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Subsidy for input or purchase?
Research on government subsidy
strategies in land-sea relay
aquaculture mode
Dexing Huang, Bojun Gu* and Yufang Fu*

School of Economics and Management, Zhejiang Ocean University, Zhoushan, China
Based on a deep-sea aquaculture system comprising the government, deep-sea

aquaculture enterprise, and fry farmers, this paper constructs a two-stage game-

theoretic model of land-sea relay aquaculture under three scenarios: no

government subsidy, input subsidy, and purchase subsidy. A comparative

analysis is conducted to examine the impact mechanisms of different

government subsidy strategies on the decision-making behaviors, profits, and

social welfare of the members in the land-sea relay aquaculture supply chain.

Our findings are as follows: (1) under government subsidy mechanisms, the

enterprise adopts differentiated pricing based on the scale of farmers,

manifesting as price suppression for small-scale farmers and price elevation for

large-scale farmers. Both input subsidy and purchase subsidy effectively

incentivize farmers to improve fry quality and expand fry supply. (2) The

comparative advantage of government subsidy strategies depends on the

revenue-sharing proportion and farming scale constraints. The degree of risk

aversion among farmers influences the threshold of the revenue-sharing

proportion, which increases as risk aversion intensifies. (3) Based on the

revenue-sharing proportion and farming scale constraints, input subsidy and

purchase subsidy strategies each possess distinct advantageous intervals. Within

these intervals, the government, deep-sea aquaculture enterprise, and fry

farmers can achieve incentive compatibility and a multi-win situation. The

findings of this study provide a theoretical framework for governments

promoting deep-sea aquaculture to formulate effective subsidy policies and

for stakeholders to optimize their decisions.
KEYWORDS

land-sea relay aquaculture, input subsidy, purchase subsidy, fry quality, risk aversion,
revenue-sharing
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1 Introduction

Deep-sea aquaculture serves as both a critical initiative to

implement the holistic approach to food security and expand the

production space of the “blue granary,” and a key pathway to

safeguard national food security and advance sustainable

development (Liu et al., 2023; Almeida et al., 2025; Çamkaya

et al., 2025). As President Xi Jinping emphasized, it is vital to

seek food from both the land and the ocean, cultivating the seas and

building “marine pastures” and “blue granaries”. Since the

implementation of the 13th Five-Year Plan, a total of over 20,000

gravity-type cages, 53 truss-type cages, and 4 aquaculture workboats

have been constructed nationwide. In 2023, the volume of water

used for deep-sea aquaculture across the country reached

approximately 46.2808 million cubic meters, with a production

output of about 416,600 metric tons. These developments have

gradually demonstrated the effectiveness of advancing the “Blue

Granary” initiative (China Daily, 2024). However, due to the high

one-time investment in aquaculture equipment, the large scale of

aquaculture operations, and the distinctive characteristics of

aquaculture sea areas marked by strong waves and rapid currents,

deep-sea aquaculture—while mitigating ecological and

environmental pressures in coastal waters and advancing green

production—also amplifies aquaculture risks (Lin, 2024; Zheng and

Zhang, 2024a). Therefore, improving the quality offish fry to reduce

fry mortality has emerged as a fundamental prerequisite for the

effective operation of deep-sea aquaculture. Land-sea relay

aquaculture has emerged as a specific operational mode under the

unique context of deep-sea aquaculture, leveraging specialized

division of labor between land-based and marine stages to

systematically integrate the precision control of terrestrial systems

with the ecological advantages of open-sea environments. However,

this mode exhibits distinct characteristics seldom observed in

traditional agricultural supply chains. First, fry quality serves as a

critical intermediate variable whose level directly determines the

output rate during the deep-sea grow-out phase. Studies confirm

that high-quality fry demonstrate significantly superior stress

resistance, growth performance, and survival rates, thereby

fundamentally ensuring final production outcomes (Chen et al.,

2018). Consequently, fry quality forms the essential technological

link connecting upstream and downstream supply chain segments.

Second, a pronounced power asymmetry exists between the

predominantly small-scale fry farmers and the industrialized

large-scale deep-sea enterprises, creating structural imbalances

within the relay system.

The land-sea relay aquaculture mode is a practical application

designed for this context, combining the advantages of both land-

based/inshore and deep-sea aquaculture. In this mode, fry farmers

first nurture fish fry to a standard suitable for deep-sea transfer (e.g.,

reaching a size of over 250 grams) using land-based recirculating

aquaculture systems (RAS) or inshore net pens. Subsequently, a

deep-sea aquaculture enterprise purchases and transfers the fry to

offshore installations for grow-out to market size. For instance, in

Nanhuangcheng Village, local fishermen use inshore nets for the

initial cultivation of Sebastes schlegelii fry. Once the fry reach a
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target size, Shandong Yantai Jinghai Marine Fisheries Company

purchases them for grow-out in its deep-sea intelligent cage

platforms (Tianyan News, 2022). Similarly, Yantai CIMC Raffles

signed a fry purchase agreement with the Rizhao Net-Pen

Aquaculture Association, whereby association farmers hatch and

rear Sebastes schlegelii fry in land-based facilities before the

company transfers them to open-sea anti-storm net cages for

finishing (Dazhong Daily, 2023).

During the process of land-sea relay aquaculture, high-quality

fish fry serve as a critical medium linking the two preceding and

subsequent aquaculture modes. However, on the one hand, the long

cultivation cycle of high-quality fish fry and the low overall survival

rate caused by cannibalism among fry of varying sizes during the

rearing process significantly amplify the farming risks for fry

farmers. On the other hand, fry farmers primarily operate under

smallholder farming models, whereas deep-sea aquaculture

enterprises have transitioned into large-scale industrialized

entities. This significant market power disparity between the two

ends of the land-sea relay chain leaves fry farmers occupying a

disadvantaged position in the entire deep-sea aquaculture industrial

chain, making it difficult for them to secure equitable profit

distribution. While deep-sea aquaculture enterprises face a

substantial demand for high-quality fry, fry farmers lack sufficient

incentives to cultivate such fry. This mismatch ultimately exposes

the deep-sea aquaculture industry under the land-sea relay model to

operational risks of disruption due to shortages of high-quality fry.

An example is Yantai Jinghai Marine Fisheries, which encountered

a shortage of locally sourced high-quality fry that met the

requirements for its deep-sea operations under Yantai’s “Hundred

Cages Plan” (Shandong Provincial People’s Governmen, 2023).

Government incentives are a common policy tool to correct such

market failures in aquaculture, which shares characteristics with

traditional agriculture (Yu et al., 2020; Huan et al., 2024; Zheng and

Zhang, 2024b). In the crop sector, for example, China provides

subsidies of 750–1500 RMB per hectare to farmers using organic

fertilizers, while Japan offers 800 Yen per hectare for those

cultivating green manure and organic crops. Alternatively,

governments may subsidize downstream companies to indirectly

encourage farmer effort (Li et al., 2020; Ye et al., 2021). However, for

emerging models like land-sea relay aquaculture, a systematic

government subsidy policy is absent. Direct policy support

remains limited, and effective subsidy mechanisms are still in the

exploratory phase.

