’s skill levels, target

.

v

FIGURE 2

The relationship between marine pollution and fisheries production;
Source: self-elaboration. where D represents the level of marine
environmental pollution; P represents the fishing output.
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species, and geographic fishing locations. Moreover, the fisheries
sector in China is neither fully open-access nor perfectly
competitive; it is shaped by localized regulations and fragmented
governance structures that result in uneven enforcement and
variable access conditions. These deviations may influence both
the distributional effects and ecological outcomes of fishery
subsidies. These factors introduce significant deviations from the
model’s assumptions. As such, while the bioeconomic model
provides a useful theoretical baseline, its predictions must be
interpreted with caution and supplemented by empirical analysis.

3 Models and variables
3.1 Models and estimation methods

To analyse the impact of fishery subsidies on fishermen’s
income, the following empirical model (Equation 1) is established:

Inc = 0 + 04y Suby + D00 X + u; + Vi + Uy (1)

where Inc; represents the average household income of
fishermen in province i and year t; Sub;, denotes the average
fishery subsidies; MPI;; represents marine environmental
pollution index; u; denotes the province fixed effect; v, denotes
the year fixed effect; [;; is a random error term; X;, represents a
vector of control variables.

Since that the relationship between marine pollution and
fishermen’s income may not be linear, the model (Equation 2)
includes the squared term of the marine pollution index:

Incic = By + B MPI; + B,MPL; * + B Xy +ui+ vi+ 1y (2)

Furthermore, to examine the heterogeneous impacts of fishery
subsidies and the marine pollution index on income inequality across
different income groups, the following models (Equations 3, 4) are
constructed:

Q:(Ing;|Suby) = 9y + 9;Sub; + 387 + &, (3)

Q.(Inc;| MPL) = 0 + 6,MPI, + 6,MPL,* + 38.Z; +&,  (4)

where Q(Inc;|Sub;) and Q(IncMPI;) represent the average
family income of fishermen in the T quantile; Sub; and MPI;, are
independent variables, The coefficients 9; and 6 correspond to the
parameter estimates for the core independent variables, namely
fishery subsidies and the marine pollution index; Z; represents a
series of control variables that influence income, while €; denotes
the random disturbance term. The value of T ranges from 0 to 1,
with 7=0.5 indicating the median quantile. The regression result at
7=0.5 represents the expected value of the dependent variable at the
median quantile. As shown in Equation 5, the estimator 3;; can be
formulated as the following minimization problem:

Bi: = argminzi:Inc,-z[i"Sub,qT“nCi — B Sub;|

+ Ei:lnc,q}"Sub‘(l - qT)‘I”Ci - ﬁitsubi” (5)
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This study examines both the overall impact of fishery subsidies
on fishermen’s income and the varying effects of these subsidies and
marine pollution across different income levels. To achieve this,
quantile regressions are used to assess the marginal effects of
subsidies on fishermen’s income within various income groups.

3.2 Data source and variable selection

3.2.1 Data sources

The research data covers China’s eleven coastal provinces and
municipalities from 2007 to 2019, encompassing the full duration of
fuel subsidy implementation. This program, which is introduced in
2006, was replaced by the marine resource maintenance subsidy in
2020. The study covers the following coastal regions: Liaoning,
Hebei, Tianjin, Shandong, Shanghai, Jiangsu, Zhejiang, Fujian,
Guangdong, Guangxi, and Hainan. Data was collected from the
China Fishery Statistical Yearbook, the China Statistical Yearbook,
the Statistical Yearbook of Various Provinces, the China Population
and Employment Statistical Yearbook, the Bulletin of Marine
Ecological Environment of China and Each Province, and the
China Environmental Statistics Yearbook. Missing data were filled
using linear interpolation techniques.

3.2.2 Explained variable
3.2.2.1 Fishers’ income

The data on fishermen’s income are sourced from the China
Fishery Statistical Yearbook. Given that fishery subsidies influence
fishermen’s production activities (Sumaila et al., 2019, 2010), this
study uses the average family net income (Inc) from coastal areas
for estimation. The average family net income of fishermen is
defined as total household earnings minus all expenses, including
operating costs, fixed asset depreciation, and taxes.

