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Given the overlapping characteristics of poverty-stricken counties within key ecological
function zones and ecologically fragile areas in China, this study takes the sample of
393 state-designated poverty-stricken counties from 2011 to 2018 and uses the
differences-in-differences model to test the influence of forest resource protection on
economic growth and its mechanism under the carbon neutrality target. The empirical
research proves how to break the “green paradox” and “poverty curse” in the process of
Chinese ecological civilization construction and targeted poverty alleviation and how policy
tools integrate emission reductions with carbon-sequestration increase and achieve
sustainable development. The results show that 1) the economic growth of poverty-
stricken counties cannot be separated from industrialization, urbanization, and financial
system; 2) China’s poverty-stricken counties have achieved an initial decoupling of carbon
emissions from economic growth; 3) forest resource protection represented by forest
coverage and stock changes the carbon emissions through emission reductions with
carbon-sequestration increase and affect the economic growth of poverty-stricken
counties; and 4) the reduction of total carbon emissions in poverty-stricken counties
further enhances the role of forest resource protection in promoting county economic
growth. Taking the 13th Five-Year Plan for eco-environment protection as the starting
point, this research reveals different paths and impacts selected by Chinese local
governments in poverty alleviation.
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1 INTRODUCTION

The development of a county’s economy is an important basis for the prosperity of the rural economy
and the development of small towns and also an important way to absorb the transfer of the surplus
rural labor force and increase farmers’ income. Since 2012, all 832 poverty-stricken counties and
98.99 million rural poor people in China have been lifted out of poverty1. In 2020, the per capita
disposable income of rural residents in poor areas was 12,588 yuan, an increase of 8.8% over the
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previous year, showing great vitality in the economic
development of poverty-stricken counties2. However, economic
growth is not sufficient for poverty reduction. If growth is at the
cost of excessive exploitation and uneven distribution of
resources, it will cause prominent ecological damage,
unsustainable economic development, and hinder the
effectiveness of poverty reduction.

China has clearly defined the goal of “carbon neutrality before
2060,”which will also produce extensive and profound changes to
forest ecology, environmental quality, and economic
development of poverty-stricken counties (Cai et al., 2021; Shi
et al., 2022). Most of China’s poverty-stricken counties overlap
geographically with ecologically fragile areas and key ecological
function areas (Liu et al., 2017). Against the background of the
overall reduction in global forest resources, China’s forest
coverage has increased from 12.7% in the early 1970s to
23.04%. The forest area and forest stock have maintained a
two-fold growth for more than 30 consecutive years. The total
carbon reserves of forest vegetation are 9.2 billion tons, with an
average annual growth of more than 200 million tons, which is
equivalent to 700 million to 800 million tons of carbon
sequestration. But forest coverage is still below the global
average of 31%, and forest stock per unit area is only 78% of
the global average3. Forest carbon sequestrations play an
increasingly important role in realizing carbon neutrality
targets, and poverty-stricken counties have high potential to
increase carbon sequestration in forest resource protection.

Forest ecological products and services are mostly public
goods and often need government policy intervention to
reverse market failure in the allocation of forest ecological
resources. For the first time, China has put forward the
document of “poverty” and “ecology” at the national level
dating back to the year 1994 “the program of state’s storming
the fortifications in the work of helping the poor (1994–2000).”
The decision of the CPC Central Committee and the State
Council on Winning the Battle against Poverty issued in 2015
further proposed to give ecological protection priority to poverty
alleviation and development. The restrictive indicators of forest
coverage and forest stock in ecological and environmental
protection planning are of great significance to the balance
among economic development, ecological, and environmental
protection in poverty-stricken counties. However, ecological and
environmental protection planning and economic development
planning are inconsistent in terms of goals, tasks, and paths.
Whether the forest resource protection to improve forest
functions and efficiency could inhibit the economic growth of
poverty-stricken counties? How does the forest resource
protection act on the economic growth of poverty-stricken
counties? Answering the abovementioned questions can
contribute to the spillover test of the effectiveness of forest
resource protection policies and provide evidence for the role

of the government’s “visible hand” in promoting the sustainable
economic development of poverty-stricken counties under the
carbon neutrality target.

This article takes the state-designated poverty-stricken
counties as an example and makes the 13th Five-Year Plan for
eco-environment protection (2016–2020) issued by each
province in China as a quasi-natural experiment. The
statistical data of 393 state-designated, poverty-stricken
counties in 12 provinces and municipalities from 2011 to 2018
are selected, testing the effect and mechanism of forest resource
protection policy on the economic growth of poverty-stricken
counties.

2 LITERATURE REVIEW AND
THEORETICAL ANALYSIS

2.1 Literature Review
2.1.1 Industry and Regional Development Under the
Carbon Neutrality Target
According to the definition of the Intergovernmental Panel on
Climate Change (IPCC), carbon neutrality is a state of balance
between the CO2 emitted into the atmosphere and the CO2