To address this, our study tackles the structural supply-demand

contradiction inherent in the relay model: a supply-side imbalance

caused by high risk and unfair profit distribution for fry farmers,

juxtaposed with robust demand from the large-scale deep-sea

enterprise. We develop a two-stage game-theoretic model

involving fry farmers and a deep-sea aquaculture enterprise. We

then propose and analyze two government subsidy strategies: the

input subsidy directly to farmers (based on the quality and quantity

of fry delivered) and the purchase subsidy to the enterprise (based

on the quality and quantity of fry purchased). By systematically

comparing metrics such as farmers’ effort input, farmers’ profit,

enterprise profit, and social welfare under different subsidy
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strategies, we aim to provide a theoretical basis and decision-

making references for government selection of subsidy policies.

Furthermore, we test the robustness of our core findings by

modeling the adult fish output rate as a nonlinear function.

This study seeks to answer the following questions:
Fron
1. How to construct a two-stage game model encompassing

land-based fry rearing and deep-sea adult fish aquaculture,

and characterize the impact mechanism of fry quality on

adult fish output rate?

2. Can either input subsidy or purchase subsidy effectively

incentivize farmers to exert greater effort, thereby

alleviating the shortage of high-quality fry?

3. From the perspective of stakeholder win-win outcomes,

how should the government select the optimal

subsidy strategy?
To address the above questions, this paper examines a scenario

where an enterprise signs procurement contracts with n

homogeneous fry farmers, contingent on the quality of delivered

fry. Under these contracts, the farmers are responsible for rearing

fry in land-based facilities until they meet the standards required for

deep-sea aquaculture. Subsequently, the enterprise transfers the

purchased fry to deep-sea relay aquaculture systems to grow them

into adult fish for market sale. First, we establish a benchmark

model without government subsidy, where farmer incentives are

driven solely by the procurement contract. Second, to correct the

market failure caused by the undersupply of high-quality fry, we

introduce two subsidy strategies, which incentivize farmers through

direct cost compensation (input subsidy) and indirect revenue

sharing (purchase subsidy), respectively. Third, based on the

perspective of stakeholder win-win outcomes, this paper identifies

Pareto improvement intervals under different subsidy strategies,

thereby formulating specific guiding principles for the government

to develop differentiated subsidy strategies. Finally, in an extension,

we model the output rate as a nonlinear function and use numerical

simulations to verify the robustness of our core conclusions.

The contributions of this study are threefold:
1. To our knowledge, this is the first study to provide a

systematic model and quantitative analysis of the land-sea

relay aquaculture mode, addressing a gap in the literature

regarding micro-mechanism models for this system. By

constructing a two-stage game model and treating fry

quality as a key decision variable linking the stages, we

delineate its impact on the final output rate and reveal the

subsequent effect on overall system performance, providing

a theoretical framework for understanding the quality-

output linkage in relay aquaculture.

2. We design and compare two novel subsidy mechanisms

tied to the quality and quantity of fry transacted: a direct

input subsidy to farmers and an indirect purchase subsidy

to the enterprise. This allows a systematic comparison of

direct cost compensation versus indirect revenue sharing.

We find both strategies effectively incentivize farmers to
tiers in Marine Science 03
improve quality and increase supply. Their comparative

advantage depends on the revenue-sharing proportion and

farming scale constraints. The farmers’ risk aversion

influences the threshold for this proportion, which

increases as they become more risk-averse.

3. From a win-win perspective, we provide actionable policy

guidance: the optimal subsidy choice depends on the

revenue-sharing proportion. The input subsidy is

preferable when this proportion is low, while the

purchase subsidy becomes more advantageous when the

proportion is high. The impact of farming scale constraints

must also be carefully considered to ensure policy

effectiveness and avoid unintended outcomes.
The remainder of this paper is organized as follows. Section 2

reviews the related literature. Section 3 details the problem

description and model assumptions. Section 4 presents the model

formulation and a comparative analysis of the subsidy strategies.

Section 5 extends the study by considering a nonlinear output rate.

Section 6 concludes. All proofs are contained in the Appendix.
2 Literature review

2.1 Research on contract farming

Land-sea relay aquaculture is an innovative mode integrating

industrial production with green transformation principles. The

most relevant literature pertains to contract farming, which has

been extensively studied for its contract design, cooperation models,

and impacts on farmer behavior and supply chain performance.

Studies on contract design primarily focus on using contractual

terms to incentivize quality improvement. For instance, Ayvaz-

Çavdaroğlu et al. (2021) addressed underinvestment by Turkish

olive oil farmers in open markets by designing a quality-based

delivery system with new payment policies. Yang et al. (2024)

explored how retailers can use contract design and farmer

competition to enhance quality, finding that intense competition

can sometimes reduce overall supply chain profits. Issues of

information asymmetry and cooperative governance are also

central to this discussion. Mu et al. (2016) found that high testing

costs, competition among collection stations, and free-riding

among farmers affect milk quality, suggesting improved testing

and incentives. Yu et al. (2023) showed that increasing quality-

based payments in contracts can mitigate free-riding within

cooperatives under information asymmetry. Qian and Olsen

(2022) studied quality standard coordination, recommending that

cooperatives tailor payment schemes to farmers’ time preferences

and farm sizes. Other scholars have explored organizational

innovations to enhance smallholder participation. De Zegher

et al. (2019) examined how contract design and procurement

channels influence technology adoption, providing practical

guidance for sustainable sourcing. Hsu et al. (2019) proposed a

cooperative dairy farming model to resolve the dual challenges of

limited farmer resources and high corporate costs, finding it most
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beneficial for firms in medium-sized markets, with farmer profits

increasing with capacity. Xie et al. (2023) compared penalty,

revenue-sharing, and cost-sharing contracts in seed company-led

contract farming for coordinating quality improvement efforts.

Some research analyzes the macro-level effects of contract

farming on farmer income, market competition, and supply chain

efficiency. An et al. (2015) focused on five operational benefits of

cooperatives, analyzing each one’s impact via economic models.

Chen and Chen (2021) examined its impact on income and

inequality, finding that reducing production costs for high-value

crops might sometimes harm farmers. Existing studies have

established a relatively comprehensive theoretical foundation

focusing on contractual mechanisms and organizational models

in contract agriculture. However, in the specific context of land-sea

relay aquaculture, no prior studies have yet conducted theoretical

modeling or quantitative analysis of this new cooperative farming

model. To address this gap, this paper constructs a two-stage game

model encompassing land-based fry rearing and deep-sea adult fish

aquaculture. It focuses on characterizing the impact mechanism of

fry quality on adult fish output rate and further elucidates the

pathways through which this mechanism influences the

performance of the entire deep-sea aquaculture system.
2.2 Research on government subsidy

Another relevant stream of literature concerns the government

agricultural subsidy, a key tool for supporting innovation,

improving quality, ensuring stable supply, and increasing farmer

income (Akkaya et al., 2020; Chintapalli and Tang, 2022). Some

studies treat subsidies as risk mitigation tools, analyzing how they

help farmers cope with uncertainty. Alizamir et al. (2019) compared

U.S. price protection and income protection subsidies, finding the

former always incentivizes production while the latter may

discourage it. Peng and Pang (2019) showed subsidizing

agricultural insurance can hedge yield volatility and encourage

technical investment. Shi et al. (2023) optimized government

premium subsidy rates for social welfare, focusing on yield

insurance’s impact on production scale and green technology.