3.2.3 Explanatory variable
3.2.3.1 Fishery subsidy

The fishery subsidy is represented by the average subsidy per
fisherman, as reported in the China Fishery Statistical Yearbook (Chai
et al,, 2021). In 2013, fuel subsidies comprised the majority of China’s
fishery subsidies, accounting for 94% of the total (Shen and Chen, 2022).

3.2.3.2 Marine environment

Marine pollution has a significant impact on fishermen’s
income (Gao et al, 2021). As a key explanatory variable in this
study, accurately measuring marine environmental conditions is
essential. Previous studies have employed various indicators, such
as industrial wastewater discharge in coastal areas (Yuan et al,
2021) or the proportion of type-4 and inferior type-4 seawater (Gao
et al., 2021). However, the former focuses solely on industrial
effluents, while the latter is too broad to capture specific
variations in ocean pollution. To address these limitations, this
study adopts the marine pollution index (MPI) as a comprehensive
measure of marine environmental quality. The MPI is calculated
based on the concentrations of key pollutants in coastal waters
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TABLE 1 Descriptive statistics results.

Variable name

Variable Type

10.3389/fmars.2025.1453132

Explained Fishers’ income (Inc) 12.41 6.16 3.57 48.14

Explanatory Fishery Subsidy (Sub) 23.53 22.52 0.001 121.63
Marine environment (MPI) 0.67 0.19 0.26 1.17

Control Average Capital input (Pow) 7.251 7.86 1.71 37.44
Variable fishing cost (CPUEf) 0.83 0.32 0.09 1.82
Variable farming cost (CPUEc) 19.57 121.83 0.001 1421.5
Economy development (GDP) 3.50 1.642 1.15 7.76
Human capital level (Edu) 7.85 0.374 6.77 8.80

using the following formula:
MPI = w, N, + w,APi + w;PE, + w,COD; .

where MPI represents the marine pollution index, while IN
(Inorganic Nitrogen), AP (Active Phosphate), PE (Petroleum), and
COD (Chemical Oxygen Demand) denote the concentrations of four
major pollutants in offshore waters. The assigned weights are w; = 0.6,
w, = 0.3, ws = 0.07, and wy = 0.03, following (Xuan et al,, 2020). The
ocean serves as the foundation for fishery production and is highly
susceptible to environmental contamination, especially changes in
seawater quality (Gao et al, 2021). Fishery activities themselves can
contribute to marine pollution. For example, mariculture can cause
eutrophication and chemical pollution (Streicher et al, 2021), while
fishing operations can further degrade the marine environment through
fuel consumption and the disposal of plastic gear (Woods and Verones,
2019). Conversely, increased seawater pollution also adversely affects
both mariculture and marine fishing, leading to further depletion of
marine resources. The Marine Pollution Index (MPI) may introduce
spatial and temporal biases, as it is typically based on regional or
modeled data that do not capture localized pollution in specific fishing
grounds or short-term seasonal spikes. This can limit its accuracy in
reflecting actual pollution exposure experienced by fishermen.

3.2.4 Control variables

This study incorporates two categories of control variables. The
first category relates to the level of fishery development and includes the
following: fishery capital input per capita, catch per unit of fishing effort
(CPUE(), and catch per unit of mariculture effort. (CPUEc). Fishery
capital input per capita, defined as the total vessel power per fisherman
(Pow), plays a crucial role in determining fishing productivity and
fishermen’s income. CPUEH, the ratio of fishing output to total fishing
vessel power, measures the efficiency of fishing effort and the variable
input per unit of vessel power (Gibson-Reinemer et al,, 2017). CPUEg,
the ratio of mariculture output to total farming vessel power, reflects
the intensity of mariculture and the efficiency of variable input per unit
of vessel power.