removed from the atmosphere4. From the perspective of
economic connotation, carbon neutrality is the realistic
demand of China’s economic low-carbon transformation
and high-quality development (Zhang et al., 2021; Wang
et al., 2022a), and it is also in line with the decoupling
theory (OECD, 2002) and the environmental Kuznetz curve
(EKC) hypothesis (Song et al., 2019; Ahmad et al., 2021; Wang
et al., 2022b). The EKC hypothesis has certain limitations.
First, it is not enough to explain the entire relationship between
environmental quality and income level. Second, it cannot be
applied to all environmental indicators, and some
environmental damage is difficult to measure. Third,
environmental problems at different stages have different
relationships with economic growth. Economic development
does not necessarily ultimately bring about environmental
improvement, and the belief that economic growth will
eventually automatically solve environmental problems is
overly optimistic and unfounded (Soumyananda, 2004).
There are more studies on carbon neutrality at the regional
scale. From the perspective of the industry scale, the emission
reduction path of power and transportation departments has
been the focus of research (Zhang and Chen, 2021; Zhang and
Hanaoka, 2021). In addition, low-carbon technology studies in
agriculture, construction, and chemical industries have
become a new focus in recent years (Li et al., 2019; Yin
et al., 2022). Furthermore, there are relatively few studies on
the characterization of the mutual feedback of society,
economy, and ecosystem under the carbon neutrality target.
The research on various policies under the carbon neutrality
target and the synergy between policies and sustainable

2The Statistical Bulletin of the 2020 National Economic and Social Development,
released on the website of the National Bureau of Statistics, on 28 February 2021.
3Realize carbon neutralization Large forest action (people.com.The cn), People’s
Daily (14 January 2021).

4IPCC, Special Report on Global Warming of 1.5°C, 2018, https://www.ipcc.ch/
sr15/.
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development are not deep enough (Wu et al., 2022). On the
regional scale, the research on economic development of
poverty-stricken counties under the carbon neutrality target
has insufficient consideration in the role of forest carbon
sequestration in tackling climate change (Yin et al., 2022).
Due to the overlapping backgrounds of the carbon neutrality
target and targeted poverty alleviation, it is bound to cause new
economic development problems in poverty-stricken counties.
This study verifying the influence of forest resource protection
on county economic development mechanisms will help the
plan for eco-environment protection anchor the carbon
neutrality target and achieve sustainable development of
poverty-stricken counties.

2.1.2 Environmental Effects and Spatiotemporal
Variation in Forest Resource Protection
Plan for eco-environment protection is the main driving force of
the environmental effect and an important part of the county’s
social and economic system (Hepburn et al., 2021). The
transformation of the industrial structure led by ecological
civilization construction and environmental quality objectives
is conducive to the efficient utilization of resources and the
optimization of production technology and management
methods (Kesidou and Wu, 2020). Most of the existing
literature is the research on the environmental policy effect or
environmental regulation efficiency (De Souza et al., 2021; Li
et al., 2021; Zengagàn-Castaño et al., 2022), while the research on
the strategic deployment, such as forest coverage and forest stock,
is relatively few (Arndt et al., 2021; Liu and Xia, 2021). From
theoretical and empirical research studies, some scholars
concluded about the “green paradox,” that is, the
environmental policy for emission reduction and carbon-
sequestration increase can, instead, lead to the increase of
pollution emissions. From the time dimension, the
environmental policy directly or indirectly promotes the cost
of pollution emissions in the future, which accelerates the mining
of fossil energy producers and increases pollution emissions
(Hamamoto, 2006; Ulucak and Khan, 2020). From the spatial
dimension, the unilateral environmental policy may lead to
pollution transfer into a new “pollution paradise,” with
increased overall carbon emissions on a larger scale (Levinson
and Taylor, 2008). While combined with the process of poverty
alleviation in China’s poverty-stricken counties, the “green
paradox” may have another theoretical mechanism: in the
realization of the new county urbanization process with
intensive and efficient production space, moderately livable
living space, harmonious and secure ecological space, the
allocation of land resources has not yet reached the optimal
state (Guo and Liu, 2021) where industrialization, agricultural
modernization, and urbanization are not coordinated (Li et al.,
2022). The characteristic industries and leading industries
supporting the development of the county’s economy need to
be excavated or transformed into low-carbon industries.
Combining the abovementioned facts with limited financial
funds and weak infrastructure and public service conditions, it
is reported that China’s poverty-stricken counties are generally
faced with contradiction between poverty alleviation and

decarbonization (Yuan and Wang, 2021), which makes the
plan for eco-environment protection for the county, especially
the quantity control, fall into the institutionalized poverty trap
(Arndt et al., 2021).

2.1.3 The Decoupling Mechanism of Carbon
Emissions From Economic Growth
Decoupling is the basic theory proposed by OECD to describe the
blocking of the link between economic growth and resource
consumption or environmental pollution (Grossman and
Krueger, 1995; Kube et al., 2018). According to the
environmental Kuznetz curve (EKC) hypothesis, economic
growth generally brings increased environmental pressure and
resource consumption, but when some effective policies and new
technologies are adopted, lower environmental pressure and
resource consumption may be exchanged for equal or even
faster economic growth (Ahmad et al., 2021). This process is
also known as “decoupling” (Li et al., 2016; Sun et al., 2020).
There are few studies on the decoupling relationship, influencing
factors, and the rebound effects of carbon emissions and
economic development in various regions and industries
(Boyd and Mcclelland, 1999; Jalil and Feridun, 2011; Abdulai
and Abdulai, 2017); nevertheless, there are less studies on the
internal mechanism of poverty reduction through the
development path of “low-carbon economy,” which could
break the “resource curse” and make poor areas with rich
forest resources and ecological capital get out of the dilemma
of low industrialization, difficult industrial transformation, and
excessive dependence on a single economic structure (Adams
et al., 2016). What is even more concerning is that poverty-
stricken counties in China have all been lifted out of poverty by
2020, and according to the seventh national census bulletin in
2020, the rural population decreased by 14.21% compared with
the sixth national census in 2010. Under the current situation,
that poverty has been eliminated and rural population growth has
slowed down, will the decoupling mechanism of carbon
emissions from economic growth be adjusted? Among them,
what roles do the industrial structure, urbanization rate, science,
education, culture, and health, and other factors play? To explore
the causal relationship of the abovementioned factors, we can also
find the crux and application point of the future sustainable
development of county economy under the carbon neutrality
target.

