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Abstract: Education plays a crucial role in promoting green development by shaping environmentally
friendly production behaviors and fostering low-carbon lifestyles. This research examines the impact
of China’s free compulsory education (FCE) policy on agricultural green total factor productivity
(AGTFP) using provincial panel data from 2002 to 2015. Additionally, it explores the impact mecha-
nisms and regional heterogeneity. The results indicate that first, the FCE policy has a significantly
positive effect on AGTFP, as confirmed through a series of robustness tests. Second, the FCE policy
primarily influences AGTFP by increasing farmers’ awareness of green production and promoting
the development of green technologies in agriculture. Third, the impact of the FCE policy varies
across regions. It promotes green technologies in agriculture in developed provinces and fosters
ecological awareness among farmers in less developed provinces. These findings offer valuable
empirical evidence and policy implications for implementing education popularization projects and
reducing agricultural carbon emissions in developing countries.

Keywords: free compulsory education; agricultural green total factor productivity; quasi-difference-
in-difference model; ecological awareness; green technology

1. Introduction

In response to escalating environmental challenges, the international community is
collaborating under the Paris Agreement framework to decrease greenhouse gas emis-
sions. However, compared to widely discussed industrial carbon emissions, agricultural
carbon emissions are often overlooked. Agricultural production is a significant contributor
to greenhouse gas emissions, accounting for approximately 20% to 25% of total global
emissions [1]. As a major agricultural country, China’s agricultural economy has achieved
rapid development, but there are inevitably serious problems of waste, pollution, and
emissions [2,3]. According to data from official agencies and related studies, China’s agri-
cultural greenhouse gas emissions once accounted for more than 15% of the country’s total
emissions at the beginning of this century [4]. It is remarkable that China’s carbon emission
intensity per unit of food production has steadily decreased over the past decade, signifying
a progressive shift towards environmentally sustainable agricultural practices [5]. In this
context, the drivers of China’s agricultural green transformation have become an inter-
esting topic, which has been actively studied from many aspects, such as environmental
regulation and technological progress [6,7]. However, education is a fundamental factor
in improving production behavior and lifestyle, and its role in this process should not be
ignored. In particular, some important education reform policies for rural areas and their
impact on the green transformation of agriculture deserve to be explored in depth.

Education can not only promote individuals to adopt renewable or clean energy, but
also enhance resource utilization efficiency in social production through the development
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of human capital [8,9]. Moreover, it provides the foundation for the development of tech-
nologies, knowledge, and concepts for green production [10]. Currently, several studies
have highlighted the significance of education in promoting sustainable development.
For instance, Sarwar et al. [11] found that improvements in the quality of education are
associated with a reduction in greenhouse gas emissions in 179 OECD countries. Sim-
ilarly, Tebourbi et al. [12], based on empirical research in ASEAN countries, confirmed
that investment in education significantly reduces carbon emissions in both the short and
long term. However, some studies present a contrasting perspective. Mayer [13] observed
a correlation between increased national investment in education and higher fossil fuel
consumption, resulting in a rise in per capita CO, emissions in a specific nation. Addi-
tionally, Mahalik et al. [14] found that primary education is linked to an increase in carbon
emissions, while secondary education contributes to improved environmental quality in
the BRICS countries. It can be seen that the significance of education in reducing global car-
bon emissions has garnered widespread attention. However, the existing research mostly
focuses on the overall perspective of education, lacking an analysis of the impact of specific
education reform policies.

In fact, some reform policies to improve educational accessibility and inclusion are
also worthy of attention [15], and they have a profound impact on agricultural production.
The free basic education policy is the most typical representative. In rural areas of devel-
oping countries, because of their limited economic circumstances, farmers possess a keen
awareness of the costs associated with education. A common phenomenon in rural areas
is the inability of some families to afford education, resulting in their children dropping
out during the basic education stage [16]. This problem diminishes educational equity and
hinders the accumulation of agricultural human capital, as well as the transfer of knowl-
edge and skills. Hence, the adoption of policies for free basic education in developing
countries holds immense importance in fostering economic and social development in
rural areas. Several studies have confirmed the positive impact of free education policies,
which include reducing dropout rates, promoting gender equality, alleviating poverty, and
stimulating production [17,18]. Regrettably, there are few studies investigating the impact
of free education on the low-carbon transition of agriculture, a topic of great significance
considering the growing environmental challenges of today.

In 2006, the Chinese government implemented the policy of free compulsory education
to enhance the accessibility of education in rural areas. Building upon the original compul-
sory education law, the policy has undergone several pivotal reforms: Firstly, provincial
governments are mandated to coordinate funding for compulsory education, which re-
inforces financial support for public education. Secondly, tuition and miscellaneous fees
are waived for all compulsory education students, and impoverished students receive
subsidies for textbooks and accommodation. Thirdly, schools are prohibited from privately
charging families additional education fees. This policy was gradually implemented in
select provinces starting in the spring of 2006, and by the spring of 2007, all provinces had
successfully completed the reform. This policy has diminished household education ex-
penditures [19], elevated enrollment and graduation rates [20], and enhanced rural human
capital [21]. In addition, it generally enhances the quality of the rural labor force and estab-
lishes a basis for promoting agricultural skills, disseminating knowledge, and advancing
concepts [22]. There is no doubt that these provide the possibility for China’s agricultural
green transformation, but its specific impact and mechanism need to be examined.