Tang et al. (2024) found the input subsidy better reduce income

inequality and benefit consumers, while the output subsidy better

increase total farmer income under yield uncertainty. Other

scholars focus on subsidies’ role in enabling the green transition,

particularly their effect on guiding farmers toward environmentally

friendly practices. Li et al. (2020) studied green subsidy choices,

recommending innovation subsidy when costs and environmental

benefits are high, and product subsidy when production costs are

low. Guo et al. (2022) examined how subsidies promote green

inputs and the effect of farmer heterogeneity. Gu et al. (2024)

explored the impact of direct and indirect subsidies on agricultural

technology extension under different industrial organization

models. Existing research on government agricultural subsidies

has predominantly focused on traditional crop sectors, while

subsidy policies in the context of deep-sea aquaculture have

largely centered on static equipment grants (Yu and Wang, 2023;
Frontiers in Marine Science 04
Dong et al., 2024). However, a comprehensive subsidy system

covering the entire “land-based fry rearing–deep-sea aquaculture”

chain has yet to be established. In contrast to the existing literature,

this study—situated within the land-sea relay aquaculture mode—

addresses the risk of supply chain disruption in deep-sea

aquaculture caused by high risks in high-quality fry cultivation

and insufficient production incentives for farmers. It systematically

designs government subsidy mechanisms from both the land-based

fry rearing and deep-sea aquaculture procurement ends, aiming to

resolve land-sea coordination challenges and ensure the resilience

and stability of the “blue granary” supply chain.

In summary, existing contract farming literature focuses on

upstream-downstream cooperation to incentivize farmers, while

subsidy research typically examines support for a single production

stage, lacking a systematic examination of cross-stage policy

coordination. Although Hsu et al. (2019) investigated relay dairy

farming and Xie et al. (2023) examined relay planting, their studies

focused on upstream-downstream collaboration to improve

product quality. In contrast, land-sea relay aquaculture, as a

specific practice model for green transformation, has not yet been

studied by scholars in terms of systematically designing government

subsidy mechanisms from both the land-based fry rearing and the

deep-sea aquaculture stage. Differing from the aforementioned

research, this paper focuses on the inherent transmission

mechanism through which fry quality affects adult fish output in

the land-sea relay aquaculture mode, as well as the coordination and

optimization issues under policy interventions. Given that the

quality of fry reared by upstream farmers directly affects the

survival rate of downstream deep-sea adult fish aquaculture, this

paper constructs a two-stage game-theoretic model involving land-

based fry rearing and deep-sea adult fish aquaculture. It specifically

characterizes the mechanism through which fry quality influences

the output rate of adult fish and reveals how this mechanism affects

the overall performance of the deep-sea aquaculture system. On this

basis, the study designs government subsidy mechanisms from both

the land-based fry rearing and the deep-sea aquaculture stage. It

then systematically analyzes the impact of government intervention

on farmers’ production decisions, enterprises’ pricing behaviors,

and the overall performance of the supply chain, aiming to establish

specific guiding principles for the government in selecting

subsidy strategies.
3 Problem description and model
assumptions

3.1 Aquaculture process and sales

We consider a land-sea relay deep-sea aquaculture system

consisting of n homogeneous risk-averse fry farmers (hereafter

“farmers”) and a single risk-neutral deep-sea aquaculture

enterprise (hereafter “the enterprise”). First, farmers are

responsible for rearing fish fry to a specified size. Subsequently,

the enterprise takes over the relay process, utilizing deep-sea

aquaculture equipment to further rear the fry into adult fish for
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final sale. Let q ∈ ½q , �q� denote the fry quality level, where q
represents the minimum quality standard required for deep-sea

aquaculture and q denotes the upper bound for suitable quality.

Without loss of generality, we set q = 0 and q = 1. The fry quality q
affects the adult fish output rate in the second stage of deep-sea

aquaculture, denoted by t(q). To facilitate model calculations, this

paper first adopts a linear function (Cai et al., 2010) to characterize

the relationship between fry quality level and adult fish output, i.e.,

let t(q) = t0q . Here, t0 ∈ ½0, 1� is the impact coefficient of fry

quality on output. Additionally, a nonlinear function is employed in

the extended section. Without loss of generality, we simplify by

setting t0 = 1. To secure a stable supply of high-quality fry and

improve the adult fish output rate, the enterprise commits to a

quality-adjusted procurement contract, purchasing all fry produced

by the farmers (Hsu et al., 2019; Cai et al., 2021). The contract is

wc = w + q, where w is the base price (decided by the enterprise)

paid for fry meeting the minimum quality level q .
Farmers are assumed to be risk-averse. The quantity of fry input

q is constrained by their farming scale K , i.e., 0 < q ≤ K . Reflecting

the diseconomies of scale common in agriculture (Zhong et al.,

2023; Fan et al., 2024), we model the farming cost using an

increasing marginal cost function: 1=2cFq
2. Drawing on Hsu et al.

(2019), we assume farmers can exert effort to improve fry quality

(e.g., by enhancing the breeding environment, using finer feed, or

extending the cultivation cycle). The cost per unit of quality

improvement is 1=2rq2. Farmers face production risks (e.g., from

cannibalism or disease), modeled by a random output factor X ∈
½xl , xh�. Its probability density function and cumulative distribution

function are f (x) and F(x), respectively, with a mean E½X� = m and

variance D½X� = s 2. The enterprise purchases all output fry based

on the contract and grows them to adulthood in installations like

truss-type net cages or aquaculture vessels before selling them at

market price p. As the market for adult fish is relatively mature and

stable, we treat the price p as an exogenous parameter (Hovelaque

et al., 2009; Niu et al., 2016). Furthermore, unit farming and

processing costs during the deep-sea stage are omitted for model

simplification, as they do not significantly alter the fundamental

supply chain decisions, a common approach in literature (Huang

et al., 2018; Feng et al., 2022).
3.2 Government subsidy

To correct this market failure and mitigate the risk of supply

chain disruption caused by insufficient upstream supply, this study

examines two government subsidy strategies—input subsidy and

purchase subsidy—to incentivize farmers to enhance their efforts in

improving fry quality while expanding supply, thereby ensuring

effective linkage between land-based fry rearing and deep-sea adult

fish relay aquaculture. Under the input subsidy strategy, the

government provides subsidy based on the quantity of fry inputs

and the level of quality improvement, with government expenditure

denoted as nsqq. Under the purchase subsidy strategy, the

government subsidizes based on the quantity and quality of fry

purchased by the enterprise, with government expenditure denoted
Frontiers in Marine Science 05
as snqqX. Assuming the government’s unit subsidy coefficient s is

an exogenous parameter. Particularly, given the significant market

power asymmetry between deep-sea aquaculture enterprise and

land-based fry farmers, the farmers occupy a disadvantaged

position within the industrial chain. To address this structural

imbalance and incentivize the farmers, this study introduces a

revenue-sharing contract under the purchase subsidy scenario,

whereby the enterprise shares a portion of the revenue from

marketable fish sales with the farmers. This mechanism has been

widely demonstrated as an effective approach for coordinating

supply chains and incentivizing upstream suppliers to enhance

product quality (Ma et al., 2019; Yan et al., 2020).

Based on the above analysis, this paper constructs decision-

making models for land-sea relay aquaculture under three

scenarios: a benchmark case without government subsidy, input

subsidy to farmers, and purchase subsidy to enterprise. The effort

level of farmers and the corresponding benefits of the land-sea relay

participants under these three scenarios are systematically

analyzed.The decision-making sequence follows a Stackelberg

game: First, the government determines the subsidy recipient and

the subsidy coefficient s. Second, based on the government’s action,

the enterprise formulates the procurement contract by deciding the

base price w. Finally, depending on the government subsidy and the

procurement contract set by the enterprise, the farmer decides the

quantity of fry input q and the fry quality level q .
This decision process for the land-sea relay aquaculture system

is illustrated in Figure 1.

