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Abstract

In advancing the green transformation of the livestock industry, whether “carrots” or
“sticks” prove more effective remains to be further tested. Drawing on micro-level survey
data from 273 beef cattle farmers in Yunnan Province, China, this study employs farmers’
subjective evaluations of green subsidies and environmental regulation intensity to char-
acterize corresponding policy instruments. An ordered Probit model is used to analyze
the impact and underlying mechanisms of green subsidies and environmental regulations
on farmers’ green production behaviors. Results indicate: (1) Both green subsidies and
environmental regulations promote green production practices among beef cattle farmers,
with green subsidies demonstrating stronger effects that remain robust across a series of
stability tests. (2) Heterogeneity analysis reveals that both policy instruments positively
influence various types of green production behaviors, with the most significant effect
observed on manure resource utilization. This effect is stronger among risk-preferring
farmers and those participating in cooperatives. Furthermore, green subsidies significantly
promote green production behaviors among small and medium-sized farmers, while envi-
ronmental regulations enhance green production behaviors across all farmer sizes, with
larger farmers experiencing stronger effects. (3) Mechanism analysis indicates that green
subsidies and environmental regulations primarily promote green production practices by
encouraging farmers to participate in green training, build green facilities, and enhance
their green awareness. (4) Further analysis reveals no synergistic effects between green
subsidies and environmental regulations. The research conclusion of this study can provide
a reference for optimizing policy tool combinations in regions with similar beef cattle
farming structures and regional characteristics.

Keywords: green production behavior; environmental policy; animal husbandry; order
probit model; beef cattle breeding

1. Introduction
In recent years, the issue of carbon emissions in the global livestock industry has

become increasingly prominent. According to the 2023 report of the Food and Agriculture
Organization of the United Nations (FAO), livestock-related greenhouse gas emissions
accounted for approximately 12% of total anthropogenic greenhouse gas emissions world-
wide in 2015. China’s livestock industry is also facing severe pressure to reduce emissions.
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The First Biennial Transparency Report on Climate Change in the People’s Republic of
China indicates that agricultural greenhouse gas emissions accounted for 6.5% of the na-
tional total in 2021, while emissions from animal husbandry represented more than half of
agricultural production emissions. Among them, beef cattle and pig farming are considered
the key drivers of carbon emissions from animal husbandry [1]. Unlike pig farming, beef
cattle, as a typical ruminant animal, have significantly higher greenhouse gas emissions
per unit product [2,3]. In this context, promoting the green transformation of the beef cattle
breeding industry has become a crucial pathway for achieving low-carbon development
in agriculture.

However, China’s beef cattle breeding industry still faces numerous challenges in
its process of green transformation. Firstly, from the perspective of production structure,
beef cattle breeding is still mainly based on family operation and small-scale free-range
farming [4], which are often characterized by fragmented production, inadequate infras-
tructure, and limited access to information and advanced technologies [5], objectively
restricting the promotion and application of green production technology. Secondly, from
the perspective of industry incentives, green production often requires cattle farmers to
bear higher financial, technological, and management inputs in the short term, while the
associated environmental and economic benefits are often delayed and uncertain [6,7]. Due
to resource endowment and cognitive level, small and medium-sized cattle farmers have
a relatively insufficient understanding of the externalities of greenhouse gas emissions
and tend to pursue immediate yield and price benefits, thereby weakening their intrinsic
motivation to participate in green transformation [8]. In addition, green production behav-
ior has significant positive externalities and public goods attributes, making it difficult to
achieve a socially optimal allocation solely through market-based price mechanisms [9,10].
Therefore, it is necessary to incentivize and regulate the green behavior of cattle breeding
entities through policy tools.

The existing literature generally believes that the government mainly plays a role
in agricultural environmental governance through two types of policy tools. One is the
incentive tool represented by green subsidies and reward policies, commonly known as
“carrots”, and the other is the constraint tool centered on environmental supervision and
punishment, known as “sticks”. These two policy instruments differ substantially in their
mechanisms and behavioral impact pathways. Subsidies, as a typical economic incentive,
can alleviate the financial constraints of farmers in green investment, facility renovation,
and environmental governance by compensating costs and increasing expected returns,
thereby enhancing the endogenous driving force of green production [11]. Numerous
studies have found that subsidy policies can effectively promote farmers to adopt energy-
saving, emission-reducing, and environmentally friendly production technologies [12–14],
and have a significant positive effect on the construction of manure treatment facilities
and the promotion of ecological breeding models in the field of animal husbandry [15].
However, at the same time, some studies also indicate that subsidies may induce un-
intended consequences, such as subsidy dependence, adverse selection, and efficiency
decline, and may even lead to behavioral rebound or environmental deterioration after
policy withdrawal, thereby weakening their long-term effects [16,17]. In contrast, reg-
ulations and punishment are constraint-based tools that increase the cost of violations,
strengthen compliance constraints and risk perception, and encourage breeding entities to
adjust their production behavior under external pressure. Related studies have shown that
regulatory constraints are often more stringent and immediate in promoting the greening
of entities, which can, to some extent, suppress pollution behavior and force technological
upgrades [18,19]. Nevertheless, in areas where small-scale farmers dominate, grassroots
regulatory capacity is limited, and information asymmetry is prominent; excessive reliance
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on punishment may trigger resistance and avoidance behavior, and even lead to production
withdrawal, thereby weakening the long-term effect of policies [20]. From this, it can be
seen that both “carrots” and “sticks” have their own advantages and limitations, and there
is no consensus on their relative effectiveness. Furthermore, subsidies and penalties do not
work in isolation, and there may be complex combination effects such as complementarity,
substitution, or a threshold between the two. However, existing research mostly focuses
on green innovation at the enterprise level, and Systematic identification of agricultural
environmental governance, particularly at the micro-level of cattle breeding households’
behaviors, remains insufficient.

Existing research provides important theoretical references for this paper, but there is
still a lack of systematic empirical analysis examining the synergistic and comparative ef-
fects of green subsidies and environmental regulations on cattle farmers’ green production
behaviors. Therefore, against the backdrop of China’s beef cattle industry being dominated
by small-scale, dispersed operations, can green subsidies and environmental regulations
promote green production behaviors among cattle farmers? Do synergistic or crowding-out
effects exist between the two? Which is more effective—the “carrot” or the “stick”? Through
what pathways do green subsidies and environmental regulations influence cattle farmers’
green production behaviors? Based on these questions, this paper utilizes micro-level
survey data collected from cattle farmers in Xundian County in September 2023 by the
research team. It employs an Order Probit model to empirically examine the effects of
green subsidies and environmental regulations, as well as their synergistic effects, on cattle
farmers’ green production behaviors. Furthermore, the study explores the heterogeneity in
policy effects across different types of green production behaviors, farming scale, and risk
preferences. Compared to existing research, this paper’s main contributions are threefold:
First, in terms of research perspective, existing literature primarily analyzes the impact of
policy instruments on individual green production behaviors from the policy implemen-
tation or institutional supply level, with research subjects mainly focused on industrial
and commercial entities or crop farming households, while relatively little attention has
been paid to the green production behaviors of beef cattle farmers. This study adopts
a micro-level perspective of farmers’ policy perceptions to examine the effects of green
subsidies and environmental regulations on cattle farmers’ green production behaviors,
aligning more closely with actual farmer decision-making processes and filling a research
gap in this area. Second, at the policy instrument level, this study explicitly distinguishes
between incentive-based and constraint-based policy tools. It not only examines the sep-
arate effects of green subsidies and environmental regulations on cattle farmers’ green
production behaviors but also further explores their synergistic effects, providing more
comprehensive empirical evidence for understanding how different policy tool configu-
rations influence farmers’ green production behaviors. Third, at the data level, this study
analyzes micro-level survey data collected from cattle farmers in Xundian County, China.
Located in a mountainous region, Xundian County is characterized by predominantly
small-to-medium-scale farming operations. It faces both the practical demands of ensuring
stable livestock production and supply, as well as pressures related to ecological governance
and green transition, making its policy implementation context relatively representative.
The findings of this study can provide a reference for optimizing policy tool combinations
at the grassroots level and enhancing the green governance performance of the beef cattle
farming industry, offering valuable insights for promoting the sustainable development of
the livestock sector.