Most scholars focus on the emission reduction effect and
economic effect of environmental policy, which provide
references for this study. While no unanimous conclusion can
be drawn from that whether more quantity control of plan for
eco-environment protection creates a “green paradox” or a
“resource curse” in poor areas, in the context of carbon
neutrality targets and the post-poverty alleviation era, the
research on the economic growth of poverty-stricken counties
also reflects the coupling relationship of the
“ecology–environment–economy–social” system and the
internal mechanism of ecological and environmental
protection policies on sustainable economic development by
the purpose of protecting the ecological environment and
limiting carbon emissions. It is also worthy for the
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policymakers to comprehensively consider the policy
coordination and regional differences in the post-poverty
alleviation era. Therefore, this study starts from the county
level and uses a differences-in-differences model to analyze the
influence mechanism of forest resource protection on the
economic growth of poverty-stricken counties to overcome
endogeneity caused by measurement error and reverse causality.

2.2 Theoretical Analysis
As early as the 1990s, scholars began to discuss the mutual
relationship between the economy and environment in
poverty-stricken areas (Cai and Barry, 1994; Byrne et al., 1996;
Rozelle et al., 1997). There is a lot of literature on the impact of
economic development on environmental pollution, and “income
determinism” is in the dominant position. The “environmental
poverty trap” changes the carbon elements from constraints to
production factors, which affects economic growth and total
factor productivity (Liuzzi and Venturi, 2021); and the
overlapping generation model also reveals the logic of
distorted resource allocation hindering sustainable economic
development (Guruswamy Babu et al., 1997). Thus, public
policy plays an important role in protecting the ecological
environment and optimizing resource allocation and also has
an impact on sustainable economic development (Wang et al.,
2020; Hajjar et al., 2021). The existing policy research under the
carbon neutrality targets mainly starts from the mechanism of
social capital in resource allocation and focuses on the emission
reduction path of carbon emission and the incentive mechanism
innovation such as green technological reform and green credit
(Yang et al., 2021a; Castle and Miller, 2021). But the forest, as
natural capital, should also show its due meaning in resource
allocation. Although there are detailed restrictive indicators such
as forest coverage and forest stock in the plan for eco-
environment protection, the poverty-stricken counties rich in
forest resources have not formed a perfect top-level design for the
carbon neutrality path. For example, under the carbon neutrality
target, does the plan for eco-environment protection affect the
county’s economic growth through the change of carbon
emission? This part mainly explores the abovementioned
theoretical mechanism.

2.2.1 Impact of Eco-Environment Protection on the
Economic Growth
China’s poor areas carry the vast majority of the absolute poor
population, with serious damage to the living environment and
low natural recovery capacity (Xiang et al., 2021). The forest
coverage and forest stock in the 13th Five-Year Plan for eco-
environment protection pose a rigid constraint on the economic
development of poverty-stricken counties, and the extensive
development with high energy consumption needs to be
transformed into intensive with high efficiency (Yang et al.,
2021b). Meanwhile, the proposal of comprehensive poverty
alleviation and carbon neutrality target has also become the
background of the new era of poverty-stricken counties.
Guided by the plan for eco-environment protection, the
poverty-stricken counties tried to turn ecological resource
advantages into ecological value advantages. Some poor areas

go downhill to lift themselves out of poverty and develop in
different places, which are conducive to the construction of
intensive village infrastructure and public and expand the
living and employment space of the poor groups and
accelerate urbanization (Yang et al., 2020). Some poor areas
make reasonable use of capital to explore ecological industries
(Lei et al., 2021), properly handle the relationships among
tradition and innovation, and coordinate ecological protection
and poverty alleviation (Shuai et al., 2021). These explorations
form a virtuous circle of the eco-economic system, which not only
breaks the curse of “following the cost theory” and jumps out of
the “environmental poverty trap” but also promotes industrial
revitalization, ecological construction, and sustainable
development of poverty-stricken counties.

2.2.2 Conduction Effect of County Carbon Emissions
The constraints on forest coverage and forest stock in the plan for
eco-environment protection have direct and indirect impacts on
carbon emissions. In terms of direct impacts, according to the
study of the Chinese Academy of Sciences in 2018, land
ecosystems fixed 201 million tons of carbon per year from
2001 to 2010 in China, equivalent to offsetting 14.1% of
domestic carbon emissions in the same period. Among them,
the forest ecosystem contributes about 80% of carbon
sequestration, offsetting 11.28% of domestic carbon emissions
in the same period (Tang et al., 2018). The indirect impact is to
accelerate the R&D of low-carbon technologies and elimination
of backward production capacity to protect the forest ecosystem,
which forms the adsorption effect on the green industry and the
extrusion effect of the “two high” industries. On the whole, it is
conducive to reducing county carbon emissions (Sharma et al.,
2013; Peng et al., 2021). Wherever carbon offset or carbon
reduction is present, the constraints of forest coverage and
forest stock in the plan for eco-environment protection affect
the economic growth of the poverty-stricken counties through the
transmission of carbon emissions. The reduction of carbon
emissions means the improvement of environmental quality
and social welfare. It has also become the driving force for the
optimal allocation of resources and the transformation of
industrial structure (Lin and Ge, 2019). Under the carbon
neutrality target, poverty-stricken counties may also show a
decoupling relationship between carbon emissions and
economic growth (Jin et al., 2020).