The mathematical notations and their definitions used in this

paper are summarized in Table 1.
4 Model formulation and analysis

4.1 Benchmark scenario

In the benchmark scenario, a farmer’s income comes from

selling fry to the enterprise, and the farmer’s costs are the sum of fry

rearing and quality improvement costs. The farmer faces

production risk; the actual quantity delivered to the enterprise is

qX. Thus, the farmer’s stochastic profit function is given by

Equation 1:

~pGNS
F (q, q) = (w + q)qX − 1

2 cFq
2 − 1

2 rq
2q

s : t :   q ≤ K
(1)

To characterize the farmer’s risk aversion, the Conditional

Value-at-Risk (CVaR) criterion is adopted to measure and

analyze their optimal decision. According to the general

definition of CVaR (Kazaz and Webster, 2011; Ye et al., 2020),

the objective function for a risk-averse farmer, as defined in

Equation 1, is transformed into Equation 2:

pGNS
F (q, q) ≡ CVaR(~pGNS

F (q, q))

= max
vGNS

vGNS +
1

1 − h
E½min (~pGNS

F − vGNS, 0)�
� �

(2)
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where vGNS represents the 1 − h quantile of ~pGNS
F , E is the

expectation operator, and h ∈ ½0, 1) denotes the farmer’s degree of

risk aversion. A larger h indicates greater risk aversion. The farmer

is risk-neutral when h = 0.

The enterprise’s income comes from selling adult fish on the

market, and its cost is the expense of purchasing fry. Influenced by

fry quality, the final output of adult fish from deep-sea aquaculture

is t(q)nqX, the enterprise’s expected profit is given by Equation 3:
Frontiers in Marine Science 06
pGNS
C (w) = E½pt(q)nqX − (w + q)nqX� (3)

Theorem 1 The equilibrium strategies for the supply chain

members in the benchmark scenario are as follows:
(1) When 0 < K ≤ KF1, qGNS* = K , qGNS* = mh
r , wGNS* =

2rcFK−m2
h

2rmh
, pGNS*

F = 1
2 cFK

2, pGNS*
C = nmcFK(2KF1−K)

mh
;

(2) When K > KF1, q
GNS* = KF1, qGNS* = mh

r , w
GNS* = 2rcFKF1−m2

h
2rmh

,

pGNS*
F = 1

2 cFK
2
F1, p

GNS*
C = nmcFK2

F1
mh

.

Here, mh = 1
1−h

Z F−1(1−h)

xl
xdF(x), KF1 =

(2p−1)m2
h

4rcF
.

To explore the impact of the risk aversion degree on supply

chain decisions under different farming scales, we analyze Theorem

1 further, yielding Corollary 1.

Corollary 1 (1) When 0 < K ≤ KF1,
∂ qGNS*
∂h < 0, ∂wGNS*

∂h > 0,

∂ p
GNS*
C
∂h < 0;

(2) When K > KF1,
∂ qGNS*
∂h < 0, ∂ qGNS*

∂h < 0, ∂wGNS*
∂h < 0, ∂ p

GNS*
F
∂h <

0,
∂ p

GNS*
C
∂h < 0.

Corollary 1 (1) indicates that when the farming scale is small (

0 < K ≤ KF1), the farmer cannot achieve the profit-maximizing

equilibrium decision due to the scale constraint, and the fry input

quantity remains at the maximum level allowed by their capacity. At

this point, the farmer’s input quantity and profit are unaffected by

their degree of risk aversion. As risk aversion increases, the farmer

tends to maintain a lower fry quality level to ensure income stability

and reduce production volatility. Intuitively, one might expect the

enterprise to lower the purchase price in response to reduced farmer

motivation. However, Corollary 1(1) reveals that the enterprise’s

base purchase price is positively related to the small-scale farmer’s

risk aversion. The reason is that lower fry quality leads to a risk of

decreased adult fish output rate for the enterprise in the subsequent

deep-sea stage. To secure higher quality fry and improve the output
FIGURE 1

Decision-making process for land–sea relay aquaculture.
TABLE 1 Mathematical notations and definitions.

Notations Definitions Notations Definitions

n
Number of

homogeneous
farmers

wc(w, q) Fry purchase price

q
Fry input quantity

by a farmer
w

Base purchase price
for minimum quality

K
Farming scale of a

farmer
p

Market price for adult
fish

q Fry quality level f (x)
Probability density

function

cF
Fry rearing cost

coefficient
F(x)

Cumulative
distribution function

r
Quality

improvement cost
coefficient

t(q) Adult fish output rate

s
Government’s unit
subsidy coefficient

t0
Impact coefficient of
fry quality on output

X
Random output

factor
j

Revenue-sharing
proportion

GS
Government
expenditure

SW Social welfare

pF
Farmer’s expected

profit
pC

Enterprise’s expected
profit
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rate, the enterprise is motivated to offer a higher purchase price to

counteract the conservative (low-quality) production strategy

adopted by the risk-averse, small-scale farmer. Nevertheless, since

the actual fry supply is capped by the scale constraint and cannot be

expanded, the enterprise is forced to pay a higher unit price, leading

to increased total expenditure. Consequently, the enterprise’s profit

ultimately decreases due to insufficient fry supply, inferior quality,

and rising costs.

Corollary 1 (2) indicates that when the farming scale is large (

K > KF1), the farmer’s fry input quantity and quality level decrease

as their risk aversion increases. This is because risk-averse farmers

prioritize the sustainability of their operation. Large-scale

production inputs and investments in high quality involve higher

cost and risk, which conflict with the goal of long-term stable

operation. Therefore, the farmer adjusts their production decisions,

reducing both input quantity and quality level to establish a more

robust farming model. In this process, the farmer’s profit declines,

both due to their voluntary reduction in production scale and the

consequent lower remuneration from the quality-based

procurement contract. Contrary to the conclusion in Corollary 1

(1), Corollary 1(2) reveals that when a large-scale farmer’s risk

aversion increases, the enterprise chooses to reduce the purchase

price. The reason is that the enterprise, as the Stackelberg leader,

anticipates that the farmer will reduce input and quality to mitigate

risk and cost. Leveraging its first-mover advantage in pricing, the

enterprise lowers the purchase price to adapt to the farmer’s revised

production decisions and maintain its own profit balance. However,

the reduction in the enterprise’s unit expenditure cannot fully offset

the negative impact caused by the decreased fry input quantity and

quality, so its profit level ultimately still shows a declining trend.
4.2 Input subsidy scenario

Under the input subsidy scenario, the government provides a

subsidy sqq to farmers based on fry input quantity q and quality q .
Compared to the benchmark, the enterprise’s expected profit

function remains unchanged (Equation 3). The farmer’s

stochastic profit function includes an additional government

subsidy term, which becomes Equation 4:

~pGIS
F (q, q) = (w + q)qX − 1

2 cFq
2 − 1

2 rq
2q + sqq

s : t :   q ≤ K
(4)

Applying the CVaR criterion, the farmer’s objective function

becomes Equation 5:

pGIS
F (q, q) ≡ CVaR(~pGIS

F (q, q))

= max
vGIS

vGIS +
1

1 − h
E½min (~pGIS

F − vGIS, 0)�
� �

(5)

Theorem 2 The equilibrium strategies under the input subsidy

scenario are:
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(1) When 0 < K ≤ KF2, qGIS* = K , qGIS* = s+mh
r , wGIS* =

2rcFK−(s+mh)
2

2rmh
, pGIS*

F = 1
2 cFK

2, pGIS*
C = nmcFK(2KF2−K)

mh
;

( 2 ) Wh e n K > KF2, qGIS* = KF2, qGIS* = s+mh
r , wGIS* =

2rcFKF2−(s+mh)
2

2rmh
, pGIS*

F = 1
2 cFK

2
F2, p

GIS*
C = nmcFK2

F2
mh

.