The second category relates to regional development levels and
includes: education level and Regional economic development.
Fishermen’s education level may affect fishermen’s catches
(Amir et al., 2022). Since data on fishermen’s education levels are
unavailable, the average years of schooling for rural residents (Edu) in
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different regions is used as a proxy (Sequeira et al,, 2017). Education
may not accurately. This may introduce measurement bias, as regional
averages do not reflect practical knowledge or economic capacity in
fisheries. Many fishermen with low formal education may still be highly
skilled and productive. Regional economic development is measured by
GDP per capita (GDP). Generally, a higher GDP per capita significantly
enhances income levels (Diacon and Maha, 2015). Fishermen in
economically developed regions tend to earn more due to higher fish
prices, stronger consumer demand for aquatic products, and greater
opportunities for alternative income sources beyond fishing,

Table 1 presents the variable design and descriptive statistics. The
significant disparity in CPUEc values can be explained by rapid
growth of mariculture. Over the past decade, national production has
doubled, with certain regions emerging as major producers, while
others exhibit minimal output. All value-related variables have been
adjusted using the 2007 price index to account for inflation.

To ensure the accuracy of the regression model and avoid spurious
regression, this study conducts a unit root test for all variables. Two
methods, the homogeneous Levin-Lin-Chu (LLC) test and the
heterogeneous Im-Pesaran-Shin (IPS) test, are employed to assess
data stationarity. The results indicate that all regression variables are
stable at the 1% significance level, with no evidence of a unit root,
thereby eliminating the risk of spurious regression. To address potential
multicollinearity, the variance inflation factor (VIF) is calculated. The
findings reveal that the maximum VIF is well below 10, confirming the
absence of multicollinearity.

3.3 Empirical result and analysis

3.3.1 The baseline regression

The results evaluate the impact of fishery subsidies on
fishermen’s income (Model 1) are presented in Table 2. Columns
(1) and (3) display the OLS regression results with and without
control variables, respectively, while columns (2) and (4) show the
fixed effects regression results under the same conditions.
The findings indicate that the coefficients for fishery subsidies are
positive and statistically significant at the 1% level, except in column
(1), where OLS was estimated without control variables. The
coefficient of fixed effect model (0.087) indicates that a one unit
increase in fishery subsidies leads to an 8.7% increase in fishermen’s
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TABLE 2 Estimation of fishermen’ income affected by fishery subsidies.

(1) OLS

Variables (2) FE (3) OLS (4) FE

10.3389/fmars.2025.1453132

Sub 0.029 0.083** 0.075%** 0.087%** -0.003 0.048% 0.085%** 0.104%%* 0.091%
(0.024) (0.025) (0.021) (0.025) (0.030) (0.029) (0.022) (0.031) (0.051)
Pow -0.412%%* -0.352 -0.103 -0.099 -0.088 -0.437%* -0.539**
(0.108) (0.222) (0.085) (0.086) (0.102) (0.190) (0.259)
CPUE¢ -3.560 -7.684% -2.407 -1.802 -2.035 -5.289** -10.193
(2.228) (3.870) (1.949) (1.165) (1.240) (2.578) (4.766)
CPUE. 0.026 0.037 0.031%* 0.018 0.013 0.00003 -0.010
(0.016) (0.028) (0.014) (0.011) (0.009) (0.012) (0.025)
GDP 2,974 5.207*4* 1.766%** 1.4510%* 1.223*% 2.204%* 2.591
(0.496) (1.938) (0.369) (0.385) (0.491) (0.816) (1.707)
Edu 1.418 -0.726 0.985 0.753 1.422 3.803 0.435
(1.435) (2.540) (0.885) (0.834) (0.877) (2.858) (4.064)
_cons. 11.851 10.323*** -5.337 7.468 -3.941 -0.257 -3.666 -18.178 14.897
(0.774) (1.514) (12.127) (19.743) (7.011) (7.280) (7.583) (25.061) (36.981)
Year N Y N Y Y Y Y Y Y
Region N Y N Y Y Y Y Y Y
R? 0.01 0.20 0.33 0.30 0.25 0.23 0.19 0.16 0.26
Obs. 143 143 143 143 143 143 143 143 143

Standard errors in parentheses.
p<0.1, p<0.05, **p<0.01.