3 RESEARCH DESIGN

The two restrictive indicators of forest coverage and forest stock
in the 13th Five-Year Plan for eco-environment protection in all
provinces are regarded as quasi-natural experiments, and the
differences-in-differences model is adopted to test the influence
of forest resource protection on economic growth in poverty-
stricken counties.

3.1 Models and Variables
The basic idea of the differences-in-differences model is to
construct the double-difference statistics reflecting the policy
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effect by comparing the differences between the control group
and treatment group before and after the implementation of the
policy (Heckman and Robb, 1985). The model in this study draws
lessons from the research by Kesidou et al. (Kesidou and Wu,
2020). First, it effectively avoids endogenous problems.
Compared with microeconomic subjects, the binding
indicators of the 13th Five-Year Plan for eco-environment
protection are exogenous, and there is no reverse causality
problem. Second, the fixed-effect estimation is used to reduce
the bias from missing variables. Third, the traditional method to
evaluate the policy effect is mainly by setting a dummy variable of
whether the policy occurs or not, and then regression. In contrast,
the differences-in-differences model can estimate the policy effect
more accurately (Meyer, 1995). The benchmark regression model
is as follows:

Yit � α0 + α1treati × timet + α2Controlit + λt + μi + εit. (1)

In Eq. 1, i and t indicate regions and years, respectively. Y
indicates the county economic growth, with the logarithm of
the GDP (lnGDP) and the logarithm of the per capita GDP
(lnpGDP), aiming to deal with the heteroscedasticity in the
regression equation and contribute to the robustness of the
results. Moreover, treat and time represent virtual variables.
treat = 1 indicates that the poverty-stricken county is
constrained with forest coverage and forest stock constraints
in the 13th Five-Year Plan for eco-environment protection;
treat = 0 indicates that there is no forest coverage or forest
stock constraint in the 13th Five-Year Plan for eco-environment
protection in the province to which the poverty-stricken county
belongs. Since the 13th Five-Year Plan for eco-environment
protection started in 2016, time = 1 indicates that the
abovementioned plan has been implemented in 2016 and
after, and time = 0 indicates that the abovementioned plan has
not been implemented in 2015 and before. α0, α1, and α2 are
unknown parameters.

Control is a series of control variables, including the
number of above-scale industrial enterprises in the county
(Industry) to represent the level of industrial development, the
proportion of the nonfarm population (Urbanization) to
reflect the urbanization rate, the proportion of fixed asset
investment in GDP (Investment) to reflect the fixed asset
investment rate, the per capita loan balance of financial
institutions (Finance), proportion of primary and
secondary school students in the total population
(Education), proportion of local financial budget revenue
and expenditure in GDP (Government), the number of beds
in medical institutions (Medical), the total agricultural
machinery power (Agricultural), and the proportion of the
secondary industry in GDP (Sec_stru). λt is the time fixed-
effect, which reflects time characteristics and replaces the
original policy implementation variables; μi implies
regional fixed-effects that do not change over time, which
reflects regional characteristics and replaces the original
regional grouping variables. So, monomials of treat and
time are not included in the model. εit is the stochastic
component.

To further study the influence mechanism of forest resource
protection on the economic growth of poverty-stricken counties,
the following mediation effect model is set up as follows:

Mit � β0 + β1treati × timet + β2Controlit + λt + μi + εit, (2)
Yit � γ0 + γ1treati × timet + γ2Mit + γ3Controlit + λt + μi + εit,

(3)
where the intermediary variable Mit refers to carbon emission,
which is expressed as a logarithm of total carbon dioxide emission
(lnCO2) (Chen J et al., 2020). βn (n = 0, 1, and 2) and γn (n = 0, 1, 2,
and 3) are all parameters to be estimated. α1 represents the overall
effect of forest resource protection policies; β1 represents the
effect of forest resource protection policies on carbon dioxide
emissions. γ2 represents the effect of carbon dioxide emissions on
the economic growth of poverty-stricken counties.

3.2 Data Source and Description Statistics
We collect 12 copies of the 13th Five-Year Plan for eco-
environmental protection publicly released on the official
websites of all provinces or municipalities, including
Chongqing, Jilin, Hunan, Shanxi, Yunnan, Shaanxi, Tibet,
Anhui, Gansu, Henan, Heilongjiang, and Sichuan. This
provided conditions for setting up the treatment and control
groups, and then, two restrictive indicators of forest coverage and
forest stock are extracted from the abovementioned documents,
and two groups are distinguished between provinces involved and
not involved in the abovementioned two restrictive indicators.
Last, the state-designated poverty-stricken counties within the
two types of provinces such as those mentioned above are used as
the treatment and control groups, respectively (Table 1).