Here, KF2 =
(s+mh)(s+(2p−1)mh)

4rcF
.

To investigate the impact mechanism of the input subsidy

strategy on the land-sea relay system, we compare the decisions

under this scenario with the benchmark (Theorem 1) across

different farming scales, yielding Proposition 1.

Proposition 1 (1) qGIS* > qGNS*. If 0 < K ≤ KF1, then qGIS* =

qGNS*, wGIS* < wGNS*; if KF1 < K < K1, then qGIS* > qGNS*, wGIS* <

wGNS*; if K > K1, then qGIS* > qGNS*, wGIS* > wGNS*;

(2) pGIS*
C > pGNS*

C . If 0 < K ≤ KF1, then pGIS*
F = pGNS*

F ; if K >

KF1, then pGIS*
F > pGNS*

F .

Here, K1 =
2s2+4smh+(2p−1)m2

h
4rcF

.

Proposition 1 (1) indicates that the government’s input subsidy

effectively incentivizes farmers to improve fry quality. However,

when the farming scale is small ( 0 < K ≤ KF1), the fry input

quantity under the input subsidy equals that of the no-subsidy

case. In this case, the enterprise can acquire higher-quality fry at a

lower base price. The subsidy motivates farmers to exert more effort,

thus improving quality. Yet, physical constraints (facilities, sea area)

limit scale expansion, preventing farmers from achieving the profit-

maximizing input level. The small scale and limited overall output

mean even a lower price effectively incentivizes production. As scale

increases ( K > KF1), the input subsidy incentivizes farmers to

increase input quantity. Notably, the enterprise lowers the base

price for medium-scale farmers ( KF1 < K ≤ K1) but raises it for

large-scale farmers ( K > K1). In the enterprise-farmer game, the

enterprise, holding a stronger position, anticipates the subsidy will

spur greater farmer effort. It slightly reduces the price to increase its

own profit without dampening farmer enthusiasm. For large-scale

farmers, their scale advantage and ability to supply concentrated,

high-quality fry with subsidy support motivate the enterprise to

offer a higher price.

Proposition 1 (2) shows that the input subsidy increases the

enterprise’s profit. As analyzed, farmers exert more effort under the

subsidy, leading to a supply of higher-quality fry. This significantly

improves the output rate in the deep-sea aquaculture stage, ensures

smooth operation of the enterprise’s production plan, and

consequently yields higher expected profit for the enterprise.

When the farming scale is small ( 0 < K ≤ KF1), farmers cannot

fully utilize the government funds due to scale constraints, so their

profit remains unchanged. When the scale is large ( K > KF1), the

input subsidy effectively reduces the farmers’ cost burden,

incentivizes greater effort in the land-based fry rearing stage, and

increases their expected profit, thereby achieving coordination

between upstream and downstream segments of the supply chain.
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4.3 Purchase subsidy scenario

Under the purchase subsidy scenario, the government provides

a subsidy snqqX to the enterprise based on the quantity q and

quality q of fry purchased. To align incentives, the enterprise shares

a proportion j of the actual sales revenue with the farmers.

Compared to the benchmark, the farmer’s stochastic profit

function includes an additional revenue sharing term, which

becomes Equation 6:

~pGPS
F (q, q) = (w + q)qX − 1

2 cFq
2 − 1

2 rq
2q + jpt(q)qX

s : t :   q ≤ K
(6)

Applying the CVaR criterion, the farmer’s objective function

becomes Equation 7:

pGPS
F (q, q) ≡ CVaR(~pGPS

F (q, q))

= max
vGPS

vGPS +
1

1 − h
E½min (~pGPS

F − vGPS, 0)�
� �

(7)

The enterprise’s expected profit function includes the

government purchase subsidy, thus Equation 3 is rewritten as

Equation 8:

pGPS
C (w) = E½(1 − j)pt(q)nqX − (w + q)nqX + snqqX� (8)

Theorem 3 The equilibrium strategies under the purchase

subsidy scenario are:
Fron
(1) When 0 < K ≤ KF3, q
GPS* = K , qGPS* = mh(1+pj)

r , wGPS* =

2rcFK−(1+pj)2m2
h

2rmh
, pGPS*

F = 1
2 cFK

2, pGPS*
C = nmcFK(2KF3−K)

mh
;

(2) When K > KF3, qGPS* = KF3, qGPS* = mh(1+pj)
r , wGPS* =

2rcFKF3−(1+pj)2m2
h

2rmh
, pGPS*

F = 1
2 cFK

2, pGPS*
C = nmcFK2

F3
mh

.

Here, KF3 =
(1+pj)m2

h(2s+p(2−j)−1)
4rcF

.

To investigate the impact mechanism of the purchase subsidy

strategy, we compare the decisions under this scenario with the

benchmark (Theorem 1) across different farming scales, yielding

Proposition 2.

Proposition 2 (1) qGPS* > qGNS*. If 0 < K ≤ KF1, then qGPS* =

qGNS*, wGPS* < wGNS*; if KF1 < K < K2, then qGPS* > qGNS*, wGPS* <

wGNS*; if K > K2, then qGPS* > qGNS*, wGPS* > wGNS*;

(2) pGPS*
C > pGNS*

C . If 0 < K ≤ KF1, then pGPS*
F = pGNS*

F ; if K >

KF1, then pGPS*
F > pGNS*

F .

Here, K2 =
(2(p+pj(2+pj))−1)m2

h
4rcF

.

Proposition 2(1) indicates that the purchase subsidy to the

enterprise indirectly incentivizes farmers to improve fry quality.

Similar to the input subsidy, when the scale is small ( 0 < K ≤ KF1),

the fry input quantity remains the same as the benchmark due to

the constraint. The revenue-sharing contract transfers part of the

enterprise’s income to farmers, so even a lower base price effectively

incentivizes greater farming effort, allowing farmers to gain higher

shares from adult fish sales. As scale increases ( K > KF1), farmers,

anticipating increased demand from the subsidized enterprise,
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expand their input up to their capacity limit. For medium-scale

farmers ( KF1 < K ≤ K2), their input remains limited, so the

enterprise has an incentive to moderately reduce the purchase

price to prevent its profit margin from being excessively squeezed

by the high revenue sharing. For large-scale farmers ( K > K2), their

stronger position and production capacity motivate the enterprise

to offer a higher base price on top of revenue sharing, implementing

stronger incentives to encourage increased farming effort.