In summary, while the importance of education in low-carbon development has been
widely emphasized, not enough attention has been paid to the impact of free education
reforms on the green transformation of agriculture. Therefore, this paper aims to assess the
role of free compulsory education policy in the green transformation of Chinese agriculture.
We attempt to address the following questions: (1) Is China’s agricultural production
transforming towards being green and low-carbon? (2) Does the free compulsory education
policy promote the green transformation of China’s agriculture? (3) What is the mechanism
behind this effect? (4) Are there heterogeneous impacts among different regions?
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These are the main advantages of this study compared to previous research. First, this
paper creatively uses free compulsory education as an entry point to examine its impact on
the green transformation of agriculture. Although the importance of education in a low-
carbon economy is generally recognized, few studies have specifically focused on the role
of universal basic education. We contextualize traditional issues of educational accessibility
and inclusiveness within the framework of sustainable development, thus expanding the
existing research horizons and boundaries. Second, by exploring the mechanism behind
this impact, we gain a better understanding of the link between the popularization of basic
education and the green development of agriculture. This will help resolve the controversy
surrounding the role of basic education in environmental research and deepen understand-
ing of the value and contribution of basic education to sustainable development. At the
same time, this research process can further elucidate the drivers of green transformation in
agriculture. Finally, some exploratory analyses in this article can provide policy inspiration
for developing countries to popularize education and reduce agricultural emissions.

The remaining sections are organized as follows. Section 2 is the literature review and
research hypothesis. Section 3 is the research design, which introduces the econometric
model, variables selection, and data source of this paper. Section 4 is the empirical analysis
results, including benchmark regression, parallel trend test, and robustness test. Section 5
conducts empirical studies of the influencing mechanism, and Section 6 investigates the
regional heterogeneity of the policy effect. Finally, Section 7 concludes and proposes several
policy suggestions.

2. Literature Review and Hypothesis Development
2.1. Education and Green Transformation of Agriculture

Education is closely related to the progress of agricultural production. Since the
seminal work of Schultz [23], scholars have increasingly focused on the crucial role of
education in agricultural production. It is widely held that enhancing farmers’ educational
attainment can lead to increased efficiency in agricultural production [24-26]. In recent
years, driven by the intensification of environmental challenges, there has been a growing
interest in understanding the impact of education on the green transformation of agricul-
ture. For example, numerous studies have incorporated education as a key variable in
examining the factors that influence green total factor productivity in agriculture [27,28].
There are also studies that investigate environmental education and its effects on farmers’
low-carbon practices [29,30]. Additionally, some studies have highlighted the moderat-
ing role of educational human capital in investigating the influence of other factors on
green production [31,32].

According to Welch [33], education primarily influences agriculture through two ef-
fects: the “worker effect” and the “allocative effect”. The former describes a phenomenon
in which well-educated workers possess the skills to complete specific production tasks,
thereby increasing labor productivity [34]. In contrast, the latter is characterized by the
ability of an educated worker to efficiently allocate resources by acquiring and decoding
information about the costs and productive characteristics of other inputs [35]. For agri-
cultural green production, education also involves the two similar impact mechanisms
described above. On the one hand, education can enhance the knowledge and skills of
farmers, facilitating the development and adoption of environmentally friendly production
technologies [36], thereby improving resource utilization efficiency. On the other hand,
education has the potential to increase farmers” access to information [37], giving them a
more realistic grasp of the costs and hazards of agricultural pollution and helping them
make decisions that favor low-carbon agriculture [38].

Free compulsory education is a program aimed at promoting education populariza-
tion, and it has two main characteristics. First, it is compulsory, requiring all school-age
children to receive at least nine years of education. This compulsory education has been
shown to significantly increase the number of years of schooling for citizens in certain
countries, leading to positive effects on both individual and societal development [39-41].
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Secondly, free of charge, the policy exempts tuition and miscellaneous fees at the primary
and junior high school levels. This government transfer payment has the potential to
lower children’s dropout rates and enhance their academic achievement [42—44]. Since its
implementation, the policy has received widespread praise and recognition in Chinese
society. For example, some studies have demonstrated its positive impact on reducing
family education burdens [19], increasing children’s enrollment rates [45], and improving
the overall quality of the population [46].

In summary, the free compulsory education policy has contributed to the populariza-
tion of basic education in rural areas. Farmers” knowledge and skills have been upgraded,
which has laid the foundation for a green transformation of agriculture. Therefore, the
following hypothesis is proposed:

H1. The FCE policy contributes to the green transformation of agriculture.

2.2. The Impact Mechanism of FCE Policy on Green Transformation of Agriculture

As previously discussed, education can influence agricultural green production through
two distinct mechanisms. In this paper, we posit that the specific roles of these two mecha-
nisms are as shown in Figure 1.
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Figure 1. The impact mechanism of FCE policy on green transformation of agriculture.

Firstly, cultivate awareness of green production. According to the behavioral eco-
nomics standpoint, individuals” comprehension of ecological issues has a significant impact
on both their lifestyle choices and production behavior [47,48]. Research has shown that
schooling has the potential to nurture positive ecological awareness and promote environ-
mentally friendly behavior through various channels, including textbooks, lessons, and
peer influence [49-51]. Although free compulsory education is a fundamental education
dissemination program, it also plays a significant role in raising the ecological conscious-
ness of Chinese farmers. With an increasing number of rural children enrolling in schools
and receiving both scientific and moral education, their environmental awareness is subtly
influenced. And, in environmentally vulnerable regions of China, compulsory education
schools have introduced specialized environmental courses to cultivate students’ green
concepts and behaviors [52]. Moreover, this policy has not only fostered the development
of ecological awareness in children from an early age but has also indirectly influenced the
production practices of their parents. Therefore, the second hypothesis is proposed in this
paper as follows:

H2. Cultivating the awareness of green production is an important mechanism for FCE to affect the
green transformation of agriculture.