This study analyzes the social, economic, and natural
environment statistics in poverty-stricken counties in
2011–2018. The basic county-level data are taken from the
Chinese County Statistical Yearbook, matched with 832
national key counties for poverty alleviation and development
work of the Poverty Elimination Research database (https://www.
jianpincn.com). CO2 emission data are obtained from the
estimates published by Chen et al. (2020)5. We organized
different sources of data, eliminated serious missing data,
supplemented data with the interpolation method, and finally
selected 393 state-designated poverty-stricken counties. Among
them, 137 counties with restrictive indicators of forest coverage
and forest stock in the 13th Five-Year Plan for eco-environmental
protection belong to the treatment group, and 256 counties that
do not have the previous two restrictive indicators at the same
time belong to the control group. Only the short-term effects of
the plan for eco-environmental protection are studied here; the
longer-term effects need to be verified by additional data. Under
the control of other factors, the policy effects of forest coverage
and forest stock are evaluated by comparing the economic growth
of the treatment and control groups.

5Chen, Jiandong; Gao, Ming; Cheng, Shulei; Hou, Wenxuan; Song, Malin; Liu, Xin;
et al. (2020) County-level CO2 emissions and sequestration in China. doi: 10.6084/
m9.figshare.c.5136302.v.
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Variable description statistics are shown in Figure 1 and
Table 2 from 2011 to 2018. The average annual GDP of
393 state-designated poverty-stricken counties was 7.201
billion, and the average per capita GDP was 20,700 yuan.
Despite the steady economic growth year by year, the overall
economic scale and investment competitiveness of 393 state-

designated poverty-stricken counties were low among nearly
2,000 counties. The average number of industrial enterprises
above the designated size in the 393 counties is 33.97, which is
still in the process of transformation to industrialization, and the
urbanization level is also low. The average fixed asset rate at the
county level is 114.5%, and the extremely low investment
efficiency shows that the poverty-stricken counties conduct
infrastructure construction using a large amount of fixed asset
investment and reflects the weak economic foundation and low
capacity to formGDP. Education is an inexhaustible driving force
for economic growth. The ratio of the number of primary and
secondary school students and the total population in poverty-
stricken counties is on an average of 0.120, slightly higher than
the national average level of 0.115 in the same period. This reflects
the future demographic dividend and industrial new force. While
considering the attraction of future cities to talents, it also shows
the pressure of “retaining talents” in the development of poverty-
stricken counties. The ratio of local fiscal budget to GDP reflects
the degree of government intervention and ability to maintain
rapid and stable economic growth. The ratio of local budget
revenue and GDP was 55.3%. The number of beds in medical
institutions has increased by 90% over the study year, on an
average of 1,263 sheets per county. The average level of

TABLE 1 | Treatment and control groups.

Restrictive indexes in
13th Five-Year Plan
for eco-environmental
protection

Treatment group Control group

Forest coverage (%) forest stock
(100 million/m3)

There were 137 poverty-stricken counties in six provinces, namely,
Chongqing, Jilin, Shanxi, Yunnan, Shaanxi, and Tibet

There were 256 poverty-stricken counties, including Anhui,
Gansu, Henan, Heilongjiang, and Sichuan

FIGURE 1 | Changes in carbon emissions, GDP, and per capita GDP of
poverty-stricken counties (2011–2018).

TABLE 2 | Descriptive statistics.

Variable
name

Variable
meaning

Sample population Treatment group Control group

Unit Mean Standard
deviation

Minimum Maximum Mean Standard
deviation

Mean Standard
deviation

GDP Gross domestic product Million
yuan

7200.91 7012.48 359.44 98,260 11147.31 8918.583 5088.971 4489.329

pGDP Per capita gross domestic product Yuan 20,735 11,180 3,419 127,461 24,513 12,208 18,714 10,024
CO2 Total carbon emissions Million

tons
205.92 466.34 3.79 5769.21 346.23 740.05 130.84 157.38

Industry The industrial enterprises above
designated size

33.97 40.90 1.00 254.00 60.53 53.98 19.21 21.07

Urbanization Urbanization rate 100% 0.24 0.16 0.01 2.04 0.27 0.18 0.22 0.15
Investment Fixed asset investment rate 100% 1.15 0.65 0.07 5.99 0.95 0.41 1.25 0.73
Finance Per capita loan size of financial

institutions
Yuan 14,143 13,945 683 177,718 12,148 10,090 15,179 15,465

Education Proportion of primary and secondary
school students in the total
population

100% 0.12 0.04 0.03 1.14 0.11 0.04 0.12 0.04

Government Ratio of local financial budget to GDP 100% 0.55 0.39 0.03 3.99 0.34 0.14 0.67 0.43
Medical Number of beds in medical

institutions
Bed 1,263 1,072 51 7,310 1,677 1,180 1,042 937

Agricultural Total power of agricultural machinery 1000 W 327.30 355.20 10.00 3200.00 511.59 466.32 228.69 222.51
Sec_stru Proportion of secondary industry

in GDP
100% 0.37 0.14 0.00 0.88 0.39 0.12 0.36 0.16
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agricultural mechanization represented by the total power
number of agricultural machinery was 327,300W in the
sample poverty-stricken counties. The secondary industry
accounts for an average of 36.6% of GDP. The industrial
structure and industrial development affect the county
economy, and it is also an opportunity to cultivate and
develop ecological industries based on the resource
endowment of poverty-stricken counties.