The remaining parts of this study are as follows: Section 2 presents the theoretical
analysis and develops research hypotheses. Section 3 describes the data sources, variable
definitions, and model specifications. Section 4 reports the empirical results. Section 5
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further examines the synergistic effects of green subsidies and environmental regulations.
Section 6 discusses the main findings, identifies the limitations of this study, and out-
lines directions for future research. Section 7 summarizes the conclusions and proposes
corresponding policy recommendations.

2. Theoretical Analysis and Research Hypotheses
2.1. Analysis of the Impact of Green Subsidies and Environmental Regulations on the Green
Production Behavior of Cattle Farmers

Against the backdrop of agricultural green transformation, government intervention
is regarded as a crucial institutional tool for correcting the negative externalities of agri-
cultural production and guiding farmers toward green production practices. According
to institutional economics, governments can influence farmers’ production decisions by
reshaping their structures through incentive-based and regulatory policy instruments [21].
As an incentive-based policy tool, green subsidies can directly reduce the initial invest-
ment costs and risk levels associated with adopting green production practices among
cattle farmers through financial assistance, incentive-based subsidies, or technical support.
This enhances the relative returns of green production methods, thereby strengthening
farmers’ endogenous motivation to adopt green technologies and sustain green production
practices [11,22]. Furthermore, environmental regulations, as constraint-based policy instru-
ments, can increase the compliance costs of non-green production practices by establishing
livestock pollution discharge standards and strengthening environmental enforcement
oversight. This compels farmers to adjust their farming methods and management practices
to meet regulatory requirements [23,24]. However, since green production often entails
additional inputs and technical barriers, its policy effectiveness largely depends on farm-
ers’ resource endowments and capacity to bear costs. Particularly in developing regions
dominated by small-to-medium-scale cattle farmers, households commonly face financial
and technological constraints and exhibit high risk aversion. Green subsidies alleviate
these constraints while providing positive incentives, exerting a more direct and stable
behavioral guidance effect that better motivates cattle farmers to voluntarily adopt green
production practices [20,25]. The specific graphical logic can be seen in Figure 1 below.
Based on the above analysis, this study proposes Hypothesis H1:

H1: Both green subsidies and environmental regulations promote green production practices among
cattle farmers, but green subsidies exert a stronger promotional effect.

2.2. Analysis of the Mechanism by Which Green Subsidies and Environmental Regulations
Influence Green Production Practices Among Cattle Farmers

The theory of bounded rationality posits that individuals face constraints in decision-
making processes due to factors such as information access, cognitive capacity, and be-
havioral capabilities, making it difficult to achieve perfectly rational choices [26]. Against
this backdrop, external policy tools can reduce the complexity and uncertainty of green
decision-making for cattle farmers, thereby driving their production decisions towards
green adjustments. Specifically, green subsidies and environmental regulations mainly
promote green production practices by encouraging cattle farmers to participate in green
training, establishing green production facilities, and enhancing their green awareness.
First, regarding training mechanisms, green subsidies reduce the opportunity costs for
cattle farmers to acquire green production knowledge and receive technical guidance
through financial support and public service provision. This enhances their willingness and
effectiveness in participating in green training and absorbing extension services, thereby
promoting the accumulation of human capital and improving the accessibility of technol-
ogy [27–29]. The improvement of human capital and the enhancement of technological
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accessibility can translate into actual green production capacity, thereby promoting farmers’
green production. Concurrently, environmental regulations create institutional pressure
through inspections, compliance requirements, and enforcement communication, prompt-
ing farmers to proactively seek technical guidance and green training support to mitigate
violation risks [30]. Second, regarding facility mechanisms, green production often relies on
essential physical infrastructure. Green subsidies alleviate financial constraints and lower
the threshold for one-time fixed asset investments, significantly increasing the probability
and intensity of farmers’ green facility construction. This provides a more stable foundation
for implementing green production practices [31]. Additionally, environmental regulations
can increase the anticipated costs of non-compliance through emission standards, breed-
ing restrictions, and compliance inspections, compelling farmers to upgrade facilities for
compliant production and thereby promoting green practices among cattle farmers [32,33].
Finally, regarding cognitive mechanisms, green subsidies improve farmers’ expectations
regarding the costs and benefits of green production through stable economic support and
clear policy signals. This enhances their trust in green technologies and policy credibility
to some extent, thereby increasing their intrinsic willingness to adopt green production
practices [34,35]. Environmental regulations, through emission standards, enforcement
oversight, and liability constraints, enable farmers to more clearly recognize the potential
economic losses and operational risks associated with polluting behaviors. This prompts
them to incorporate environmental consequences into decision-making and reinforces their
understanding of the necessity and compliance requirements of green production [24,36].
The specific graphical logic can be seen in Figure 1 below. In summary, this paper proposes
Hypothesis H2:

H2: Green subsidies and environmental regulations promote green production practices among
cattle farmers by encouraging participation in green training, facilitating the construction of green
facilities, and enhancing green awareness.

2.3. Analysis of Synergistic Effects of Green Subsidies and Environmental Regulations on Green
Production Practices Among Cattle Farmers

The traditional “Porter hypothesis” posits that modest yet stringent environmental
regulations can drive technological progress by compelling firms to improve both envi-
ronmental and economic performance. Concurrently, green subsidies provide positive
incentives for economic actors to adopt green production practices by alleviating financing
constraints and reducing innovation risks. Theoretically, therefore, these two approaches
should generate a synergistic “carrot-and-stick” effect [37,38]. However, this mechanism
typically requires stable policy expectations, accessible technologies, and scaled organiza-
tional structures. For small-scale, capital-constrained beef cattle farmers, environmental
regulations are more likely to manifest as increased compliance costs and heightened
operational uncertainty, making it difficult to translate into short-term benefits. Under
these circumstances, the primary function of green subsidies is not to amplify innovation
incentives under regulatory pressure, but rather to offset the additional compliance costs
imposed by regulations—that is, to exert a “compensatory effect” rather than an “incentive
spillover effect” [39]. The specific graphical logic can be seen in Figure 1 below. In summary,
this paper proposes Hypothesis H3:

H3: The Green subsidies and environmental regulations do not exhibit significant synergistic effects.
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Figure 1. Theoretical Framework And Hypotheses.