Where Column (1) and (2) are the OLS and fixed effect regressions without control variables; column (3) and (4) are the OLS and fixed effect regressions with control variables; column (5) is the

quantile regression at quantiles of 0.1, 0.25, 0.5, 0.75, and 0.9.

income. This suggests that fishery subsidies significantly increase
income supporting Hypothesis H1.

Fishery subsidies can artificially boost profitability by lowering
fishing costs (Sumaila et al., 2019), and have a positive short-term
impact on vessel profitability (Nguyen, 2016). However, in an open-
access fishery system, some vessels may achieve economic profits
while others incur losses (Coglan and Pascoe, 1999). Table 2 presents
the results of how fishery subsidies affect income across different
income groups. The results show that the coefficients are statistically
significant at the 10% or 1% level for the 0.25, 0.5, 0.75, and 0.9
quantiles, except for the 0.1 quantile. A Wald test rejected the null
hypothesis of equal subsidy effects across the 25th, 50th and 75th
quantiles (x* = 3.79, p< 0.05), indicating significant variation in
subsidy impacts across the income distribution. Additionally, the
subsidy coefficients increase as income quantiles rise, indicating that
while subsidies promote income growth, their effect varies across
groups. The smallest effect is observed for low-income fishermen,
supporting the first part of Hypothesis H2. High-income fishermen
benefit most from subsidies, likely due to their larger social networks,
greater access to capital, and more business opportunities. They may
also possess better fishing skills, education, and more resources to
invest in additional ventures. In contrast, low-income fishermen,
constrained by limited skills, resources, or access to opportunities, are
more reliant on their current activities, resulting in a smaller subsidy
effect. This disparity suggests that high-income fishermen derive
more substantial benefits, contributing to income inequality and
widening the income gap.
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Table 3 presents the results of evaluating the impact of ocean
pollution on fishermen’s income by estimating model (2). Both the
fixed effects model and OLS regressions reveal that the coefficients
for the marine pollution index (MPI) and its square are statistically
significant at the 5% level, with positive and negative signs,
respectively. This suggests an inverted U-shaped relationship
between marine pollution and fishermen’s income, providing
support for Hypothesis H3. Initially, income increases with
worsening environmental conditions, but at a certain threshold,
further pollution adversely affects fishermen’s income.

Changes in the marine environment have a direct impact on fishery
production. On one hand, fishing and mariculture can exacerbate
marine pollution (Woods and Verones, 2019; Streicher et al., 2021),
which in turn harms the fishing industry. Over the past decades, both
the quantity and quality of marine products have declined (Cochrane,
2021), with some regions even experiencing a complete lack of fish (Cao
et al, 2017). Pollution in offshore areas has risen, leading to the
deterioration of marine ecosystems and fishery resources. As a result,
fishermen face increasing costs and declining income year after year
(Teh et al., 2020), highlights the growing imbalance between inputs and
outputs for those reliant on the sea (Cochrane, 2021).

3.3.2 Robustness checks
3.3.2.1 Change dependent variable

Since fishermen’s income is linked related to fishery production, the
total value of fishery production per fisherman is used as a proxy for
income. Models (1) and (2) were re-estimated, with results presented in
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TABLE 3 Estimation of fishers’ income affected by marine environment.