4 THE IMPACT OF FOREST RESOURCE
PROTECTION ON THE ECONOMIC
GROWTH OF POVERTY-STRICKEN
COUNTIES

4.1 Benchmark Regression Model Results
By Hausman test, the results of the benchmark regression
model pass the 1% significance test. Therefore, the region and
year fixed-effect model was selected to test the effect of forest
resource protection on the economic growth of poverty-
stricken counties, and the regression results are shown in
Table 3. Among them, the regression coefficients are all
significant at the level of 1%. Given the possible
multicollinearity problem of control variables, we use the
VIF to diagnose whether there is multicollinearity. The test
results show that the VIF of all explanatory variables is less
than 5, that is, there is no multicollinearity between control

variables. The influence coefficient of forest resource
protection on GDP and per capita GDP is positive, which
shows that the two restrictive indicators (forest coverage and
forest stock) in the plan for eco-environment protection does
not inhibit the economic growth but has a significant role in
the economic growth of poverty-stricken counties. This
confirms the research result of Lei et al. (2021) from the
macro level, that is, China has achieved a win–win situation of
poverty alleviation and ecological and environmental
protection. The poverty-stricken counties with the
abovementioned two restrictive indicators are 0.881%
higher in GDP and 0.316% higher in per capita GDP.
After the inclusion of control variables in the regression,
the cross-term coefficient is still significantly negative, but the
value is smaller, that is, the real impact of forest resource
protection on GDP and GDP per capita in poverty-stricken
counties is smaller than when the control variables were not
included.

Model (1) and (2) and Model (4) and (5) use GDP and per
capita GDP as dependent variables, respectively, with only
the difference between the per capita loan balance of financial
institutions (Finance) and the difference between the number
of students in primary and secondary schools and the total
population (Education). In addition, the level of industrial
development, urbanization rate, loan scale of financial
institutions, and proportion of industrial output value have
a significant positive impact on the economic growth of
poverty-stricken counties, and it reflects that the weaker

TABLE 3 | Benchmark regression results.

ln GDP ln pGDP

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

treati × timet 0.0811*** 0.0985*** 0.881*** 0.0911*** 0.165*** 0.316***
(0.0161) (0.0162) (0.0399) (0.0173) (0.0161) (0.0220)

lnIndustry 0.149*** 0.149*** 0.0398*** 0.0439***
(0.0100) (0.00996) (0.0105) (0.00992)

Urbanization 0.262*** 0.211*** 0.870*** 0.668***
(0.0392) (0.0400) (0.0445) (0.0397)

Investment −0.0771*** −0.0844*** −0.0169 −0.0470***
(0.00990) (0.0100) (0.0115) (0.0103)

Government −0.489*** −0.455*** −0.537*** −0.407***
(0.0405) (0.0406) (0.0461) (0.0433)

lnMedical 0.445*** 0.455*** −0.215*** −0.180***
(0.0131) (0.0128) (0.0121) (0.0108)

lnAgricultural 0.162*** 0.160*** 0.00345 −0.00482
(0.00923) (0.00913) (0.0101) (0.00885)

Sec_stru 0.708*** 0.693*** 0.915*** 0.847***
(0.0476) (0.0473) (0.0548) (0.0505)

lnFinance 0.0541*** 0.217***
(0.00996) (0.00828)

Education 0.0924 0.784***
(0.120) (0.206)

Constant 9.002*** 8.467*** 12.75*** 10.51*** 8.338*** 9.458***
(0.0982) (0.129) (0.0463) (0.0963) (0.122) (0.0243)

Country Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
N 3144 3144 3144 3144 3144 3144
Adj-R2 0.899 0.901 0.151 0.599 0.671 0.191

Note: * * *, * *, and * indicate significant at 1, 5, and 10%, respectively, and the numbers in parentheses are robust standard errors, with the following tables.

Frontiers in Environmental Science | www.frontiersin.org April 2022 | Volume 10 | Article 8586327

Qi et al. Poverty-Stricken County From China

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


the financial capacity of local governments, the stronger the
economic growth of poverty-stricken counties. Some studies
also show that the local fiscal revenue and expenditure of the
poverty-stricken counties in China has not effectively
promoted local economic development (Huang, 2018). The
possible reason is that the local finance of poverty-stricken
counties is weak, and there are often special funds for poverty
alleviation or central finance, which plays an important role
in economic growth. From the statistical description, the
average investment rate of fixed assets in the sample
counties exceeds 100%, indicating that the investment
efficiency is very low. Combined with the results in
Table 3, we can obtain results similar to the relevant
research (Qin and Song, 2009). The loss of investment
efficiency of fixed assets and the trend of over-investment
in poverty-stricken counties in China have become the main
problems restricting economic growth.

4.2 Robustness Test
Based on the benchmark regression model, from the model
assumptions and data, the robustness test is carried out in the
following three aspects:

The differences-in-differences (DID) method is effective,
provided that the control and treatment groups need to meet
the common trend hypothesis. If the treatment group is not
treated, the same changes occur with the control group. The
abovementioned is a counterfactual hypothesis. If there is
only a difference between the treatment group and control
group is whether to receive treatment and it is the same in
other aspects, then this assumption is naturally true. Figures
2, 3, respectively, show the changes in GDP and per capita
GDP of poverty-stricken counties before and after the
implementation of the 13th Five-Year Plan for eco-
environment protection. First, the definition of the
treatment and control groups is consistent with the
requirement of the DID model. Second, the growth trends
of GDP and per capita GDP in the treatment group and
control group are similar from 2011–2015, before the
implementation of the 13th Five-Year Plan for eco-
environment protection. Third, the growth trends are not
the same between the treatment and the control groups from
2016 to 2018, after the implementation of the 13th Five-Year
Plan for eco-environment protection. This discrepancy may
arise from the implementation of forest resource
conservation policies. It can be seen that forest resource
protection promotes the economic growth of poverty-
stricken counties, and the sample fits the parallel trend
hypothesis.