Secondly, develop green production technology. As scholars consistently emphasize,
there exists a close connection between education and technological innovation [53,54].
This paper argues that the free compulsory education policy has laid the groundwork
for technological innovation in agriculture. On the one hand, free compulsory education



Agriculture 2024, 14, 675

50f19

not only improves access to basic education, but also provides opportunities for farmers
to pursue vocational and higher education [55]. When rural children have access to uni-
versities, they are more inclined to choose majors related to agricultural production [56],
thereby contributing to the updating and iteration of agricultural production technologies.
On the other hand, numerous farmers have acquired essential knowledge and informa-
tion through free compulsory education, allowing them a more scientific comprehension
of agricultural production [35]. This means that when new production technologies are
introduced, well-educated farmers are more likely to adopt and incorporate them into
their farming practices [57]. Therefore, promoting the development and adoption of green
production technologies can be a significant way in which free compulsory education influ-
ences agricultural green total factor productivity. Thus, we propose the third hypothesis:

H3. Developing green production technology is an important mechanism for FCE to affect the
green transformation of agriculture.

3. Research Design
3.1. Model Settings

The difference-in-difference (DID) model is a commonly used method for evaluating
the impact of public policies. The standard DID method requires the presence of both a
control group and an experimental group. This means that policy interventions should
only be implemented in certain areas, while leaving other areas unaffected by the policy.
However, the FCE policy is a nationwide policy and cannot satisfy the premise assumption
of setting a control group in the standard DID model. Fortunately, the improved quasi-
DID method in the studies of Nunn and Qian [58] and Yang et al. [59] made it possible
to conduct this study. The quasi-DID method does not require a strict division between
control and experimental groups. It allows for the use of continuous variables to measure
the intensity of policy intervention. The effect of the policy is captured by constructing
an interaction term between the intensity of policy intervention and the dummy variable
of policy implementation. This empirical strategy has been widely used in some related
research in recent years [60-62].

In this paper, the main change in the FCE policy is the increase in government fi-
nancial investment in education. Then, the amount of government financial investment
in education can reflect the strength and level of implementation of the FCE policy in
different areas. Therefore, we leveraged the intensity of government investment in rural
compulsory education to discern the relative impact of free compulsory education policy.
The corresponding econometric model is as follows:

AGTFP;; = g + ogpInvest;; X Policy;, +vXit + 1 + At + € (1)

where i represents a province and t represents a year. AGTFP}; is the dependent variable,
representing the agricultural green total factor productivity of a province. Invest;; repre-
sents the intensity of public investment in compulsory rural education in a given region,
while Policy;, is a dummy variable indicating whether the reform of free compulsory edu-
cation was implemented. Xj; denotes a series of control variables that may impact AGTFP.
To account for unobserved regional characteristics and economic cycles, fixed effects for
provinces (y;) and years (A¢) are incorporated into the model. ¢j; is an error term, which
includes other factors influencing AGTFP. In the above equation, we are interested in «;,
which captures the effect generated by the implementation of the FCE policy.

3.2. Variable Definitions
3.2.1. Dependent Variable
This paper uses green total factor productivity (GTFP) as a measure of agricultural

green transformation. After comparing various methods for measuring GTFP, we chose
to use the global Malmquist-Luenberger (GML) index based on the slack-based measure
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(SBM) directional distance function for the calculation. This model has several advantages
over traditional DEA models. Firstly, it avoids the issue of efficiency evaluation bias
caused by radial and angular factors. It circumvents the issue of overestimating the
efficiency of the evaluation object by accounting for slack variables, thereby enhancing
the accuracy of production efficiency measurement [63,64]. Secondly, the GML index has
both multiplicative and transitive properties, allowing it to capture changes in total factor
productivity and ensuring global comparability of the production frontier [65]. In the
current research, some scholars have combined these two methods to create a GML index
based on the SBM directional distance function.

Referring to the existing research and considering the availability of agricultural
production data [66,67], we constructed the indicator system of AGTFP measurement. As
depicted in Table 1, the input indicators include labor force, land, machinery, irrigation,
fertilizer, pesticide, and plastic film. The expected output is the total output value of
agriculture, forestry, animal husbandry, and fishery. Finally, we utilized the methods of
Liu et al. [68] and Han et al. [69] to measure the total carbon emissions from agricultural
production processes in each province, serving as an unexpected output indicator.

Table 1. The input and output variables of AGTFP.

Variable Variable Measurement
Input variables Labor input The number of agricultural employees
Land input Total area sown to crops
Machinery input Total power of agricultural machinery
Irrigation input Effective irrigation area
Fertilizer input Application amount of agricultural chemical fertilizer
Pesticide input Amount of pesticide use
Plastic film input Application amount of agricultural plastic film
Output variables Expected output Total output value of agriculture, forestry, animal husbandry and fishery
Unexpected output Agricultural carbon emissions

It should be noted that the GML index calculated by the SBM-GML model represents
the relative change in total factor productivity between two periods. However, this result
may not be directly comparable throughout the entire cycle [70]. Therefore, it is often
necessary to convert it into a cumulative index when using it as an independent variable [66].
This paper uses the following cumulative multiplication formula for the calculation:

AGTFP,,; = GML!™! . AGTFP; 2)

In Equation (2), AGTFP; is the agricultural green total factor productivity in year t,
and its base period value is set to 1. GML{T! denotes the change in production efficiency
in period t 4 1 compared to period t. From this, the cumulative index of the agricultural
green total factor productivity in each year can be calculated.