3. Methods
3.1. Study Area

The research area is situated in Xundian Hui and Yi Autonomous County, northeast
of Kunming City, Yunnan Province, China. It is situated in the transitional zone from the
central Yunnan Plateau to the Wumeng Mountains, with the terrain mainly consisting
of plateau mountains and hills. The distribution of villages is relatively scattered, and
agricultural production presents typical characteristics of strong resource constraints and
diverse management entities. The specific location is shown in Figure 2 below. Animal
husbandry is one of the pillar industries of the agricultural economy in Xundian County.
According to the Statistical Yearbook of Xundian County 2024, the output value of animal
husbandry in the county was 2238.82 million yuan in 2024, accounting for 34.5% of the total
agricultural output value and occupying an important position in the county’s agricultural
structure. Among them, the beef cattle industry is the core part of animal husbandry.
The inventory and output of beef cattle in this county rank among the top in Yunnan
Province, and a relatively complete industrial chain covering breeding, processing, and
sales has been formed. As an important beef cattle production base in southwestern China,
Xundian County has a typical industrial organization form, based on scattered breeding of
small and medium-sized farmers, while the main body of large-scale breeding continues
to develop, presenting a production model of “coexistence of scattered breeding of small
farmers and large-scale breeding”. Its farmer production and governance response has
strong representativeness.

Figure 2. Study Area.
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3.2. Data Source

The research data comes from a micro household survey of beef cattle farming house-
holds conducted by the research team in Xundian Hui and Yi Autonomous County, Yunnan
Province, in September 2023. The beef cattle breeding industry in Xundian County is
relatively concentrated, covering a wide range of towns and villages, with certain regional
typicality and representativeness, making it easy to observe the green production behavior
of cattle farmers. The survey adopts a combination of stratified sampling and random
sampling methods. Firstly, randomly select 1–3 sample villages within the county based
on the scale and concentration of breeding. Subsequently, 1–3 beef cattle breeding clusters
were selected in each sample village; Finally, 5–10 cattle farmers will be selected through
simple random sampling within each gathering area. To ensure data quality, the survey
adopts a one-on-one interview format, where the investigator first explains concepts such
as green production to the respondents, and then fills out the questionnaire after they fully
understand. The survey mainly includes three parts: basic information of cattle farmers and
families, breeding and operation situation, and green production behavior and cognition. A
total of 290 questionnaires were distributed for the survey, and 286 were actually collected.
After excluding invalid questionnaires, 273 valid questionnaires were obtained, with an
effective response rate of 95.45%. The sample basically covers the main beef cattle breeding
areas in Xundian County, and the sample distribution is consistent with the local breeding
structure, with strong representativeness.

3.3. Variable Settings
3.3.1. Explained Variable

Referring to existing research on green production behavior of Breeding farmers [40–42],
this paper posits that green production behavior among cattle farmers refers to a set of
environmentally friendly, resource-efficient, and health-oriented production activities un-
dertaken during beef cattle farming. These practices aim to reduce environmental pollution,
enhance resource utilization efficiency, ensure livestock product quality and safety, and
promote sustainable development in the livestock industry. These practices span the entire
production cycle, encompassing input management, disease prevention, environmental
control, and waste disposal. Their core objective is to achieve a harmonious balance of
economic, social, and ecological benefits, specifically manifesting in four dimensions: ratio-
nal feeding practices, scientific disease control, standardized management, and manure
resource utilization. Based on the types of green production technologies in Xundian
County and the characteristics of local beef cattle farming, this paper further subdivides the
aforementioned four dimensions into 12 behavioral characteristics. These include whether
to adopt feed comprehensive utilization technology, whether to understand the hazards of
prohibited drugs and additives, and whether to breed improved beef cattle breeds. Specific
definitions are provided in Table 1 below. Given the systemic and continuous nature of
green production practices, the presence of a single behavioral characteristic may not fully
reflect whether a farmer genuinely implements the corresponding green practice within a
dimension. To avoid misclassifying incidental or fragmented actions as green production
practices, this study employs stricter criteria at the secondary indicator level: a farmer is
deemed to have implemented a green production practice and assigned a value of 1 only
when two or more practices exist within a given dimension; otherwise, the value is 0. Based
on this, the values of the four variables are summed to obtain the composite score for green
production practices among cattle-raising farmers: 0 (no green practices), 1 (one practice),
2 (two practices), 3 (three practices), and 4 (four practices). The proportions of cattle farmers
not implementing, implementing one, two, three, and four green production practices were
24.5%, 33.7%, 20.9%, 11.7%, and 9.2%, respectively. Overall, the implementation status of
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green production practices among local cattle farmers is not optimistic, with a relatively
low adoption intensity.

Table 1. Construction of green production behavior indicators.

Variable Type Definition Meaning and Assignment

Rationalization of feeding behavior

Whether to adopt feed comprehensive
utilization technology? If there are two or more types, assign a

value of 1; otherwise, assign a value of 0whether to understand the hazards of prohibited drugs
and additives?

Whether to breed improved beef cattle breeds?

Scientific behavior in epidemic control

Whether to use traditional Chinese medicine or
biological veterinary drugs for prevention or treatment?

If there are two or more types, assign a
value of 1; otherwise, assign a value of 0

Whether to comply with the medication rest
period regulations?

Is the disposal of diseased and dead cattle
rendered harmless?

Standardized management behavior
Is there a standardized renovation of the cowshed?

If there are two or more types, assign a
value of 1; otherwise, assign a value of 0

Is it possible to clean and disinfect the cowshed at least
once a week?

Whether to establish breeding records?

Fecal resource utilization behavior
Is there a specialized fecal storage facility? If there are two or more types, assign a

value of 1; otherwise, assign a value of 0Is there a biogas digester built?
Whether to return manure to the field?

Green Production Behavior

Rationalization of feeding behavior

Four items combined
Scientific behavior in epidemic control
Standardized management behavior
Fecal resource utilization behavior

3.3.2. Core Explanatory Variable

This paper focuses on the actual impact of policy instruments at the micro level. Given
that farmers’ production decisions are more influenced by their subjective perceptions
of policy incentives and constraints than by the policies themselves, this study adopts a
farmer-perception perspective. It uses farmers’ subjective evaluations of green subsidies
and environmental regulation intensity to characterize the actual micro-level effects of
green subsidies and environmental regulations. Specifically, both green subsidies and
environmental regulations are quantified using a five-point Likert scale. For green subsidies,
the study employs the questionnaire item: “How strong is the financial support provided
by local governments to cattle farmers who adopt green production methods?” Response
options range from “None at all” to “Full coverage of subsidies,” assigned scores from
1 to 5, respectively. Higher scores indicate stronger perceived financial support among
cattle farmers. Environmental regulations are represented by the questionnaire item: “To
your knowledge, how stringent are local government penalties for the following practices?
These include: misuse of feed additives, non-compliance with withdrawal periods, failure
to maintain livestock records, substandard manure treatment, inadequate disposal of
diseased/dead cattle, and illegal farming in prohibited zones. Responses ranged from
“very weak” to “very strong,” and were assigned values from 1 to 5. To comprehensively
reflect the overall intensity of environmental regulations, this study calculates the average
score across the six dimensions. A higher score indicates stronger perceived environmental
regulation intensity among respondents.