Proposition 2(2) shows that the purchase subsidy increases the

enterprise’s profit. The subsidy provides a stronger motive for the

enterprise to acquire high-quality fry, while the revenue-sharing

contract indirectly incentivizes farmers to increase effort, creating

extra profit for the entire supply chain. When the farming scale is

small ( 0 < K ≤ KF1), farmers cannot achieve the profit-maximizing

equilibrium due to the constraint, so the purchase subsidy does not

effectively increase their profit. When the scale is large ( K > KF1),

the government’s purchase subsidy to the enterprise, facilitated by

the revenue-sharing mechanism, more effectively incentivizes

farmers to increase effort, thereby significantly raising the

farmers’ profit level.
4.4 Comparative analysis of the two
government subsidy strategies

Based on the results from Theorems 2 and 3, we further analyze

the relative incentive effects and underlying mechanisms of the two

subsidy strategies under different revenue-sharing proportions and

farming scales.

Proposition 3 (1) If 0 < j ≤ j1, then qGIS* > qGPS*; otherwise,

qGIS* < qGPS*.

(2) If 0 < j ≤ j2, when 0 < K ≤ KF3, q
GIS* = qGPS*; when K >

KF3, q
GIS* > qGPS*. If j2 < j ≤ 1, when 0 < K ≤ KF2, q

GIS* = qGPS*;

when K > KF2, q
GIS* < qGPS*.

To visually illustrate Proposition 4, a schematic diagram

(Figure 2) is presented as shown below. Let Dq = qGIS* − qGPS*

and Dq = qGIS* − qGPS*. Relevant parameters and the proof process

can be found in the Appendix.

Proposition 3 (1) indicates that the incentive effect of the two

subsidy strategies on fry quality improvement is unaffected by the

farming scale constraint and depends solely on the revenue-

sharing proportion. When the revenue-sharing proportion is

low ( 0 < j ≤ j1), the input subsidy directly reduces the

farmer’s costs, strongly motivating them to improve fry quality

(Region Dq > 0 in Figure 2a). When the revenue-sharing

proportion is high ( j1 < j ≤ 1), the farmer receives a larger

share of the final sales revenue, making the returns from quality

improvement more substantial and thus making the purchase

subsidy a more effective incentive mechanism (Region Dq < 0

in Figure 2a).

Proposition 3 (2) shows that the incentive effect on fry input

quantity is influenced by both the revenue-sharing proportion and

the farming scale constraint. When the revenue-sharing proportion

is low ( 0 < j ≤ j2), farmers gain limited income from adult fish

sales, so the marginal benefit of increasing input is low. For large-
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scale farmers ( K ≥ KF3), the input subsidy directly reduces fry and

production costs, significantly incentivizing increased input

(Region Dq > 0 in Figure 2b). However, as the revenue-sharing

proportion increases, the cost-saving effect of the input subsidy is

diluted, and its advantage diminishes. When the revenue-sharing

proportion is high ( j2 < j ≤ 1), farmers hold a more favorable

position in profit distribution. Coupled with the enterprise’s

incentive to offer a higher price under the purchase subsidy, the

farmer’s expected profit increases, making the purchase subsidy

more effective in encouraging large-scale farmers ( K ≥ KF2) to

increase input (Region Dq < 0 in Figure 2b). Notably, when the

scale is small ( 0 < K < min KF2,KF3f g), the fry input has reached

the capacity upper limit under both strategies, and neither can

further stimulate input expansion; thus, their incentive effects are

equivalent (Region Dq = 0 in Figure 2b).

To examine whether the degree of risk aversion affects the

incentive effectiveness of the government subsidies, we analyze

Proposition 3 further, yielding Corollary 2.

Corollary 2 (1) ∂j1
∂h > 0; (2) ∂j2

∂h > 0.
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Corollary 2 indicates that as risk aversion increases, the

purchase subsidy requires a higher revenue-sharing proportion

(compared to the input subsidy) to effectively incentivize farmers

to increase production input. Higher risk aversion makes farmers

more conservative. Only when the revenue share is sufficiently large

can the purchase subsidy, by raising expected income, serve as an

effective indirect incentive. This acts as a risk compensation

mechanism: the enterprise increases the revenue share, allowing

the farmer to maintain lower-risk production inputs while receiving

sufficient economic return, thus mitigating the lack of production

motivation caused by excessive risk aversion.

Further exploring the impact of the two subsidy strategies on

farmer profit, enterprise profit, and social welfare across different

revenue-sharing proportion and Farming scale yields Proposition 4.

With the adult fish price p being exogenous, consumer surplus

translates into centralized supply chain benefit, thus social welfare is

SWi = np i
F + p i

C − GSi.

Proposition 4 (1) If 0 < j ≤ j2, p
GIS*
C > pGPS*

C ; when 0 < K ≤

KF3, p
GIS*
F = pGPS*

F , when K > KF3, p
GIS*
F > pGPS*

F . If j2 < j ≤ 1,
FIGURE 3

(a–c) Comparison of profit in the deep-sea aquaculture system under the two subsidy strategies (n = 10, p = 3000, cF = 0:1, r = 1600, s = 300, h =
0:2, X follows a uniform distribution on the interval ½0, 1�).
FIGURE 2

(a, b) Comparison of farmer production decisions under the two subsidy strategies (n = 10, p = 3000, cF = 0:1, r = 1600, s = 300, h = 0:2, X follows
a uniform distribution on the interval ½0, 1�).
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pGIS*
C < pGPS*

C ; when 0 < K ≤ KF2, p
GIS*
F = pGPS*

F , when K > KF2,

pGIS*
F < pGPS*

F .

(2) If 0 < j ≤ j1, SW
GIS* > SWGPS*; if j1 < j ≤ ja, when 0 <

K ≤ K3, SW
GIS* < SWGPS*, when K > K3, SW

GIS* > SWGPS*; if ja

< j ≤ 1, SWGIS* < SWGPS*.

To visually illustrate Proposition 4, a schematic diagram

(Figure 3) is presented as shown below. Let DpF = pGIS*
F − pGPS*

F

and DpC = pGIS*
C − pGPS*

C . Relevant parameters and the proof

process can be found in the Appendix.

Proposition 4(1) shows that when the revenue-sharing

proportion is low ( 0 < j ≤ j2), the input subsidy brings more

profit to the enterprise (Region DpC > 0 in Figure 3b). When the

revenue-sharing proportion is high ( j2 < j ≤ 1), the purchase

subsidy brings more profit to the enterprise (Region DpC < 0 in

Figure 3b). Intuitively, a low revenue-sharing proportion means the

enterprise gives up less revenue from final sales. However, the

finding that the enterprise prefers the input subsidy when the

revenue-sharing proportion is low might stem from the purchase

subsidy with low the revenue-sharing proportion reducing farmer

enthusiasm, leading to a lack of high-quality fry and thus lower

overall supply chain profit. Similarly, when the revenue-sharing

proportion is low ( 0 < j ≤ j2), farmers profit more from the input

subsidy (Region DpF > 0 in Figure 3a), and when the revenue-

sharing proportion is high ( j2 < j ≤ 1), they profit more from the

purchase subsidy (Region DpF < 0 in Figure 3a). This is because,

under low revenue-sharing proportion, farmers gain little from the

revenue-sharing contract; their profit comes mainly from selling fry.

The purchase subsidy under low revenue-sharing proportion might

lower farmers’ profit expectations and weaken their motivation,

whereas the input subsidy directly reduces their burden and

increases profit potential, incentivizing effort. Thus, farmers

prefer the input subsidy when the revenue-sharing proportion is

low and the purchase subsidy when the revenue-sharing proportion

is high. Notably, when the farming scale is small ( 0 < K <
Frontiers in Marine Science 10
min KF2,KF3f g), farmer profit is equal under both strategies

(Region DpF = 0 in Figure 3a) because the scale constraint binds,

preventing profit-maximizing decisions.