3.2.2. Independent Variable

The independent variable is the free compulsory education policy, which is measured
by Invest;; x Policy;, in accordance with the concept of quasi-DID. Invest is the intensity of
government investment in rural education, measured as the natural logarithm of public
financial investment in rural primary and secondary schools. Policy is a dummy variable
indicating whether or not the free compulsory education reform was implemented in a
province. If not implemented, then Policy = 0, and after implementation in 2006 or 2007,
Policy = 1.

3.2.3. Control Variables

In order to control the impact of other factors on AGTFP and reduce potential biases in
policy effectiveness evaluation, based on existing studies [68,71], we included agricultural
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structure, natural disasters, economic openness, industrialization, and urbanization as
control variables in our empirical model.

The selection reasons and specific definitions of control variables are as follows:
(1) agricultural production structure (AS), defined as the proportion of the output value of
the plantation industry to the total output value of agriculture, forestry, animal husbandry,
and fishery. Some studies have found that the agricultural production structure influences
agricultural green total factor productivity, with a higher proportion of plantation industries
making it easier to achieve intensive and green transformation [68]; (2) degree of agricul-
tural disaster (AD), defined as the proportion of the area affected by the disaster to the total
sown area of crops. Natural disasters increase uncertainty in agricultural production, which
may hurt agricultural yields and reduce farmers’ motivation, thus affecting green total
factor productivity in agriculture [72]; (3) degree of economic openness (EO), defined as the
proportion of trade import and export volume to the GDP. International trade has stricter
standards for the environmental impact and sustainability of agricultural products, which
can stimulate quality improvement and technology application in agricultural production
in trading countries [73]; (4) industrialization level (IL), defined as the proportion of the
output of the secondary sector to the GDP. The development of modern industry can
provide agriculture with sufficient resources, abundant equipment, advanced technology,
and a broad market, thus making efficient and clean agricultural production possible [74];
(5) urbanization level (UL), defined as the proportion of the permanent urban population
to the total population. Urbanization promotes the transfer of surplus rural labor and the
intensification of agricultural production, and is important for resource allocation, capital
application, and technological spillovers in agriculture [75].

3.3. Data and Sample

This paper conducted research using panel data from 30 provinces in China from
2002 to 2015. Firstly, the study sample was limited to the provincial level, primarily due
to the fact that provincial governments are the primary units responsible for education
investment and management in China. More importantly, the free compulsory education
policy is implemented in batches at the provincial level. Among all 34 provinces in China,
Hong Kong, Macao, and Taiwan were excluded due to different education systems, while
Tibet was excluded due to missing data. Ultimately, the remaining 30 mainland Chinese
provinces were selected as the study sample. They included the 11 developed eastern
provinces of Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shan-
dong, Guangdong, and Hainan, and the 19 less developed central and western provinces of
Jilin, Heilongjiang, Shanxi, Anhui, Jiangxi, Henan, Hubei, Hunan, Inner Mongolia, Guangxi,
Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.

Secondly, the study period of this paper was set from 2002 to 2015, which effectively
covered the stages before and after the implementation of free compulsory education. The
time starting point for the study was chosen primarily due to data constraints, with 2002
being the earliest year for which the research data needed for this paper could be obtained.
The year 2015 was set as the end point of the study time. It has been 9 years since the
completion of the policy implementation (2007), which meets the requirement of observing
the effects of the policy. Furthermore, this will not make the gap between the observation
periods before and after the policy too large, thereby affecting the empirical results.

The data regarding agricultural production were primarily obtained from the China
Rural Statistical Yearbook. The data concerning free compulsory education in rural areas
were mainly taken from the China Education Yearbook and the China Education Funding
Statistical Yearbook. Other data including control variables were mainly derived from
the China Statistical Yearbook and the China Environmental Statistics Yearbook. The
websites of the National Bureau of Statistics, the Ministry of Agriculture, the Ministry of
Education, and provincial governments served as supplementary data sources. Moreover,
some missing values were filled in through linear interpolation. Descriptive statistics
results for each variable are displayed in Table 2.
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Table 2. Descriptive statistics of the variables.
Variable N Mean SD Min Max
AGTFP 420 1.476147 0.4044338 0.9550935 3.05308
Invest 420 152.0978 138.8497 5.20391 675.9465
Policy 420 0.6880952 0.4638237 0 1
AS 420 0.5197668 0.0872377 0.341899 0.7458022
AD 420 0.2479941 0.1484771 0 0.9356124
EO 420 0.3208914 0.3729031 0.0152303 1.75692
IL 420 0.4478055 0.0790219 0.178 0.62
UL 420 0.4876658 0.1576914 0.1485943 0.8977422

4. Empirical Result and Discussion
4.1. Estimation Results of AGTFP

Using the GML index of the SBM directional distance function, we calculated the green
total factor productivity of agriculture in China from 2003 to 2015. Figure 2 illustrates the
general trend of AGTFP and its decomposition in China during the observation period. The
average value of the GML index from 2003 to 2015 is 1.053, indicating an annual increase in
China’s AGTFP by 5.3%. These results demonstrate a continuous improvement in China’s
agricultural production, with a gradual shift towards low-carbon and environmentally
friendly practices. The index decomposition reveals an average GTC value of 1.049 and an
average GEC value of 1.007, indicating that technological progress is the primary driver of
AGTFP. Similarly, looking further at the overall trend of change, the GML curve is basically
in line with the GTC curve and has a low correlation with the GEC curve. These findings
are consistent with the conclusions of Song et al. [76] and Luo et al. [77] that the green total
factor productivity of Chinese agriculture is steadily improving.
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Figure 2. Time evolution trend of China’s AGTFP (2003-2015).