The placebo test is used to test whether the baseline
regression results are random, that is, whether the same
results would be obtained without the 13th Five-Year Plan
for eco-environment protection. To this end, the 13th Five-
Year Plan for eco-environment protection is implemented for
1 year (2015) and 2 years (2014) in advance, and then, DID
regression was used. Models (7)–(10) in Table 4 report the
results from the placebo test. The core coefficients of
explanatory variables are insignificant 1 or 2 years before the
policy implementation. Thus, the placebo test has passed and
confirmed the robustness of the benchmark regression results in
this study.

FIGURE 2 | GDP in poverty-stricken counties.

FIGURE 3 | Per capita GDP in poverty-stricken counties.

TABLE 4 | Counterfactual hypothesis results.

2014 2015

ln GDP (7) ln pGDP (8) ln GDP (9) ln pGDP (10)

treati × timet 0.0117 0.0457 0.0202 0.0540
(0.0594) (0.0342) (0.0573) (0.0329)

Constant 12.60*** 9.512*** 12.65*** 9.564***
(0.0306) (0.0180) (0.0265) (0.0155)

Control Yes Yes Yes Yes
Country Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 3,144 3,144 3,144 3,144
Adj-R2 0.238 0.180 0.236 0.174
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The treatment and control groups are matched by the
propensity score matching (PSM) method to eliminate the
possible sample selection bias in the impact of the plan for
eco-environment protection. After meeting the balance test,
the level of industrial development, fixed asset investment rate,
etc. are used as matching variables and made kernel matching
with logit models. The results are shown in Table 5. The
coefficients of the matching models (12) and (14) were higher
than those of the models (3) and (6), respectively. This illustrates
that the sample characteristics of matched groups are closer,
confirming that the forest resource protection policy significantly
promotes the growth of GDP and per capita GDP in poverty-
stricken counties and verifies the robustness of the regression
results in this article.

5 MEDIATING EFFECT OF CARBON
EMISSIONS IN POVERTY-STRICKEN
COUNTIES
The abovementioned study confirms the positive role of forest
resource protection in the economic growth of poverty-stricken
counties, while in what ways do the restrictive indicators of forest
cover and forest stock affect the GDP and per capita GDP of
poverty-stricken counties? Based on the theory of this study, there
may be mediating effects of carbon emissions in poverty-stricken
counties: 1) the forest resource protection policy accelerated
carbon neutralization; 2) carbon fixation and oxygen release of
forest and industrial green transformation reduce the county
carbon emissions; and 3) ecological enrichment and the low-
carbon economic development path promote the optimal
allocation of resources in poverty-stricken counties and
unleash more dividends.

Whether there is a mediating effect depends on the
significance test of Eqs 1–3. If α1 and β1 are significant, it
indicates the existence of the mediating effect. At this point, if
γ1 is not significant, it indicates full mediation; if γ1 is significant
and β1 and γ2 have the same sign, there is partial mediation; if γ1 is
significant and β1γ2 and γ1 have the different signs, there is
suppressing effects (Kenny et al., 2003).

5.1 The Role of Forest Resource Protection
on Carbon Emissions
We test whether forest resource protection has a direct effect on
carbon emissions. The results (as in Table 6) demonstrate that
forest resource protection policies help reduce carbon emissions
in poverty-stricken counties. After the inclusion of control
variables, the coefficient β1 declines slightly, which confirms
the robustness of the estimated results. It also shows that
forest resource conservation has a suppressive effect on carbon
emissions, which confirms the research results of Lin and Ge.
(2019). The two restrictive indicators of forest cover and forest
stock in the 13th Five-Year Plan for eco-environment protection
achieve the carbon neutrality targets, which have the dual effects
of increasing carbon sequestration and reducing emissions.

TABLE 5 | Results of PSM-DID regression.

ln GDP ln pGDP

(11) (12) (13) (14)

treati × timet 0.0950*** 0.883*** 0.163*** 0.519***
(0.0220) (0.0399) (0.0251) (0.0220)

Constant 8.377*** 12.75*** 7.825*** 9.458***
(0.159) (0.0463) (0.156) (0.0243)

Control Yes Yes
Country Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 3,144 3,144 3,144 3,144
Adj-R2 0.917 0.151 0.730 0.191

TABLE 6 | Role of forest resource protection on carbon emissions.

ln CO2

(15) (16) (17)

treati × timet −0.145*** −0.102*** −0.282***
(0.0364) (0.0370) (0.0418)

lnIndustry 0.0679*** 0.0626***
(0.0238) (0.0234)

Urbanization 0.976*** 0.776***
(0.0881) (0.0892)

Investment 0.0407* 0.0202
(0.0211) (0.0214)

Government −0.527*** −0.383***
(0.0620) (0.0635)

ln Medical 0.208*** 0.269***
(0.0277) (0.0286)

lnAgricultural 0.355*** 0.341***
(0.0239) (0.0236)

Sec_stru 0.314** 0.301**
(0.127) (0.126)

lnFinance 0.187***
(0.0238)