Proposition 4(2) indicates that when the revenue-sharing

proportion is low ( 0 < j ≤ ja), the input subsidy generally

improves social welfare more effectively (Region DSW > 0 in

Figure 3c). Based on Propositions 3 and 4(1), under low revenue-

sharing proportion, the input subsidy leads to fry quality and input that

are no worse than under the purchase subsidy, bringing higher profits

to both farmers and the enterprise and creating extra profit for the

entire supply chain. Particularly, when the revenue-sharing proportion

is medium ( j1 < j ≤ ja) and the scale is small ( 0 < K ≤ K3),

farmers struggle to utilize the cost compensation mechanism fully. The

purchase subsidy, aided by revenue sharing, alleviates the lack of

incentive under scale constraints, achieving a local Pareto

improvement in welfare. When the revenue-sharing proportion is

high ( ja < j ≤ 1), the purchase subsidy improves social welfare

more significantly (Region DSW < 0 in Figure 3c). A high revenue-

sharing proportion effectively indirectly incentivizes farmers to

improve quality. Furthermore, supported by the purchase subsidy,

the enterprise is motivated to offer a higher price, incentivizing large-

scale farmers to supply high-quality fry. This synergy significantly

increases the output rate in the deep-sea stage and the overall profit of

the supply chain, leading to greater social welfare gains.

Based on this, we characterize the advantage intervals of the two

subsidy strategies from the perspectives of revenue-sharing

proportion and farming scale constraint, yielding Corollary 3.

Corollary 3 The set I = (j,K) j (0 < j ≤ j1,K > 0)f g ∪
(j ,K)f j(j1 < j ≤ ja,K > K3)g is the advantage interval for the

input subsidy strategy. The set II = (j,K) (j2 < j ≤ 1,K > 0)j gf is

the advantage interval for the purchase subsidy strategy. To visually

illustrate Corollary 3, a schematic diagram (Figure 4) is presented as

shown below.

In Interval I, the input subsidy brings more profit to both

farmers and the enterprise (is Pareto superior or equivalent) and

also leads to better social welfare, indicating coordinated multi-

party improvement. In Interval II, the purchase subsidy is the better

choice for achieving Pareto improvement and multi-party wins. In

Intervals III and IV, the input subsidy brings more profit to the

enterprise and the farmer (is Pareto superior or equivalent), but the

input subsidy strategy does not maximize social welfare. Therefore,

the government should focus on the input subsidy strategy when

the revenue-sharing proportion is low, and consider the purchase

subsidy strategy more when the revenue-sharing proportion is high.

The impact of the farming scale constraint must be fully considered

to avoid deviations from the expected policy outcomes. Thus,

Corollary 3 provides a concrete decision-making basis for the

government to formulate differentiated subsidy strategies.
5 Extension: nonlinear adult fish
output rate

This section extends the model by assuming a nonlinear adult

fish output rate, t(q), with ∂ t(q)= ∂ q > 0 and ∂2 t(q)= ∂ q2 < 0,
FIGURE 4

Advantage intervals of the government subsidy strategies (n = 10, p
= 3000, cF = 0:1, r = 1600, s = 300, h = 0:2, X follows a uniform
distribution on the interval ½0, 1�).
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meaning the marginal improvement in the output rate diminishes

as fry quality increases, a common assumption in literature (Qian

and Olsen, 2022; Li et al., 2024). Specifically, we define t(q) = t0qa ,

where a ∈ (0, 1). The optimal equilibrium solutions under this

nonlinear function become analytically complex. Therefore, we

employ numerical simulations to illustrate the synergistic effects

of the revenue-sharing proportion and farming scale on the

government’s subsidy strategy and to verify that the core findings

from the theoretical model (with linear output) remain valid.
5.1 Impact of revenue share and farming
scale on fry input quantity

Let DqGIS* = qGIS* − qGNS* and DqGPS* = qGPS* − qGNS*. Based

on the values of DqGIS* and DqGPS* under different government

subsidy strategies, fitting is performed and Figure 5 is plotted.

Figure 5 shows that the optimal input quantity Dqi* first

increases linearly with the farming scale and then stabilizes.

When the scale is small ( 0 < K < min KF2,KF3f g), the input

quantity is constrained by capacity, preventing farmers from

achieving their profit-maximizing equilibrium under either

subsidy. The incentive effects of both strategies are equivalent

here, because the low base output and limited potential for total

revenue growth, which means subsidies have a limited impact on

expanding the production scale. When the scale is large ( K >

min KF2,KF3f g) and the revenue-sharing proportion is low ( 0 <

j ≤ j2), the input subsidy more effectively incentivizes farmers to

increase their fry input. Conversely, when the revenue-sharing

proportion is high ( j2 < j ≤ 1), the purchase subsidy is more

effective at encouraging increased input.

Our findings reveal that the effectiveness of government subsidy

strategies is highly dependent on the internal benefit distribution

mechanism within the supply chain. When supply chain

coordination is weak (i.e., the revenue-sharing proportion is low),

direct production-side subsidy (input subsidy) serves as a more
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reliable incentive tool. Conversely, when enterprise is willing to

establish a deep community of interests with farmers (i.e., the

revenue-sharing proportion is high), subsidy tied to market

outcomes (purchase subsidy) can achieve maximum effectiveness

through a “leverage effect”.
5.2 Impact of revenue share and farming
scale on farmer profit

Let DpGIS*
F = pGIS*

F − pGNS*
F and DpGPS*

F = pGPS*
F − pGNS*

F . Based

on the values of DpGIS*
F and DpGPS*

F under different government

subsidy strategies, fitting is performed and Figure 6 is plotted.

Figure 6 shows that under both subsidies, farmer profit Dp i*
F

increases with the farming scale, exhibiting increasing marginal returns

before stabilizing. Figure 6a shows that when the revenue-sharing

proportion is low ( 0 < j ≤ j2), the input subsidy yields higher profit

for large-scale farmers ( K > KF3). This aligns with Proposition 4(1):

under a low revenue-sharing proportion, farmers gain little indirect

benefit from the purchase subsidy, while the input subsidy directly

reduces production costs and increases profit. Figure 6b shows that

when the revenue-sharing proportion is high ( j2 < j ≤ 1), the

purchase subsidy yields higher profit for large-scale farmers ( K >

KF2). Notably, when the scale is small ( 0 < K < min KF2,KF3f g),
farmer profit is equal under both strategies (DpGIS*

F = DpGPS*
F ) as the

binding constraint dominates.

This phenomenon highlights the divergent empowerment

pathways of different subsidy strategies on farmers’ income. Input

subsidy function as an “ex-ante safeguard,” directly reducing

production costs to enhance profit margins for farmers. In

contrast, the combination of purchase subsidy and revenue-

sharing operates as an “ex-post incentive,” whose efficacy depends

on whether farmers can secure a sufficient share of the final market

value. As observed in the numerical results of Figure 6b, for farmers

who have achieved a certain scale and can participate in value

distribution, purchase subsidy offers a higher income ceiling.
FIGURE 5

Impact of revenue-sharing proportion and farming scale on farmer’s fry input quantity (n = 10, p = 3000, cF = 0:1, r = 1600, s = 300, t0 = 0:8, h =
0:2, a = 2=3, X follows a uniform distribution on the interval ½0, 1�). (a) 0 < j ≤ j2. (b) j2 < j ≤ 1.
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5.3 Impact of revenue share and farming
scale on enterprise profit

Let DpGIS*
C = pGIS*

C − pGNS*
C and DpGPS*

C = pGPS*
C − pGNS*

C . Based

on the values of DpGIS*
C and DpGPS*

C under different government

subsidy strategies, fitting is performed and Figure 7 is plotted.