To provide insight into the characteristics of provincial AGTFP, Figure 3 further shows
the average value of AGTFP by province from 2003 to 2015. The average AGTFP for all
30 provinces falls between 1.0171 and 1.0907, suggesting that each province has seen some
improvement in its green agricultural production. Notably, the provinces with the fastest
AGTFP growth are Shandong, Shanxi, Heilongjiang, Shaanxi, Ningxia, Henan, Hebei,
Chongging, Anhui, Hubei, Jiangsu, Liaoning, and Hunan, with an average annual growth
rate exceeding 5.8%. These provinces are located in the North China Plain, the Middle
and Lower Yangtze Valley Plain, and the Northeast China Plain. They are China’s major
agricultural production areas, with large agricultural populations and highly intensive
arable land. The province with the lowest average AGTFP value is Qinghai, with an
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average annual growth rate of 1.7%. This can be attributed to its location in the most
environmentally fragile and economically underdeveloped region in China, which poses
significant constraints on agricultural development.
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Figure 3. Average provincial AGTFP from 2003 to 2015.

4.2. The Impact of FCE on AGTFP

The primary objective of this paper is to assess the influence of the FCE on AGTGP
using the quasi-DID method. The results of the benchmark regression are presented in
Table 3. According to the model setup, the fixed effect of years and regions are added
to the regression. In column (1), without controlling for other variables, the coefficient
of Invest x Policy is positive and statistically significant at the 1% level. In column (2),
variables related to agricultural structure, disasters, openness, industrialization, and urban-
ization are incorporated, and the coefficient of the policy interaction term is still significantly
positive at the 1% level. This result suggests that the Chinese government’s free compulsory
education reform is conducive to the green transformation of agriculture, which is in line
with the theoretical expectations of hypothesis 1. Furthermore, in columns (3) and (4), we
examine the effects of implementing the free education policy in primary schools and junior
high schools, respectively. Both columns show statistically significant results, providing
strong evidence for the robustness of our findings.

The above results confirm the importance of education in achieving low-carbon de-
velopment in agriculture. As economists consistently emphasized, human capital and
technological progress are the drivers of sustained economic growth, and neither can be
achieved without the development of education [78,79]. In the context of a low-carbon
economy, education also assumes a crucial role, profoundly influencing the shaping and
dissemination of cleaner production awareness and technologies [80]. In China, the en-
forcement of free compulsory education has significantly enhanced rural human capital,
enabling over 95% of rural children to successfully complete primary and secondary ed-
ucation. More importantly, the policy has enhanced education accessibility, allowing
bottom-feeding farmers to obtain the essential knowledge and skills needed for cleaner
production. This conclusion holds significant implications for the low-carbon transforma-
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tion of agriculture in developing countries. A detailed analysis of the impact mechanism
will be conducted in the subsequent sections.

Table 3. Estimation results of the basic model.

(1) (2) 3 )

Variable
AGTFP AGTFP AGTFP AGTFP
Invest x Policy 0.0140 *** 0.0115 *** 0.0117 *** 0.0126 ***
(0.00391) (0.00324) (0.00332) (0.00361)
AS 1.283 * 1.281 * 1.281*
(0.663) (0.663) (0.661)
AD —0.190 ** —0.190 ** —0.191 **
(0.0751) (0.0751) (0.0752)
EO 0.369 ** 0.369 ** 0.368 **
(0.158) (0.158) (0.158)
IL —0.699 —0.701 —0.697
(0.808) (0.809) (0.806)
UL 0.743 0.744 0.735
(0.538) (0.539) (0.536)
Year Fe Yes Yes Yes Yes
Province Fe Yes Yes Yes Yes
N 420 420 420 420
R? 0.833 0.855 0.855 0.855

Note: ***, ** and * are significant at the level of 1%, 5%, and 10%, respectively. The values in the parentheses are
standard errors.

4.3. Parallel Trend Test and Dynamic Effects Analysis

An important prerequisite for using the DID model is to satisfy the parallel trend
assumption. It requires that before the policy is implemented, the treatment group and the
control group should have the same variation trend. Given this, we draw on the research of
Nunn and Qian [58] to conduct a dynamic DID estimation to determine whether the trend
is parallel before FCE reform. At the same time, the dynamic impact of policies on AGTFP
under multiple time points is further analyzed. The model is as follows:

2015
AGTFPy; = oy + Z asInvest; x Policy; + vXit + Wi + At + €jt 3)
t=2003

where Policy} is a dummy variable. s refers to the period from 2003 to 2015, and because
the year 2002 is used as the base period, it does not include 2002. In addition, t is the year
when t = s and Policy; = 1; otherwise, it is set to 0. In Equation (3), we are interested in .
If it is significant before 2007, then it indicates that AGTFP was already affected before the
policy was implemented and the parallel trend hypothesis is not valid.