(1) OLS

Variables (3) OLS

10.3389/fmars.2025.1453132

MPI 50.396*+* 61.687+** 29.624** 59.414*+ 15.617* 21.943++ 28.847+ 40.308* 1.553
(14.762) (16.650) (14.209) (16.129) (9.130) (8.240) (7.903) (26.272) (73.364)
MPIA2 -32.340* -39.982%%* 21.322% 381719 -12.153* -15.586** 20,6824+ -28.835* 0.208
(10.711) (11.034) (10.171) (10.027) (6.837) (6.852) (5.680) (19.385) (58.699)
Pow -0.231% 0.020 -0.010 -0.042 -0.083 -0.152 -0.269
(0.104) (0.185) (0.067) (0.043) (0.062) (0.186) (0.386)
CPUE; -3.098 -5.864** -0.119 -1.595 -1.459 5,812 -9.981
(2.174) (2.407) (1.691) (1.079) (1.718) (1.743) (7.804)
CPUE, 0.006 0.005%%* 0.011 0.010 0.009 0.006 0.003
(0.003) (0.001) (0.011) (0.011) (0.008) (0.013) (0.016)
GDP 2.1024%* 3.466* 1.392%%* 0.934** 0.946** 0.955 1.301
(0.528) (1.567) (0.281) (0.241) (0.360) (0.859) (2.482)
Edu 1.777 -1.098 1157+ 1,475+ 1.565* 0.194 -0.869
(1.487) (3.556) (0.406) (0.558) (0.869) (1.858) (4.758)
_cons. -1.309 -10.294 9.932 -6.964 -10.543** -11.176* -11.808 1.796 29.296
(4.905) (6.399) (13.605) (31.413) (4.157) (6.351) (9.504) (18.889) (46.699)
Year N Y N Y Y Y Y Y Y
Region N Y N Y Y Y Y Y Y
R? 0.10 0.29 0.31 0.34 0.29 0.27 0.20 0.13 0.17
Obs. 143 143 143 143 143 143 143 143 143

Standard errors in parentheses.
*p<0.1, *p<0.05, ***p<0.01.

Where column (1) and (2) are the OLS and fixed effect regressions without control variables; column (3) and (4) are the OLS and fixed effect regressions with control variables; column (5) is the

quantile regression at quantiles of 0.1, 0.25, 0.5, 0.75, and 0.9.

Table 4, columns (1) and (2). The findings indicate that the coefficients
for fishery subsidies and the MPI are positive, while the coefficient for
MPI? is negative, all significant at the 1% level. These results remain
consistent with the baseline regression, confirming that fishery subsidies
contribute to income growth and that the relationship between marine
pollution and fishermen’s income follows an inverted U-shaped pattern.

3.3.2.2 Endogeneity treatment

Fishermen’s income is influenced by multiple factors, which could
introduce endogeneity due to omitted variables. Additionally, vessel
power plays a key role in the allocation of fishery subsidies, as higher-
powered vessels receive greater subsidies while also benefiting from
expanded fishing ranges and increased income opportunities. This
creates a potential reverse causality issue, leading to endogeneity
concerns. Similarly, marine pollution affects fishermen’s earnings,
while their income levels, in turn, influence marine pollution
(Gao et al, 2021). To address these endogeneity concerns, models
(1) and (2) are re-estimated using the instrumental variable approach.
Based on Hsiao and Taylor’s (1991) research, lagging indicators can be
used as instrumental variables in panel data analysis. Accordingly, this
study uses the lagging values of fishery subsidies and the MPI as
instrumental variables to estimate models (1) and (2). The results,
presented in Table 4, columns (3) and (4), indicate that the coefficients
for fishery subsidies, marine pollution, and control variables remain
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consistent with the baseline regression. Furthermore, the F-values
exceed 10, indicating that there are no weak instrumental variables.
A Hansen J test for overidentification was conducted to examine the
validity of the instruments. The test statistic was y*(df) = 2.758 (p =
0.097), and the null hypothesis was not rejected, indicating that the
instruments are valid.