3.3.3. Control Variable

Drawing on existing research [41–43], this study selected corresponding control vari-
ables at three levels: individual, household, and farming characteristics. The specific
definitions and descriptive statistics for each variable are presented in Table 2.
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Table 2. Descriptive Statistics.

Variable Type Variable Variable Name Variable Definition Mean SD

Explained
variable

Green Green production
Behavior

The total number of green production
behaviors, ranging from 0 to 4 1.473 1.237

T_L Rationalization of
feeding behavior

Are there two or more specific rationalization
behaviors of feeding? if yes = 1, no = 0 0.733 0.443

J_K Scientific behavior
in epidemic control

Are there two or more specific scientific
behaviors in epidemic control? if yes = 1, no = 0 0.396 0.490

F_W
Fecal resource

utilization
behavior

Are there two or more specific behaviors of
fecal resource utilization? if yes = 1, no = 0 0.168 0.375

G_K
Standardized
management

behavior

Are there two or more specific standardized
management behaviors? if yes = 1, no = 0 0.176 0.381

Core explanatory
variable

Fiscal Green subsidies
Completely none = 1, less subsidies = 2,

subsidies generally = 3, more subsidies = 4, full
subsidy coverage = 5

2.161 1.120

Penalty Environmental
regulations

Score for various environmental regulations/6,
with values ranging from 0–5 2.823 1.265

Instrumental
variable IV_party Party member’s

family
Do you have any party members at home? if

yes = 1, no = 0 0.125 0.331

Mechanism
variable

Train Green Training Have you participated in green production
technology training? if yes = 1, no = 0 0.282 0.451

Facility Green facilities
Do you have specialized facilities for breeding
manure and sewage treatment in your home?

if yes = 1, no = 0
0.271 0.445

Awareness Green awareness

How much do you agree with the concept that
‘green mountains and clear waters are as

valuable as mountains of gold and silver’?
Completely disagree = 1, strongly disagree = 2,

generally = 3, strongly agree = 4, strongly
agree = 5

4.037 0.761

Control variable

Age Age Age of respondents 46.37 10.89
Sex Gender Male = 1, Female = 0 0.857 0.351

Education Education status
Not attending school = 1, primary school = 2,
junior high school = 3, high school/vocational

school = 4, college/undergraduate and above = 5
2.619 0.787

Labour
Proportion of

household labor
force

Household labor force/total household population 0.668 0.162

Year Breeding year Year of beef cattle breeding 14.55 8.797

Preference Price preference Do you pay more attention to price when
choosing beef cattle breeds? Yes = 1, No = 0 0.597 0.491

3.4. Model Specification

Given that the explained variable, the green production behavior of cattle farmers, is a
discrete variable ranging from 0 to 4, which represents the number of green production
behaviors implemented by them. Therefore, this article uses the Ordered Probit model for
analysis, and the specific model is as follows:

Green∗
i = α + βxi + δControli + εi (1)

Greeni =



0, i f Green∗
i ≤ r0

1, i f r0 < Green∗
i ≤ r1

2, i f r1 < Green∗
i ≤ r2

3, i f r2 < Green∗
i ≤ r3

4, i f Green∗
i > r3

(2)
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(1) In this equation, Green∗
i represents the latent variable for green production be-

haviors among cattle-raising households, while xi denotes the green subsidies and envi-
ronmental regulations for the i-th household. Controli serves as the control variable, and
εi indicates the random disturbance term. (2) In this equation, r0–r3 respectively denote
the unknown cut-off points for the implementation levels of green production behaviors
among cattle-raising households, with r0 < r1 . . . < r3.

Theoretical analysis and research hypotheses indicate that green subsidies and envi-
ronmental regulations primarily promote green production practices among cattle farmers
by encouraging their participation in green training, establishing green facilities, and en-
hancing green awareness. To test this mechanism, this paper follows the approach of Jiang
(2022) [44] and employs a two-step method to construct the following model for verification:

Mi = α1 + β1xi + δControli + εi (3)

Given that “green training” and “green facilities” are binary decision variables, this
article uses the Probit model to analyze them. For the “green cognition” variable measured
using a 0–5-point Likert scale, an ordered Probit model is used for estimation. Where Mi

denotes whether farmer i participated in green training, established green facilities, and
their level of green awareness, respectively, while the remaining variables are consistent
with Equation (1).

Furthermore, to examine whether green subsidies and environmental regulations
exhibit synergistic effects, this paper constructs the following model for testing:

Green∗
i = α2 + β2Fiscali + β3Penaltyi + β4Fiscali × Penaltyi + δControli + εi (4)

Greeni =



0, i f Green∗
i ≤ r0

1, i f r0 < Green∗
i ≤ r1

2, i f r1 < Green∗
i ≤ r2

3, i f r2 < Green∗
i ≤ r3

4, i f Green∗
i > r3

(5)

where Fiscali and Penaltyi denote the green subsidies and environmental regulations for
farmer i, respectively, Fiscali × Penaltyi represents the interaction term, and the remaining
variables are consistent with Equation (1).

4. Results
Prior to conducting the regression analysis, this study first performed multicollinearity

tests on the variables. The results indicated that the maximum variance inflation factor
(VIF) was 1.41, which is significantly below the critical threshold of 10. This suggests that
no multicollinearity issues exist among the variables.

4.1. Benchmark Regression Results

Table 3 reports the effects of green subsidies and environmental regulations on the
green production practices of cattle farmers. It can be observed that, regardless of whether
control variables are included, both green subsidies and environmental regulations effec-
tively promote the adoption of green production practices among cattle farmers. A further
comparison of the regression coefficients reveals that the coefficient for green subsidies
is higher than that for environmental regulations, indicating a stronger incentive effect
in promoting green production practices among cattle farmers. Thus, Hypothesis H1
is validated.
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Table 3. Baseline Regression Results.

(1) (2) (3) (4)

Green Green Green Green

Fiscal 0.587 *** 0.789 ***
(0.064) (0.086)

Penalty 0.405 *** 0.600 ***
(0.055) (0.081)

Age 0.019 *** 0.0164 **
(0.007) (0.007)

Sex 0.271 0.233
(0.193) (0.192)

Education 0.190 ** 0.269 ***
(0.093) (0.091)

Labour 0.311 −0.595
(0.423) (0.428)

Year −0.003 −0.002
(0.009) (0.009)

Preference 0.741 *** 0.685 ***
(0.177) (0.188)

Observations 273 273 273 273
Pseudo R2 0.107 0.148 0.068 0.110

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

4.2. Endogenous Analysis and Robustness Testing
Endogenous Analysis

Considering that farmers with better green production practices often gain easier
access to green subsidies, while those facing penalty risks may proactively adjust their
production behaviors, this creates a bidirectional causality issue. To avoid outcome biases
stemming from endogeneity problems, this study employs both instrumental variables
(IV) and propensity score matching (PSM) for correction.