Figure 4 presents the results of the dynamic DID estimation. It is evident that the
coefficient o is not statistically significant prior to 2007. This indicates that education
investment intensity did not contribute to the AGTFP gap before the implementation
of the FCE policy. Therefore, the research satisfies the parallel trend assumption, and
the conclusion is convincing. In terms of dynamic effects, the interaction term gradually
becomes statistically significant after 2007, and the coefficient value continues to increase.
This means that the positive impact of FCE on AGTFP continues to strengthen over time.
As is commonly acknowledged, education typically requires continual and sustained
investment. In the early stages of free compulsory education, resource investment and
system construction were not yet complete, resulting in limited effects. As the reform
deepened, farmers’ knowledge and skills continued to improve, ultimately promoting the
improvement of AGTFP.
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Figure 4. Parallel trend test results.

4.4. Robustness Check

To guarantee the dependability of the empirical findings, this paper performs a range
of robustness tests. Three methods are mainly used: replacing the dependent variable,
estimating with a subsample, and excluding interference from other policies.

4.4.1. Taking Agricultural Carbon Emissions and Energy Ultilization as the Dependent Variable

Carbon emissions [81] and energy utilization [82] are important indicators reflecting
the green development of agriculture. Therefore, we replace AGTFP with these two
indicators as dependent variables for robustness testing (Table 4). Firstly, we calculate
the carbon emission intensity of agricultural production, measured by the carbon dioxide
emitted per unit of agricultural output value. Column (1) indicates that the FCE policy
has a significant negative correlation with agricultural carbon emission intensity, and
columns (2) and (3) also show the same results for primary and junior high school tests.
This suggests that free compulsory education reduces the intensity of agricultural carbon
emissions. Furthermore, agricultural energy utilization is used as the dependent variable,
which is measured by the agricultural output value created by unit energy consumption
(water, electricity, and diesel). Column (4) shows that the FCE policy promotes the level of
energy utilization in agricultural production, and the primary and junior high school tests
in columns (5) and (6) also support this result. It can be seen that the above results verify
the role of the FCE policy in reducing carbon emissions and improving energy utilization,
and fully prove the robustness of the baseline regression conclusion.

Table 4. Impact of free compulsory education on agricultural carbon emissions and energy utilization.

(1)

(2) (3) 4) (5) (6)

Variable
Carbon Emissions Carbon Emissions Carbon Emissions Energy Utilization Energy Utilization Energy Utilization
Invest x Policy —0.0252 *** —0.0261 *** —0.0266 *** 0.00383 *** 0.00396 *** 0.00407 ***
(0.00533) (0.00553) (0.00551) (0.00087) (0.00089) (0.00093)

Control variables Yes Yes Yes Yes Yes Yes
Year Fe Yes Yes Yes Yes Yes Yes
Province Fe Yes Yes Yes Yes Yes Yes
N 420 420 420 420 420 420

R? 0.511 0.512 0.508 0.487 0.488 0.486

Note: ***, ** and * are significant at the level of 1%, 5%, and 10%, respectively. The values in the parentheses are
standard errors.
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4.42. Estimation with Subsample

The benchmark regression includes some special regions in China, such as Beijing,
Tianjin, Shanghai, and Chonggqing, which are directly under the jurisdiction of the cen-
tral government. These areas have special political status, developed economies, and
a low proportion of agriculture. Including them in benchmark regressions may lead to
biased empirical results. For this reason, we exclude the above regions in the subsample
regression. The results, as shown in Table 5, show that the coefficient of the interaction
term for the free compulsory education policy in column (1) remains significantly posi-
tive. Columns (2) and (3), divided into primary and secondary schools, also align with the
previous regression. This demonstrates that the empirical results of this paper are robust.

Table 5. Subsample estimation.

(1)

(2)

(3)

Variable
AGTFP AGTFP AGTFP
Tnvest x Policy 0.0119 *** 0.0120 *** 0.0132 ***
(0.00348) (0.00355) (0.00391)
Control variables Yes Yes Yes
Year Fe Yes Yes Yes
Province Fe Yes Yes Yes
N 364 364 364
R2 0.868 0.868 0.869

Note: ***,** and * are significant at the level of 1%, 5%, and 10%, respectively. The values in the parentheses are
standard errors.

4.4.3. Excluding Interference of Other Policies

During the same period, the Chinese government implemented diverse policies aimed
at fostering agricultural development and encouraging environmentally friendly pro-
duction. Failure to exclude these policy disturbances may lead to overestimation of the
empirical results. For example, the exemption of agricultural taxes (AT), the promotion
of agricultural insurance (Al), and the introduction of the Scientific Outlook on Develop-
ment (SOC) may all have an impact on agricultural green production. In line with the
approach taken by Yao and Xi [83], this paper incorporated these policies into the model
and includes corresponding dummy variables as controls. As shown in Table 6, even
after controlling for various policies in columns (1)-(3), Invest x Policy is still significantly
positive at the 1% level. This suggests that the conclusion regarding FCE promoting green
agricultural development is reliable, provided that policy interference during the same
period is excluded.

Table 6. Excluding interference of other policies.