3.3.3 Heterogeneity effect
3.3.3.1 Scale heterogeneity

Teh etal. (2020) found that fishermen engaged in large-scale fishing
(LSF) earn approximately 2.2 times more than those in small-scale
fishing (SSF). Compared to LSF vessels, SSF ones, with their limited
fishing capacity and range, generally produce lower yields and receive
fewer fishery subsidies, making income growth more challenging. To
assess the influence of vessel size on income, the sample is divided into
two groups—large-scale and small-scale vessels—based on the median
average engine power per vessel. Model (1) is then re-estimated for each
group, with the results presented in Table 5. The coefficients for fishery
subsidies are positive and statistically significant at the 1% level in both
groups, though the effect is stronger for large-scale vessels. This finding
supports the latter half of hypothesis H2, indicating that fishery
subsidies contribute more significantly to income growth in LSF
vessels. To test the robustness of the main results, a sensitivity
analysis was performed by reclassifying fishing vessels into quartiles
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TABLE 4 The robustness check.

Variables Change dependent variable Instrumental variable
(1) (2) (3) (4)
Sub 0.094+ 0.128%%*
(0.025) (0.049)
MPI 59.414%** 115.950*
(17.370) (68.258)
MPI"? -38.171% -92.494**
(11.658) (41.104)
Control Variables Yes Yes Yes Yes
_cons. 18.253 -6.964 -2.008 -66.695
(19.983) (22.094) (21.038) (48.385)
Year Y Y Y Y
Region Y Y Y Y
R’ 0.33 0.34 0.51 0.35
E-value 27.29 15.35

Standard errors in parentheses.
*p<0.1, *p<0.05, ***p<0.01.

Where in columns (1) and (2), income is replaced with the total fishery production value per fisherman; in columns (3) and (4), the lagging indicator is employed as an instrumental variable.

based on size, using the 25th and 75th percentiles as alternative cutoff
points. Regression models were re-estimated for the bottom quartile
(Column 3) and top quartile (Column 6) vessel groups. The findings
remain qualitatively consistent, suggesting that the estimated subsidy
effects are not sensitive to the choice of vessel size classification. This
may be attributed to the greater engine power, capacity, and fishing
range of large vessels, which typically yield higher output. Moreover,
higher subsidies provide these vessels with greater opportunities for
investment in advanced fishing gear and equipment, further enhancing
their productivity.

3.3.3.2 Trawler proportion heterogeneity

When compared to other commonly used fishing gear, mobile
bottom-contact gear—such as trawlers—is widely recognized as having
the most significant ecological impact. Concerns over bycatch, damage
to benthic communities, and a high carbon footprint are particularly
pronounced (Hilborn et al, 2023). Trawling is among the most
destructive fishing methods, accounting for nearly half of all
discarded fish and marine animals worldwide (Stiles et al., 2010).
Bottom trawling not only reduces marine species diversity but also
disrupts benthic habitats, alters the balance of marine ecosystems, and
threatens the regenerative capacity of fisheries.

In regions where trawlers constitute a large proportion of the
fishing fleet, fishery resources are more severely depleted, leading to
lower stock abundance. As a result, fishery subsidies have a limited
effect on income growth. To examine this relationship, the sample is
divided into two groups based on the median proportion of trawlers,
and model (1) is applied separately to each group. The results, presented
in Table 6, indicate that the coefficients for fishery subsidies are positive
and statistically significant at the 1% or 5% level in both groups.
However, the coefficient for the high-trawler-proportion group is lower
than that for the low-trawler-proportion group, suggesting that fishery
subsidies contribute more to income growth in regions with fewer
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trawlers. One possible explanation is that in areas with a high
concentration of trawling, fishery resource depletion is severe. Only
large-powered vessels can operate in distant pelagic waters, while SSF
vessels are confined to inshore fishing, where fishery resources are
increasingly depleted. Consequently, despite receiving the same level of
fishery subsidies, fishermen in high-trawler regions catch fewer fish for
the same level of effort (Stiles et al., 2010).