Figure 7 shows that the enterprise’s profit Dp i*
C increases with

the farming scale under both subsidies, with the growth rate

gradually slowing. Comparing Figures 7a, b reveals that the

revenue-sharing proportion is a key factor influencing the

enterprise’s preference. Figure 7a shows that when the revenue-

sharing proportion is low ( 0 < j ≤ j2), the enterprise prefers the

input subsidy. This aligns with Proposition 4(1): the input subsidy

lowers farmers’ costs, incentivizing greater input and ultimately

increasing enterprise profit. Figure 7b shows that when the revenue-

sharing proportion is high ( j2 < j ≤ 1), the enterprise prefers the

purchase subsidy. In this case, the high revenue share effectively
Frontiers in Marine Science 12
incentivizes farmers to increase their effort and input, creating a

win-win situation that boosts enterprise profit.

Enterprise’s strategic preferences reflect its optimal choices under

different contexts. Under low revenue-sharing conditions, enterprise

essentially treats farmers as “suppliers,” where input subsidy most

effectively helps reduce upstream procurement costs. Under high

revenue-sharing conditions, the relationship between enterprise and

farmers resembles a “partnership,”where purchase subsidy incentivizes

partners to improve input quality. Even if enterprise needs to share a

portion of its revenue, its total income can still achieve growth.
5.4 Impact of revenue share and farming
scale on social welfare

Let DSWGIS* = SWGIS* − SWGNS* and DSWGPS* = SWGPS* − S

WGNS*. Based on the values of DSWGIS* and DSWGPS* under
FIGURE 7

Impact of revenue-sharing proportion and farming scale on enterprise’s profit (n = 10, p = 3000, cF = 0:1, r = 1600, s = 300, t0 = 0:8, h = 0:2, a =
2=3, X follows a uniform distribution on the interval ½0, 1�). (a) 0 < j ≤ j2 (b) j2 < j ≤ 1.
FIGURE 6

Impact of revenue-sharing proportion and farming scale on farmer’s profit (n = 10, p = 3000, cF = 0:1, r = 1600, s = 300, t0 = 0:8, h = 0:2, a = 2=3, X
follows a uniform distribution on the interval ½0, 1�). (a) 0 < j ≤ j2. (b) j2 < j ≤ 1.
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different government subsidy strategies, fitting is performed and

Figure 8 is plotted.

Figure 8 shows that social welfare DSWGIS* and DSWGPS*

follows a pattern similar to enterprise profit in Figure 7: it

increases slowly with the farming scale under subsidy before

stabilizing. This is because welfare and profit are highly sensitive

to scale expansion when farming scale is small, but the growth rate

diminishes due to resource constraints and market saturation as

scale increases further. Figure 8a shows that when the revenue-

sharing proportion is low ( 0 < j ≤ j1), the input subsidy leads to

higher social welfare. Figure 8b shows that for a medium revenue-

sharing proportion ( j1 < j ≤ ja) and a small farming scale ( 0 <

K ≤ K3), the purchase subsidy results in higher social welfare.

Figure 8c shows that when the revenue-sharing proportion is

high ( j2 < j ≤ 1), the purchase subsidy improves social welfare

more significantly.

Maximizing social welfare is the ultimate goal of government

decision-making. Our numerical analysis reveals a dynamic

pathway to achieve this objective. In the early stages of industrial

development or under loose cooperation (small scale, low revenue-

sharing), the government’s primary goal is to ensure supply stability

and production foundations. At this stage, input subsidy is a more

direct and effective tool, as it can quickly stimulate production and

prevent supply chain disruptions. As the industry matures and

collaborative mechanisms are established (large scale, high revenue-

sharing), policy objectives should shift toward enhancing the

efficiency and value of the entire industrial chain. At this point,

purchase subsidy, through market-linked incentive mechanisms,

can more precisely drive high-quality production, thereby achieving

the maximization of social welfare.
6 Conclusion

In recent years, to implement the concept of diverse food

sources and expand the production capacity of the blue food

granary, coastal regions in China such as Shandong, Fujian,

Guangdong, and Zhejiang have actively explored the land-sea
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relay aquaculture mode and vigorously developed deep-sea

aquaculture. However, challenges such as the long cycle and high

risk of land-based fry rearing, coupled with unfair profit

distribution, dampen farmers’ enthusiasm for producing high-

quality fry. This creates an operational risk of disruption in deep-

sea aquaculture due to a shortage of quality fry. This study addresses

the two-stage relay system comprising land-based fry rearing and

deep-sea aquaculture. By modeling the impact mechanism of fry

quality on the adult fish output rate, we construct a two-stage game-

theoretic model for three scenarios: no subsidy, input subsidy, and

purchase subsidy. We compare and analyze the effects of these

government subsidy strategies on the decisions, profits, and social

welfare of supply chain members. Our findings are:
(1) Under the government subsidy, the enterprise adopts

differentiated pricing based on farmer scale, offering lower

prices to small-scale farmers and higher prices to large-scale

ones. Both input and purchase subsidies effectively

incentivize farmers to improve fry quality and increase

supply. Notably, when farmers operate at their scale

constraint upper limit, their fry input quantity is

u n a ff e c t e d b y t h e s u b s i d y s t r a t e g y o r t h e

enterprise’s decision.

(2) The comparative advantage of a subsidy strategy depends

on the revenue-sharing proportion and the farming scale

constraint. The farmer’s risk aversion degree influences the

threshold for the revenue-sharing proportion, which

increases as risk aversion grows.

(3) We characterize the advantage intervals for both strategies

based on the revenue-sharing proportion and farming scale

constraint. Specifically, the government should prioritize

the input subsidy when the revenue-sharing proportion is

low and consider the purchase subsidy more when the

revenue-sharing proportion is high. This provides concrete

guiding principles for subsidy strategy selection.
Currently, as Chinese coastal regions vigorously develop deep-

sea aquaculture. The research supports a phased policy roadmap:
FIGURE 8

Impact of revenue-sharing proportion and farming scale on social welfare (n = 10, p = 3000, cF = 0:1, r = 1600, s = 300, t0 = 0:8, h = 0:2, a = 2=3,
X follows a uniform distribution on the interval ½0, 1�). (a) 0 < j ≤ j1. (b) j1 < j ≤ ja . (c) j2 < j ≤ 1.
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initial-stage input subsidy to secure production foundations,

transitioning to mature-stage purchase subsidy with revenue-

sharing to drive quality and value. This adaptive approach

ensures optimal social welfare outcomes by aligning government

intervention with industry evolution. This study has two main

limitations due to necessary modeling simplifications. First, the

assumption of homogeneous risk-averse farmers simplifies analysis

but overlooks real-world heterogeneity in operation scale, risk

tolerance, and technology adoption, potentially affecting revenue-

sharing contract design and policy evaluation accuracy. Second,

while focusing on production risks in land-based fry rearing, the

model excludes production risks in deep-sea grow-out phases and

market risks from concentrated harvests. Future research should

examine how these risks propagate through the supply chain and

affect operational decisions and policy design in land-sea relay

aquaculture systems.
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