Education −1.602***
(0.541)

Constant 7.049*** 5.313*** 9.670***
(0.223) (0.337) (0.0282)

Country Yes Yes Yes
Year Yes Yes Yes
N 3144 3144 3144
Adj-R2 0.466 0.482 0.111

TABLE 7 | Role of forest resource protection on economic growth through carbon
emissions.

ln GDP (18) ln pGDP (19)

ln CO2 0.0735*** 0.0194***
(0.00782) (0.00730)

treati × timet 0.106*** 0.167***
(0.0158) (0.0162)

Constant 8.076*** 8.235***
(0.135) (0.135)

Control Yes Yes
Country Yes Yes
Year Yes Yes
Medium 0.00102 0.001428
N 3144 3144
Adj-R2 0.904 0.672
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5.2 The Role of Forest Resource
Conservation on EconomicGrowth Through
Carbon Emissions
The test results of the conduction effect of county carbon
emissions on economic growth are shown in Table 7. After
the inclusion of carbon emissions in the model, forest
resource protection is still playing a significant and
positive role on the GDP and per capita GDP in poverty-
stricken counties. The impact of carbon emissions on
economic growth passes the test of significance at 1% level,
and it has a positive coefficient, opposite to the coefficient
sign of the direct effect. This represents that carbon emissions
have a suppressing effect between forest resource protection
and economic growth in poverty-stricken counties. By the
bootstrapping test, 95% confidence intervals are
(0.1261,0.1861) and (0.2078,0.2709), excluding zero and
significant at 1% level, indicating the existence of the
suppressing effect. The suppressing effect accounts for 7.07
and 1.18% of the direct effect (|β1γ2/γ1|), all less than one.
Thus, the suppressing effect does not change the promoting
role of forest resource protection on the GDP and per capita
GDP in poverty-stricken counties.

From the benchmark regression of forest resource protection
on economic growth in poverty-stricken counties, the total effects
are 0.0985 and 0.165. But, in fact, this is the result of being
“covered up” by carbon emissions. If the variable of carbon
emission is controlled, the direct effects are 0.106 and 0.167,
and the influence is heightened when the coefficient values
increase. As the coefficient is closer to the real result after
stripping the suppressing effect, it is concluded that if the total
carbon emissions decrease in poverty-stricken counties, the forest
resource protection policy will play a more positive role in
promoting the increase of county economy.

The test results confirmed the mediating effect of carbon
emissions, that is, the constraints on forest coverage and forest
stock promote the growth of GDP and per capita GDP in poverty-
stricken counties by reducing carbon emissions. Combined with
the positive role of China’s forestry policies in promoting farmers
to get rid of poverty (Lu et al., 2020), forest resource protection
plays to the advantage of forest resources and reflects the value of
ecological capital. Therefore, the restrictive indicators do not
inhibit economic growth but help achieve coordinated
development among ecological civilization, rural revitalization,
and common prosperity.

6 CONCLUSIONS AND IMPLICATIONS

This study analyzes the influence and its mechanism of forest
resource protection on the county economy. The following are
conclusions:

1)Forest resource protection does not only rely on the 13th
Five-Year Plan for eco-environment protection, and it also does
not take reducing carbon emissions as the specific goal or carbon
neutrality as the overall goal. The restrictive indicators of forest
coverage and forest stock are not policy tools to directly promote
the economic growth of poverty-stricken counties, while these

representing the forest resources protection are proven not to
inhibit the county economic growth. That breaks the curse of
“following the cost theory” and jumps out of the “environmental
poverty trap,” and contributes to the sustainable development of
the county.

2) The economic growth of poverty-stricken counties
cannot leave industrialization, urbanization, and financial
support. But in the short term, the effect of basic education
and agricultural mechanization on the county economy is not
sufficient. The basic social security and public services,
ecological civilization construction, and industrial structure
transformation complement each other, all of which play an
important role in the governance of the endogenous
development ability fragile.

3) Under the carbon neutrality target, carbon emission plays
the mediating role in the positive impact of forest resource
protection on the economic growth of poverty-stricken
counties. The suppressing effect of carbon emissions
illustrates that the decrease of the total carbon emissions in
the poverty-stricken counties can enhance the promotion of
the forest resource protection policy on county economy and
realize the synergy of poverty reduction and emission
reduction, and the internal decoupling mechanism of
county carbon emissions and economic growth has also
been verified.

Based on the research of this article, local governments should
pay attention to planning first in the protection of forest
resources, transforming the advantages of ecological resources
into ecological values of the poverty-stricken counties. The
starting points in the post-poverty alleviation era are the
innovation of the poverty alleviation system and upgrading of
low-carbon industries, and the guarantee includes the
improvements of infrastructure and public service. To further
enhance the economic and ecological environmental effects of
forest resource protection policies, it is essential to improve the
market mechanism of ecological products and bring green GDP
into the assessment standards of the government and industries.

The limitation of this study is that the mediating variable
inevitably has endogenous problems. Therefore, the effect of
carbon emissions on GDP depends on the relative theory and
practice, to be convincing. This study combines the specific
problems in the development process of poverty-stricken
counties in China under the carbon neutrality target to
reduce the rote application of methods in mechanism
analysis. What can be further discussed is the
heterogeneity of the long-term effects of different forest
resource protection policies on the economic growth of
poverty-stricken counties to prevent elite capture and
targeting deviation in the process of emission reduction
and poverty reduction.
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