4 Discussion

This study examines the impacts of fishery subsidies and marine
environmental changes on fishermen’s income, with a particular focus
on income inequality and regional variations. The results demonstrate
that fishery subsidies have a significant positive impact on fishermen’s
income, but the effect varies across income groups. Higher-income
fishermen benefit more from the subsidies, which contribute to income
inequality in the sector. The inverted U-shaped relationship between
marine pollution and income suggests that moderate levels of pollution
can be linked to an increase in fishermen’s income, but excessive
pollution severely hampers fishery productivity and, consequently,
fishermen’s income. This emphasizes the importance of maintaining
environmental sustainability to support long-term income growth
for fishermen.

The study also highlights the heterogeneous effects of subsidies
based on vessel scale and the ecological impacts of different fishing
methods. Regions with a higher proportion of LSF vessels benefit more
due to their greater capacity, range, and ability to invest in advanced
technologies. However, this leads to income inequality, as small-scale
vessels, constrained by limited capacity and local fishing areas, struggle
to convert subsidies into income growth. Additionally, the study
emphasizes the ecological harm caused by bottom-contact fishing
gear, particularly trawlers. In areas with a high proportion of
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TABLE 5 The Heterogeneity of vessel scale.

Variables Small scale

10.3389/fmars.2025.1453132

Large scale

Sub 0.066** 0.096*** 0.578 0.146*%* 0.153*%* 0.095%%*
(0.029) (0.031) (0.028) (0.051) (0.051) (0.041)
Control Variables No Yes No Yes Yes
_cons. 8.208*** -15.858 218.571 11.848%%* -1.158 -3.749
(1.418) (27.284) (26.627) (2.593) (33.312) (34.014)
Year Y Y Y Y Y
Region Y Y Y Y Y
R? 0.25 0.40 0.29 0.40 0.459

Standard errors in parentheses.
*p<0.1, **p<0.05, **p<0.01.

Where columns (1) and (2) are fixed-effects regression results for small-scale vessels—defined as those below the median vessel power—with and without control variables, respectively; columns
(4) and (5) are fixed-effects regression results for large-scale vessels—defined as those above the median vessel power—with and without control variables, respectively; column (3) and (6) are
fixed-effects regression results for small- and large-scale vessels using the bottom quartile and top quartile vessel groups with control variables, respectively.

trawlers, fishery resources are more severely depleted, limiting the
effectiveness of subsidies in boosting income.

Fishery subsidies provide a crucial economic support for
fishermen; however, they have also exacerbated income inequality
within the sector. While eliminating these subsidies is often proposed
as a measure to promote sustainability, an abrupt removal could lead to
significant negative consequences. Because without fishery subsidies,
the majority of fishing fleets operating on the high seas would operate
at a loss globally (Sumaila et al., 2010), and most fishing fleets would
fave negative profits in China (Shen and Chen, 2022). The immediate
removal of subsidies would fail to simultaneously address
environmental sustainability, economic viability, and social equity.
Many unprofitable fishing vessels may continue operating due to
sunk costs, while others might intensify fishing efforts to maximize
short-term profits, leading to further environmental degradation.

We conjecture that, due to substantial sunk costs, many unprofitable
fishing vessels may continue operating rather than exit the sector, while
some may increase fishing intensity to maximize short-term gains—both
behaviors potentially accelerating environmental degradation.

The impact on low-income fishermen would be particularly
severe, as they often possess limited education, constrained resource

TABLE 6 The heterogeneity of trawler proportion.

Variables

High-proportion

endowments, and few alternative employment opportunities. The
transition away from fisheries would thus be especially challenging
for these vulnerable populations.

Over time, unprofitable fishing vessels would be forced to exit
the industry. In 2022, more than 11.78 million fishermen were
engaged in marine fishing, with 511 thousand fishing vessels
constituting approximately one-fourth of the global fishing fleet
(Ministry of Agriculture, 2023). The abrupt elimination of
subsidies raises critical concerns regarding the fate of these
vessels and the economic security of fishermen who depend on
them. Without viable alternative livelihoods, many displaced
fishermen could face extreme financial hardship, exacerbating
social inequalities.