First, the study selects “whether the household has a Party member” as an instrumen-
tal variable to identify the endogeneity of green subsidies and environmental regulations,
respectively. Theoretically, households with Party members are more sensitive to policy
trends, enabling them to understand green subsidy details and penalty regulations more
promptly and accurately. Thus, this variable exhibits significant correlation with the green
subsidies and environmental regulations faced by farmers, satisfying the condition that
the instrumental variable is related to the endogenous variable. Simultaneously, Party
member households do not directly determine farmers’ green production decisions, satis-
fying the exclusion constraint requirement. Thus, this instrumental variable theoretically
fulfills both relevance and exogeneity requirements. Building upon Roodman (2011) [45],
this study employs the Conditional Mixed Process (CMP) estimator to address potential
endogeneity issues in the ordered Probit model. Prior to CMP estimation, this study first
tests the instrumental variable’s correlation using linear two-stage least squares (2SLS).
The Cragg–Donald Wald F-statistics for the first-stage regression are 26.748 and 17.024,
respectively, both significantly exceeding the conventional threshold of 10, indicating no ap-
parent weak instrumental issues. CMP estimation results in Table 4 show that the estimated
atanhrho values for green subsidies and environmental regulations are −0.786 and −1.071,
respectively, both significant at the 1% level. This indicates a significant correlation between
the error terms of the two equations in the simultaneous model, confirming the necessity
of the CMP approach. The instrumental variable estimation results further confirm that
green subsidies and environmental regulations exert a significant positive influence on the
green production behavior of cattle-raising households. Moreover, the coefficient for green
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subsidies remains larger than that for environmental regulations, further substantiating the
validity of H1.

Table 4. Endogenous Analysis 1.

(1) First-Stage
Coefficient

(2) Second-Stage
Coefficient

(3) First-Stage
Coefficient

(4) Second-Stage
Coefficient

Fiscal Green Penalty Green

Fiscal 1.364 ***
(0098)

Penalty 1.287 ***
(0.080)

IV_party 0.807 *** 0.666 ***
(0.154) (0.196)

Control Yes Yes Yes Yes
Cragg-Donald Wald F statistic 26.748 17.024

Observations 273 273 273 273
atanhrho_12 −0.786 *** −1.071 ***

(0.186) (0.235)
Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

Building upon existing research [46], this study further employs the propensity score
matching (PSM) method. Households with green subsidies and environmental regulations
above the mean are assigned to the experimental group (assigned a value of 1), while
those below the mean are assigned to the control group (assigned a value of 0). Using
all control variables from the baseline regression as covariates, we conducted tests with
four matching methods: nearest-neighbor one-to-four matching, caliper-based one-to-four
nearest-neighbor matching, kernel matching, and radius matching. Table 5 reports estima-
tion results for each matching method. Both green subsidies and environmental regulations
yield significantly positive average treatment effects (ATT) in the treatment group, with
green subsidies showing a larger ATT value. This indicates that both incentives effectively
promote green production practices among cattle farmers, though green subsidies exert
a stronger effect. Additionally, this study conducted common support domain tests and
balance tests on the results of the 1-to-4 caliper matching for green subsidies and envi-
ronmental regulations, respectively. Figures 3 and 4 present the kernel density plots for
green subsidies and environmental regulations, respectively. The results indicate that both
green subsidies and environmental regulations exhibit substantial overlap in the propensity
score ranges between the matched treatment group and the control group. Most observed
values fall within a common range, suggesting that the propensity score matching (PSM)
estimation results are reliable. In summary, the findings for Hypothesis H1 are robust.

Table 5. Endogenous Analysis 2.

Variable Match Method Treatment
Group

Control
Group ATT Standard

Error T-Value

Fiscal

1 to 4 Nearest Neighbor Matching 2.532 1.098 1.434 0.210 6.82 ***
1 to 4 nearest neighbor matching within the caliper 2.532 1.068 1.464 0.201 7.29 ***

nuclear matching 2.532 1.081 1.451 0.201 7.21 ***
Radius Matching 2.532 1.119 1.413 0.166 8.51 ***

Penalty

1 to 4 Nearest Neighbor Matching 2.074 1.457 0.617 0.305 2.02 **
1 to 4 nearest neighbor matching within the caliper 2.085 1.422 0.663 0.284 2.33 **

nuclear matching 2.065 1.435 0.630 0.282 2.23 **
Radius Matching 2.074 1.104 0.970 0.196 4.96 ***

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.
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Figure 3. Common Support Domain Inspection (Green Subsidies).

Figure 4. Common Support Domain Inspection (Environmental Regulation).

4.3. Robustness Test

To further test the robustness of the benchmark regression results, this study con-
ducted robustness tests by removing specific samples, replacing the regression model, and
replacing the dependent variable. Firstly, following the approach of Gong et al. (2016) [47],
this article re-regresses after excluding samples aged 60 and above. The results show
that the coefficient between green subsidies and environmental regulations is significantly
positive. Secondly, this article uses the Ologit (Order logit) model to examine the impact of
green subsidies and environmental regulations on the green production behavior of cattle
farmers. The results show that the coefficient of the core explanatory variable is still signifi-
cantly positive, and the coefficient of green subsidies is greater than that of environmental
regulations. Finally, this article uses two methods to reconstruct the variables of green
production behavior. Firstly, this article summarizes the 12 behavioral characteristics of
green production behavior and constructs a counting variable (Green1) with values ranging
from 0 to 12; Secondly, relax the criteria for determining the green production behavior of
farmers in various dimensions to the existence of at least one specific behavioral charac-
teristic, and based on this, construct a substitute variable for green production behavior
(Green2). The estimated results are shown in columns (5)–(8) of Table 6, indicating that
green subsidies and environmental regulations can still promote the green production
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behavior of beef cattle farmers, and the driving effect of green subsidies is stronger. In
summary, hypothesis H1 is robust.

Table 6. Robustness test.

(1) (2) (3) (4) (5) (6) (7) (8)
Exclude Samples Change Model Replace The Explained Variable

Green Green Green Green Green1 Green1 Green2 Green2

Fiscal 0.787 *** 1.420 *** 0.732 *** 0.312 ***
(0.091) (0.161) (0.082) (0.100)

Penalty 0.581 *** 1.063 *** 0.554 *** 0.164 *
(0.084) (0.145) (0.077) (0.093)

Control Yes Yes Yes Yes Yes Yes Yes Yes
Observations 251 251 273 273 273 273 273 273
Pseudo R2 0.147 0.109 0.151 0.111 0.101 0.074 0.038 0.021