1)

(2) (3)

Variable
AGTFP AGTFP AGTFP
Invest x Polic 0.0117 *** 0.0114 *** 0.0116 ***
y (0.00329) (0.00334) (0.00329)
0.110 **
AT (0.0530)
0.0241
Al (0.0315)
0.591 ***
s0C (0.151)
Control variables Yes Yes Yes
Year Fe Yes Yes Yes
Province Fe Yes Yes Yes
N 420 420 420
R2 0.863 0.861 0.861

Note: ***,** and * are significant at the level of 1%, 5%, and 10%, respectively. The values in the parentheses are

standard errors.
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5. Influencing Mechanisms

From the analysis presented above, it is evident that the FCE policy can significantly
promote AGTFP. However, the mechanism behind this impact is not yet fully understood.
Therefore, this section will delve into how free compulsory education contributes to the
green transformation of agriculture. We draw on the approach of Yang et al. [84] and
Chen et al. [85] to analyze the mechanism of influence, first extracting potential mech-
anism variables through theoretical analysis, and then testing the mechanism variables
separately. Based on the theoretical analysis of hypothesis 2 and hypothesis 3, the influence
mechanism may have two distinct pathways: awareness cultivation and technological
progress. This section sets up the following model to empirically test the above two
potential mechanism variables.

GPA;; = Bg + oqInvest;; x Policy;, +vXie + 1y + At + €t 4)

GPT;; = 0¢ + 01Invest;; x Policy;, +vXit + 1 + A¢ + € (5)

In the above equation, GPA denotes the green production awareness and GPT denotes
green production technology. GPA is measured by the use of rural solar energy, which is
an environmentally friendly energy source that can reduce carbon emissions. The adoption
of clean energy reflects the environmental consciousness of farmers and is a significant
indicator of low-carbon production practices [86]. GPT is measured by the number of green
patents in agriculture, which can effectively reflect the development and application of
cleaner production technologies in agriculture. In the current literature, agricultural green
patents are also considered as a key factor driving the improvement of AGTFP [87].

Table 7 presents the empirical results of the two impact paths. Columns (1) and (2)
display the regression results for the effect of green production awareness. The estimated
coefficients are significantly positive at a 5% statistical level, whether or not control variables
are taken into account. This implies that free compulsory education promotes the spread
of clean energy in rural areas, reflecting the increased level of farmers” awareness of low-
carbon and environmental protection. Columns (3) and (4) show the impact of policies on
green production technologies, and the estimated coefficient is also positively significant at
the 5% statistical level. It can be seen that the implementation of free compulsory education
has contributed to the increase in green patents, thereby nurturing the advancement and
utilization of agricultural environmental protection technologies. These findings provide
strong support for hypotheses 2 and 3 presented in this paper.

Table 7. Estimated results of influencing mechanism.

1) (2 3 @

Variable
GPA GPA GPT GPT
Invest x Policy 5.164 ** 4.441 ** 6.974 ** 6.158 **
(2.244) (2.177) (3.006) (2.602)
CO.n trol No Yes No Yes
variables
Year Fe Yes Yes Yes Yes
Province Fe Yes Yes Yes Yes
N 390 390 420 420
R? 0.362 0.463 0.332 0.428

Note: ***,** and * are significant at the level of 1%, 5%, and 10%, respectively. The values in the parentheses are
standard errors.

Drawing insights from China’s policy practice, we can gain a more profound under-
standing of this influencing mechanism. China’s compulsory schools assume the respon-
sibility and role of ecological education, which fosters environmental awareness among
rural children [88]. In the process, the parents’ ecological awareness will also be influenced
by their children’s subtle influence, thus adopting low-carbon production behaviors. At
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the same time, free compulsory education not only provides farmers with the knowledge
they need, but it also increases their chances of attending university. This creates a strong
foundation of human capital for the development and application of cleaner production
technologies in agriculture [46]. The above conclusions are consistent with the perspectives
of Zafar et al. [89] and Voumik and Ridwan [90] on the relationship between education and
environmental protection. Therefore, it is reasonable to conclude that awareness cultiva-
tion and technological progress are significant channels for free compulsory education to
influence agricultural green total factor productivity.

6. Regional Heterogeneity

The previous section has established the recognition of the impact of FCE on AGTFP
and its mechanisms. However, it only reflects the policy’s overall effect and does not
account for the differences in impact on different regions. In the context of China’s highly
uneven regional development, there are significant variations in the economic strength,
educational foundation, and agricultural conditions of different provinces. Hence, it is
necessary to further consider the potential heterogeneity of the sample and explore the
varied impact of policies on different regions. Given this, this section analyzes heterogeneity
by dividing the sample into developed eastern provinces and less developed central and
western provinces based on geographic location and economic level.

The estimated findings pertaining to eastern provinces are delineated in Table 8. In
column (1), it is evident that FCE has a significant positive impact on AGTFP in the de-
veloped eastern provinces. Columns (2) and (3) further examine the mechanism behind
this relationship and the findings suggest that in the eastern region, FCE primarily im-
proves agricultural production technology and does not have a significant effect on farmers’
ecological awareness. This finding is consistent with the current state of education and agri-
cultural development in China. As the eastern provinces have a more advanced economy;,
farmers already possess better production and environmental knowledge [91], which may
overshadow the impact of the FCE policy on ecological awareness. Additionally, the strong
economic and industrial foundation in these provinces provides a favorable environment
for the development and implementation of cleaner production technology [92].

Table 8. Estimated results of the eastern region.