Given these potential challenges, it is imperative to adopt a
gradual and well-structured approach to subsidy reform. A
transition strategy should include compensatory measures to
mitigate adverse socioeconomic impacts, such as redirecting
subsidies toward poverty alleviation programs, vocational
training, and investments in sustainable resource management.
Such an approach would reduce incentives for overfishing while
ensuring economic resilience among fishing communities.

Low-proportion

Sub 0.056** 0.055%* 0.1410* 0.091**
(0.022) (0.024) (0.048) (0.037)
Control Variables No Yes No Yes
_cons. 8.243%* 2.579 12.7480* 68.370*
(1.231) (16.745) (2.841) (34.036)
Year Y Y Y Y
Region Y Y Y Y
R? 0.29 0.34 0.33 0.68
Standard errors in parentheses.
*p<0.1, #*p<0.05, **p<0.01.
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5 Conclusion and policy implication

The reform of fishery subsidies is essential for achieving economic
equity, environmental sustainability, and long-term sectoral viability.
While subsidies have historically provided critical economic support,
they have also contributed to income inequality and ecological
overexploitation. Abrupt elimination of these subsidies could cause
severe short-term hardships, particularly for low-income fishermen
lacking alternative livelihoods. Therefore, a phased approach is needed
—gradually removing harmful subsidies while safeguarding vulnerable
groups through targeted support mechanisms.

In the short term, governments should redirect subsidy funds
toward poverty alleviation and social protection measures that
stabilize incomes and mitigate transitional risks (Merayo et al., 2019;
Sumaila et al., 2022). This includes expanding access to social insurance,
pension coverage, and unemployment benefits (Gao et al., 2021), along
with providing direct cash transfers or livelihood assistance to the most
affected households. Such compensatory interventions can reduce
economic vulnerability while also discouraging unsustainable fishing
incentives (Ferraro and Simorangkir, 2020; Schuhbauer et al., 2020).

In the long term, ensuring sustainable fisheries requires deeper
structural reforms. This includes phasing out subsidies for large-
scale, environmentally harmful practices—such as bottom trawling
—while supporting small-scale, low-impact fisheries. Investments
should target modernizing fleets, improving gear selectivity, and
promoting sustainable aquaculture. Additionally, implementing
effective fisheries management systems—such as Total Allowable
Catch (TAC) limits or Individual Quotas (IQ)—alongside robust
stock assessments will be crucial for regulating fishing intensity and
maintaining ecological balance.

Finally, the transition toward sustainability must be supported
by human capital development. Enhancing training programs and
vocational support can help fishermen—especially from traditional
sectors—acquire the technological skills needed to adapt to
changing conditions or pursue alternative livelihoods (Pomeroy
et al,, 2016). Given the declining capacity of marine ecosystems to
absorb continued fishing pressure, policies that facilitate long-term
occupational shifts are not only desirable but necessary.

6 Limitations

First, the income data used in this study represents the average
income across various regions rather than the income of individual
households. Moreover, it aggregates earnings from both marine
capture fisheries and mariculture, making it difficult to isolate the
specific impact of fishery subsidies on these two distinct sectors.
Regional disparities in fishermen’s income, as well as variations in
catch prices influenced by local economic conditions, further
complicate the analysis. To account for these variations, GDP per
capita for each region is incorporated as a control variable.
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Second, China’s fuel subsidies have been in place for only 13
years, and with data available for only 11 coastal provinces, the
limited sample size may affect the robustness of the results.

Additionally, the marine environmental variable in this study
includes only four primary pollutants in offshore waters. Other
significant factors, such as climate change, plastic pollution, fishing
regulations, and natural or human-induced disasters, were not
included due to data availability constraints and measurement
challenges. Future research would collect household-level panel
data and track income, subsidies, and adaptation strategies among
fishing households. Moreover, integrating dynamic environmental
indicators—such as hypoxia zones, chloride concentrations, and
seasonal pollution patterns—would enhance the accuracy of
pollution exposure measurement and provide deeper insights into
the ecological impacts of fishery activities over time.
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