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

4.4. Heterogeneity Analysis
4.4.1. Based on Different Dimensions of Green Production Behavior

Considering that green production behavior covers dimensions such as manure re-
source utilization, rational feeding, and standardized management, and the impact of
green subsidies and environmental regulations on different dimensions of green produc-
tion behavior may differ significantly, this article further analyzes the impact of green
subsidies and environmental regulations on different dimensions of green production
behavior. The estimated results are shown in columns (1)–(8) of Table 7, indicating that
both green subsidies and environmental regulations can effectively promote various green
production behaviors among cattle farmers; However, in terms of the estimated coefficient
size, whether it is green subsidies or environmental regulations, the promotion effect on
the utilization of manure resources is the strongest, followed by standardized management
and scientific disease control behaviors, while the marginal impact on the rationalization
of feeding is the smallest. The reason may be that, firstly, manure treatment has stronger
environmental externalities, and emission results are easier to observe, making it easier to
form regulatory constraints and guide behavioral adjustments [48]. In addition, this process
often relies on “capital and acceptable” inputs such as manure storage tanks, separation,
composting fermentation, etc. Green subsidies usually have a more direct promoting effect
on the adoption of such technologies [49]. Secondly, the standardization of management
and the scientificization of disease control are more inclined towards process-oriented
and continuous management, and their improvement requires knowledge updating and
long-term execution, which belongs to a typical “information and capability constraint” sit-
uation. Therefore, although policy tools can promote marginal changes, they are relatively
limited [50–52]. Thirdly, the rationalization of feeding is often consistent with the goal of
reducing costs and increasing efficiency for farmers, and may have become more popular
in the sample areas with relatively high overall levels. Therefore, the further improvement
space is relatively limited. Therefore, the marginal promotion of green subsidies and
environmental regulations on this dimension is relatively small [53].
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Table 7. Heterogeneity Analysis 1.

(1) (2) (3) (4) (5) (6) (7) (8)

T_L J_K F_W G_K T_L J_K F_W G_K

Fiscal 0.540 *** 0.645 *** 1.203 *** 0.709 ***
(0.122) (0.102) (0.169) (0.120)

Penalty 0.045 ** 0.093 *** 0.168 *** 0.125 ***
(0.018) (0.017) (0.025) (0.021)

Control Yes Yes Yes Yes Yes Yes Yes Yes
Constant −3.769 *** −2.915 *** −5.955 *** −3.502 *** −2.951 *** −2.578 *** −5.349 *** −3.465 ***

(0.778) (0.718) (1.152) (0.928) (0.726) (0.708) (1.107) (0.957)
Observations 273 273 273 273 273 273 273 273
Pseudo R2 0.154 0.171 0.398 0.260 0.105 0.145 0.321 0.267

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

4.4.2. Based on Whether or Not to Join Cooperative

Cooperatives not only serve as an important link between farmers and the market,
but may also play a special role in information transmission, resource integration, and risk
sharing during policy implementation. Environmental regulations and green subsidies
may have differentiated effects on the green production behavior of cattle farmers who
join cooperatives and those who do not. Therefore, this article divides the sample into
two groups: those who have joined the cooperative and those who have not joined the
cooperative for group regression. As shown in columns (1)–(4) of Table 8, regardless
of whether cattle farmers join cooperatives or not, green subsidies and environmental
regulations can effectively promote their implementation of green production behavior;
However, compared to cattle farmers who have not joined cooperatives, the above two types
of policies have a stronger promoting effect on green production behavior among cattle
farmers who have joined cooperatives.

4.4.3. Based on Risk Preference

Farmers with different risk preferences have varying sensitivities to uncertain returns,
cash flow fluctuations, and policy implementation risks. Therefore, there may be significant
differences in the marginal effects of policy tools. Based on this, this article divides the sample
into a risk avoidance group and a risk preference group to examine the heterogeneity of the
impact of green subsidies and environmental regulations on the green production behavior
of cattle farmers. The regression results are shown in columns (5)–(8). It can be seen that
both green subsidies and environmental regulations have a stronger promoting effect on the
green production behavior of cattle farmers in the risk preference group. The main reason is
that compared to risk-averse farmers, risk-preference cattle farmers are often more willing to
try new practices and adjust production methods, and may respond faster and stronger to
external policies [54]. Therefore, when facing environmental regulations and green subsidies,
the possibility of implementing green production behaviors is also stronger.

Table 8. Heterogeneity Analysis 2.

(1)
Not Joined

(2)
Joined

(3)
Not Joined

(4)
Joined

(5)
Risk

Avoidance

(6)
Risk

Appetite

(7)
Risk

Avoidance

(8)
Risk

Appetite

Green Green Green Green Green Green Green Green

Fiscal 0.527 *** 0.949 ** 0.696 *** 1.484 **
(0.098) (0.354) (0.091) (0.660)
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Table 8. Cont.

(1)
Not Joined

(2)
Joined

(3)
Not Joined

(4)
Joined

(5)
Risk

Avoidance

(6)
Risk

Appetite

(7)
Risk

Avoidance

(8)
Risk

Appetite

Green Green Green Green Green Green Green Green

Penalty 0.290 *** 1.030 *** 0.500 *** 1.149 *
(0.101) (0.300) (0.088) (0.612)

Control Yes Yes Yes Yes Yes Yes Yes Yes
Observations 227 46 227 46 251 22 251 22
Pseudo R2 0.083 0.133 0.049 0.179 0.116 0.391 0.078 0.360

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

4.4.4. Based on Breeding Scale

Considering the significant differences in financial constraints, technical and man-
agement capabilities, and regulatory exposure among cattle farmers of different breeding
scales, the marginal impact of green subsidies and environmental regulations on their
green production behavior may exhibit significant heterogeneity. Therefore, this article
uses the number of breeding as the basis for dividing the breeding scale, combined with
the standards for large-scale breeding of beef cattle in the “Notice on Strengthening the
Information Management of Livestock and Poultry Farm Filing and Fecal Resource Uti-
lization Institutions” issued by the Chinese Ministry of Agriculture in 2017. The samples
are divided into three groups: small-scale (<10 heads), medium-scale (10–100 heads), and
large-scale (>100 heads), and grouped regression is conducted accordingly. The estimated
results are shown in columns (1) to (6) of Table 9. The results indicate that green subsidies
significantly promote the green production behavior of small-scale and medium-sized
cattle farmers, but the driving effect on large-scale farmers is not significant. This is mainly
due to the strong financial and credit constraints faced by small and medium-sized en-
tities. Subsidies can directly alleviate their financial pressure, reduce green investment
costs, and thus enhance their willingness to adopt green technologies and facilities [55].
However, large-scale farmers themselves have relatively abundant funds, and the marginal
adjustment cost of production and operation is high. The existing subsidy level has limited
incentive strength for them [56]. In addition, environmental regulations have a promoting
effect on green production behavior among cattle farmers of different scales, and this effect
gradually increases with the expansion of breeding scale. The reason is that the larger the
scale of aquaculture, the easier it is to become a key target of environmental regulation, with
higher emission intensity and observability. The probability of law enforcement inspections
and compliance pressure is relatively stronger, thus promoting the adjustment of green
behavior by increasing the expected cost of violations [57].

Table 9. Heterogeneity Analysis 3.