(V0] 2) (3)

Variable
AGTFP GPA GPT
Invest x Policy 0.0152 ** 3.652 5.850 **
(0.00582) (3.001) (2.646)
Control variables Yes Yes Yes
Year Fe Yes Yes Yes
Province Fe Yes Yes Yes
N 154 143 154
R2 0.874 0.740 0.657

Note: ***,** and * are significant at the level of 1%, 5%, and 10%, respectively. The values in the parentheses are
standard errors.

Table 9 presents the results for the central and western provinces. Similarly, the results
in column (1) indicate that FCE also enhances AGTFP in these regions. However, there is a
difference in the mechanism of decomposition. Columns (2) and (3) demonstrate that the
policy increases farmers’ environmental awareness rather than promoting environmentally
friendly agricultural technologies. This is attributed to the relatively backward economy
in the central and western regions, where illiteracy and dropout rates among farmers
persist at high levels [93]. As a result, the most immediate impact of free compulsory
education is the improvement of rural education levels in these regions, leading to a sig-
nificant number of farmers gaining scientific production knowledge and concepts. On the
contrary, the development of emerging production technologies faces numerous challenges
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in the central and western regions due to constrained production conditions and a fragile
natural environment [94].

Table 9. Estimated results of central and western regions.

(W0) ) 3)

Variable
AGTFP GPA GPT
Invest x Policy 0.0106 ** 4416 ** —0.244
(0.00380) (2.174) (0.872)
Control variables Yes Yes Yes
Year Fe Yes Yes Yes
Province Fe Yes Yes Yes
N 266 247 266
R? 0.890 0.377 0.368

Note: ***, ** and * are significant at the level of 1%, 5%, and 10%, respectively. The values in the parentheses are
standard errors.

The finding of the heterogeneity analysis indicates that the impact mechanism of FCE
on AGTFP varies across different regions. This conclusion is consistent with the results
of previous studies. In areas with better capital and labor conditions, it is possible to
promote and actively create cleaner agricultural production technologies [28]. Conversely,
in underdeveloped areas facing challenging natural and economic conditions, it is crucial
to enhance farmers’ labor skills and ecological awareness [95]. This requires the FCE policy
to be adapted to local conditions and provides the necessary support for weak links in the
green transformation of local agriculture. For instance, in economically disadvantaged
countries, it may be easier and faster to attain policy outcomes by imparting basic clean
production knowledge to farmers through FCE.

7. Conclusions and Implications

With the increasing impact of global climate change, the focus on low-carbon and
eco-friendly development has become a key topic in economic and environmental re-
search in recent years. While the importance of education in promoting a green economy
has long been recognized, there are still debates and limitations surrounding this topic.
Therefore, using the quasi-DID approach, this paper explores the impact of the free com-
pulsory education policy on green total factor productivity in agriculture and analyzes
the potential transmission mechanisms. The research findings are as follows: (1) The free
compulsory education policy has contributed to an improvement in agricultural green
total factor productivity. After parallel trends and robustness tests, this conclusion is still
valid. (2) Mechanism decomposition indicates that awareness cultivation and technologi-
cal improvement are important influencing pathways. By enhancing farmers’ ecological
awareness and agricultural green technology, free compulsory education has a profound
impact on the scientization and modernization of agricultural production. (3) The impact
of the free compulsory education policy varies across different regions. In developed
provinces, the policy has mainly promoted the development of green production technolo-
gies, while in less developed provinces, policies have mainly favored the cultivation of
farmers’ ecological awareness.

According to the conclusions drawn in this paper, there are important policy implica-
tions that should be considered.

(1) China’s practice of free compulsory education shows that universal basic education is
conducive to the green transformation of agriculture, which provides empirical evi-
dence for other countries. Governments should prioritize the role of basic education in
the green transformation of agriculture and actively implement programs to increase
access to education in rural areas. In particular, it is necessary to increase public
financial support for rural education and lower the cost of family education through
transfer payments. This measure is essential to prevent farmers from discontinuing
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References

education due to financial constraints, ultimately contributing to the enhancement of
human capital in agriculture.

(2) Itis essential to recognize the importance of ecological awareness and green tech-
nology in driving green transformation. Therefore, in promoting free compulsory
education, it is crucial to actively provide courses, teaching materials, and training
related to green production. For example, green awareness enlightenment should be
conducted at the primary school level, while corresponding scientific knowledge and
production skills should be taught at the junior high school level.

(3) Itisimportant to acknowledge that the impact of policies may vary in different regions.
Therefore, the content of education popularization projects should be consistent
with local economic and social development characteristics. In developed regions,
where farmers already possess high ecological awareness, policies should focus on
technological advances for cleaner agricultural production. In less economically
developed regions, where conditions for the diffusion of emerging technologies may
not be available, actively promoting green awareness among farmers may be a more
effective approach.

This paper provides valuable insights into the role of basic education popularization
in promoting agricultural green transformation, but it also has certain limitations. Firstly,
our research area is limited to the provincial level, and the research observation period
is relatively short. Future studies could be further refined to the city and county level to
fully take into account the agricultural and educational characteristics of different regions.
Moreover, observations from longer study periods can test the long-term effects of policies
and generate more persuasive evidence. Secondly, due to limited data availability, our
analysis of impact mechanisms is relatively simplistic. In future research, a more systematic
deconstruction and interpretation of these mechanisms could be carried out from a micro-
perspective. This would help to further understand the intrinsic relationship between
education and green development.
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