(1)
Small

(2)
Middle

(3)
Big

(4)
Small

(5)
Middle

(6)
Big

Green Green Green Green Green Green

Fiscal 0.625 *** 0.635 *** −0.734
(0.141) (0.137) (0.838)

Penalty 0.251 ** 0.623 *** 2.865 *
(0.117) (0.139) (0.150)

Control Yes Yes Yes Yes Yes Yes
Observations 148 111 14 148 111 14
Pseudo R2 0.095 0.127 0.167 0.049 0.122 0.290

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

The estimated results are shown in columns (1)–(6) of Table 10 below. Specifically,
columns (1) and (2) indicate that both green subsidies and environmental regulations
exert a significant positive influence on farmers’ participation in green technology train-
ing, suggesting that both can promote the implementation of green production practices
by encouraging training participation. Columns (3) to (4) demonstrate that green subsi-
dies and environmental regulations also assist beef cattle farmers in establishing green
facilities, thereby promoting their adoption of green production practices. Furthermore,
columns (5) to (6) reveal that both significantly enhance farmers’ green awareness, and
this heightened green cognition similarly exerts a positive effect on their green production
behaviors. In summary, hypothesis H2 has been validated.

Table 10. Mechanism Analysis.

(1) (2) (3) (4) (5) (6)
Variables Train Train Facility Facility Awareness Awareness

Fiscal 0.729 *** 1.352 *** 0.932 ***
(0.109) (0.169) (0.090)

Penalty 0.772 *** 0.698 *** 0.699 ***
(0.119) (0.112) (0.070)

Control Yes Yes Yes Yes Yes Yes
Constant −4.960 *** −4.953 *** −6.187 *** −4.137 ***

(1.015) (0.917) (1.074) (0.846)
Observations 273 273 273 273 273 273
Pseudo R2 0.303 0.302 0.432 0.222 0.280 0.242

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

5. Further Analysis
To further identify whether there is a synergistic or substitutive relationship between

green subsidies and environmental regulations in promoting green production behavior
among cattle farmers, this paper tests two paths based on the benchmark model. One
is to directly include subsidies and penalties and their interaction terms to examine the
marginal synergistic effect. The other is to construct a “high or low” binary grouping and
form a four-quadrant combination using the mean of green subsidies and penalties as
the threshold, in order to compare the overall differences of different policy combinations
relative to the “low subsidy low penalty” benchmark group in discrete scenarios. Col-
umn (1) in Table 11 shows that the green subsidy coefficient is 0.589 and significant at the
5% level, and the environmental regulation coefficient is 0.326 and also significant at the
5% level, indicating that when another type of policy tool does not exist, both subsidies
and penalties can significantly promote green production behavior among cattle farmers;
However, the coefficient of the interaction term between the two is not significant, indi-
cating that no significant synergistic amplification effect was observed in the continuous
variable framework, and the two are closer to a relationship of “each playing a role, over-
lapping but not mutually reinforcing”. The results of the four quadrants in column (2) also
echo this, with a coefficient of 2.113 for the high subsidy and severe punishment group
based on low subsidies and low penalties, and significant. The coefficients for the high
subsidy and low punishment group and the low subsidy and severe punishment group
are 2.089 and 0.867, respectively, which are equally significant. This indicates that whether
increasing green subsidies or environmental regulations alone, they can significantly pro-
mote green production behavior among cattle farmers, but the increase in green subsidies
is significantly greater than that of environmental regulations. It is worth noting that even
with lower penalties, the effect of high subsidies and high penalties can be achieved in
high subsidy situations, which further confirms the dominant role of green subsidies. The
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possible reason for this is that, firstly, in beef cattle breeding areas dominated by small and
medium-sized, farmers generally face financial and technological constraints, weak risk
resistance ability, and relatively limited education level, resulting in insufficient motivation
to adopt green production models [40]; In this case, green subsidies are often directly used
to offset compliance costs arising from environmental regulations, rather than actively
promoting production transformation. Secondly, from a macro implementation perspective,
the insufficient coordination of policies between departments and levels further constrains
the synergistic effect. At the institutional level, green subsidies in China are mostly led
by the agricultural and rural sectors, with a focus on industrial incentives; Environmental
regulation is the responsibility of the ecological environment department, with a focus
on constraint and control. There is a lack of efficient information sharing and policy link-
age mechanisms between the two departments, resulting in subsidy distribution often
not being deeply linked to environmental compliance, and regulatory enforcement rarely
relies on subsidies for positive guidance [58]. Even though there are some connections
in top-level design or joint law enforcement, there is still a common phenomenon in the
specific implementation process at the grassroots level where policies are “each performing
their own duties”, execution links are disconnected, and incentives and constraints are
not always integrated [59]. The lack of a collaborative mechanism from departments to
grassroots levels has resulted in a “parallel rather than integrated” state of the two types of
policies in practice, making it impossible to form a policy synergy effect of “carrot” and
“stick”. In summary, it can be concluded that hypothesis H3 has been validated.

Table 11. Further Analysis.

(1)
Combination Effect

(2)
Four-Quadrants

Green Green

Fiscal 0.589 **
(0.251)

Penalty 0.326 **
(0.153)

Fiscal × Penalty 0.015
(0.067)

HH 2.113 ***
(0.249)

HL 2.089 ***
(0.656)

LH 0.867 ***
(0.223)

Control Yes Yes
Observations 273 273

Pseudo R2 0.167 0.141
Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

6. Discussion
Against the backdrop of the continuous promotion of the “dual carbon” target, how

to effectively guide beef cattle farmers to adopt green production behavior through a
reasonable policy combination is a key issue in promoting the sustainable transformation
of animal husbandry. Based on this, this article simultaneously examines the impact of
green subsidies and environmental regulations on the green production behavior of beef
cattle farmers, and systematically analyzes their internal mechanisms, heterogeneity char-
acteristics, and synergistic effects. The results indicate that, firstly, both green subsidies
and environmental regulations can effectively promote green production behavior among
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beef cattle farmers. This finding is consistent with Chen and Gao (2025) [60], who empha-
size the role of green subsidies in fostering agricultural green production, as well as with
Li et al. (2025) [61], who provide evidence that environmental regulation can effectively
promote farmers’ pro-environmental behavior. Further analysis reveals that there is no
significant synergistic effect between the two, with a stronger promoting effect of green
subsidies. It highlights a critical issue in real-world policy design: policy synergy does not
arise automatically from the coexistence of multiple instruments. Rather, it depends on fac-
tors such as the alignment of policy objectives, the coordination of implementation timing,
the precision of target group identification, and the degree of institutional linkage across
policy tools [62]. This finding contributes to the policy-mix literature by underscoring the
conditional nature of interaction effects in agricultural environmental governance. The
mechanism analysis further reveals that green subsidies and environmental regulations
promote green production behavior primarily by encouraging farmers’ participation in
green training programs, facilitating the construction of green production facilities, and
enhancing environmental awareness. Heterogeneity analysis shows that green subsidies
and environmental regulations have the strongest promoting effect on the utilization of
manure resources, followed by standardized management, scientific disease prevention
and control, and rational feeding, reflecting the differences in investment intensity and
controllability among different green behaviors. In addition, both types of policy tools
have a stronger promoting effect on risk preference farmers, indicating that policy effec-
tiveness not only depends on tool design, but is also closely related to the psychological
characteristics and decision-making patterns of farmers. In terms of breeding scale, green
subsidies mainly target small and medium-sized farmers, while environmental regulations
have a significant promoting effect on different scale cattle farmers, and increase with the
expansion of scale, indicating that subsidies are more effective in supporting the initial
investment of green transformation for small and medium-sized farmers, whereas environ-
mental regulations play a more prominent role in promoting large-scale breeding farmers
to achieve standardized and institutionalized production. The above findings not only
have guiding significance for other regions in China, but also provide useful references for
many developing countries. Taking China as an example, the current beef cattle farming
is still dominated by small and medium-sized [4], which is also common in Asia, Africa,
and Latin America, where small and medium-sized farmers often face challenges such
as limited funding, insufficient investment in green technology, and weak environmental
governance capabilities. Based on this, the findings of this study can provide valuable
policy insights for promoting the green transformation of the cattle breeding industry in
relevant regions. Specifically, a gradual promotion path should be established with green
subsidies as the mainstay and environmental regulations as the auxiliary. On the one hand,
subsidy resources need to be clearly tilted towards small and medium-sized farmers to di-
rectly alleviate the financial constraints they face in the process of green transformation; On
the other hand, the design and implementation of environmental regulations should fully
consider the heterogeneity and actual carrying capacity of farmers, adopt differentiated
and phased guidance methods, and avoid the impact on production caused by a one size
fits all approach.

Despite these contributions, this study has several limitations that warrant further
discussion. First, due to the use of cross-sectional data, it is difficult to capture the long-term
dynamic effects of green subsidies and environmental regulations on farmers’ green pro-
duction behavior. While policy instruments may induce short-term behavioral responses,
whether such behaviors can be sustained and internalized into stable production prac-
tices remains an open question. Future research could employ longitudinal surveys or
quasi-natural experiments associated with policy adjustments or withdrawals to system-
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atically examine the persistence and evolution of green behavior, as well as the role of
complementary mechanisms such as cooperative constraints, green certification, and price
premiums in facilitating a transition from policy-driven to market-oriented green produc-
tion. Second, the sample in this study is limited to Yunnan Province. Although this region
exhibits a certain degree of representativeness, it cannot fully capture regional differences
in agricultural structures, ecological conditions, and policy environments across China.
Expanding the geographic scope or conducting cross-regional comparative analyses would
help improve the external validity and robustness of future findings. Third, the empirical
research in this article may have certain shortcomings. Although “whether there are Party
members in the household” is used as an instrumental variable and meets both theoretical
and statistical requirements, micro-survey data may not fully capture household-level
heterogeneity, and this variable could influence green production behavior through al-
ternative channels. Future studies could strengthen causal identification by identifying
more exogenous instrumental variables or applying quasi-experimental methods where
data permit. Finally, based on farmers’ subjective perceptions of policy instruments, this
study finds no significant synergistic effects between green subsidies and environmental
regulations in the current stage of China’s beef cattle green transformation. However, actual
policy effectiveness is also shaped by objective factors such as enforcement intensity, policy
consistency, and local governance capacity. Future research could therefore examine policy
interaction effects from the perspective of implementation conditions, exploring whether
and under what governance contexts policy instruments can generate synergies.

7. Summary and Recommendations
This study employs an Order Probit model to empirically analyze the impact of green

subsidies and environmental regulations on the green production practices of cattle farmers
in Xundian County, China, based on micro-level survey data. The findings reveal: (1) Both
green subsidies and environmental regulations effectively promote green production prac-
tices among cattle farmers, with green subsidies demonstrating a stronger promotional
effect. This conclusion remains valid after a series of robustness tests. (2) Heterogeneity
analysis reveals: First, among specific green production behaviors, green subsidies and
environmental regulations most strongly promote Fecal resource utilization behavior, fol-
lowed by Standardized management behavior, Scientific behavior in epidemic control, and
Rationalization of feeding behavior. Second, regarding organizational participation, policy
instruments exert a stronger promotional effect on farmers who have joined cooperatives
than on those who have not. From a risk preference perspective, green subsidies and
environmental regulations exerted a stronger promotional effect on risk-preferring farmers’
green production behaviors. Finally, regarding farm scale, green subsidies significantly
promoted green production behaviors among small-to-medium-scale cattle farmers but
had no effect on large-scale farmers. Environmental regulations promoted green produc-
tion behaviors across all cattle farm scales, with this effect gradually increasing as farm
scale expanded. (3) Analysis of the mechanism reveals that green subsidies and penalties
primarily promote green production practices by encouraging farmers to participate in
green training, build green facilities, and enhance their green awareness. (4) Further anal-
ysis reveals that while both perceived green subsidies and penalties effectively promote
green production practices among cattle farmers, no synergistic effect exists between them.
Quadrant analysis results further confirm the absence of synergies between green subsidies
and environmental regulations. Moreover, green subsidies play a dominant role across
different policy combinations.

Based on these findings, this paper offers the following implications regarding the
“carrot or stick” policy choices: (1) Optimize the design of green subsidy systems to en-
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hance incentive intensity. Findings indicate that green subsidies exert a stronger effect
than environmental regulations. Therefore, policy support for green subsidies should be
further strengthened by linking them to specific production behaviors, improving subsidy
precision and incentive intensity, and fully leveraging the positive motivational role of
“carrot-based” policy tools. (2) Improve the implementation methods of environmental
regulations to enhance guidance and inclusiveness. Although environmental regulations
effectively promote green production practices among cattle farmers, their impact varies
across different farm sizes and types. Thus, reliance on punitive measures alone should
be avoided. Instead, adopt a “regulation + service” approach through enforcement com-
munication, technical guidance, and information support. This helps farmers accurately
understand regulatory requirements and improve compliance capabilities, thereby reduc-
ing burdens while enhancing the guidance function of regulations. (3) Coordinate green
subsidies with environmental regulations to avoid simple policy tool stacking. Further
analysis reveals no significant synergistic effects between green subsidies and environ-
mental regulations, with green subsidies playing a dominant role across different policy
combinations. Thus, policy design should avoid indiscriminate tool stacking. Instead,
green subsidies should serve as the core, with environmental regulations as foundational
constraints. Clearly define the functional boundaries and priorities of each tool to establish
an overall policy system centered on incentives, with constraints as a supplement. (4) Im-
plement differentiated policy combinations based on farm size and characteristics. Research
indicates that green subsidies exert stronger incentives on small-to-medium-sized farms,
while environmental regulations progressively enhance their constraining and guiding
effects as farm scale increases. Thus, for small-to-medium farms, green subsidies should
primarily alleviate financial constraints. For large-scale operations, environmental reg-
ulations should strengthen their guiding and standardizing roles alongside supporting
measures to maximize policy effectiveness. (5) Enhance policy effectiveness through coop-
erative participation and capacity building. Research indicates that farmers participating
in cooperatives respond more strongly to green subsidies and environmental regulations.
Training, facility construction, and raising green awareness serve as crucial transmission
mechanisms for policy implementation. Therefore, it is necessary to integrate policy tools
with platforms like cooperatives. By strengthening technical training and capacity building,
the sustainability of farmers’ green production practices can be further enhanced.
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