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Abstract: Compared with their fellow citizens in the city, rural residents are more likely to be
affected by ecological restoration programs and policies. Yet no one has conducted a large-
scale study of how ecological conservation impacts rural livelihoods and the economic status
of rural households, especially in China. To fill that knowledge gap, | collected and analyzed
relevant data from 2007 to 2018 for western and eastern China. | found that the relationship
between western China’s green coverage rate and rural income followed an inverted U curve
whereas that between its green coverage rate and urban-rural income gap was instead U-shaped,
suggesting that ecological restoration has come to eventually negatively impact the economic
welfare of rural residents in western China; however, the complete opposite was found in
eastern China. Greater urbanization, financial support, and infrastructure such as education,
medical, and Internet services would help to improve the current situation in western China.
This suggests the government should take actions—such as improving the quality of farmer
training to the rural residents and improving infrastructure construction—to help farmers
acquire a new source of income and narrow the urban-rural income gap in parallel to
implementing ecological restoration projects.

Keywords: ecological conservation; rural income; urban-rural income gap; poverty;
econometric model

1. Introduction

Since the beginning of the 21st century, with sustainable development firmly
rooted in people’s hearts, environmental issues have gradually become the focus of
much attention. Countries facing environmental pollution, ecological damage or
excessive resource consumption have begun to implement various measures to
mitigate or resolve those problems (Peng et al., 2020). In trying to protect the global
environment, however, people have been asked to make considerable sacrifices to
achieve those sought-after ecological improvements (Cao et al., 2021). For example,
excessive water is being consumed by vegetation in afforested areas, with billions of
dollars spent on ecological conservation projects around the world (Lu et al., 2018;
Ouyang et al., 2016). Therefore, balancing ecological conservation with social and
economic development is a difficult scientific challenge, but one that is worth studying
nonetheless.

Since Grossman and Krueger (1991) found that the relationship between
environmental pollution and economic growth follows an inverted U curve, namely
the environmental Kuznets curve, numerous researchers have examined or tested this
hypothesis, debating its shape (e.g., Alvarado et al., 2018; Dogan and Turkekul, 2020;
Shahbaz et al., 2014). Unfortunately, many of them focused on the impact of economic
development—especially urban socioeconomic or macroeconomic development—on
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the environment (e.g., Fan et al., 2019; Katircioglu and Katircioglu 2018; Tsuzuki
2009), with far fewer considering the impact of conservation programs on rural
livelihood. Furthermore, of these latter studies (e.g., He et al., 2008; Karanth and Nepal,
2012; Spiteri and Nepal, 2008) most have focused spatially on small regions, such as
a national park or natural reserve, or ecotourism zones; in other words, there is a
glaring absence of large-scale research. Natural resources such as forest ecosystems
are indisputably vital for rural households, accounting for 20%-30% of their total
household incomes (Angelsen et al., 2014; Langat et al., 2016; Suleiman et al., 2017,
Tugume et al., 2015; Vedeld et al., 2007). The implementation of ecological
conservation programs inevitably limits the use of some natural resources, which
forces rural residents to change their traditional way of life (Wang et al., 2013). The
lack of any study done on a sufficiently large spatial scale will obscure recognition of
the impact that certain large-scale programs or policies have upon rural livelihoods
and the economic status of rural households, despite the known importance of both
aspects (Bennett and Dearden, 2014; Wittmayer and Biischer, 2010). Therefore, it is
imperative to conduct such empirical research and provide this missing information.

China is an ideal place to conduct this type of large-scale research, since its
economic growth has ostensibly been driven by the unsustainable consumption of
natural resources, leading to severe ecosystem degradation (Pang et al., 2019). In
response, many large-scale ecological restoration programs (e.g., Natural Forest
Conservation Program, Grain for Green Program and Three-North Shelter Forest
Program) have been implemented across China to address its environmental problems.
Nevertheless, conflict between natural protection and farmers’ livelihood development
in forest areas still persists, especially in nature reserves vis-a-vis their surrounding
communities (Ma et al., 2018; Wang, 2017). In this paper, econometric models are
established to study the impact of environmental conservation on rural livelihood
income in 193 cities of western and eastern China, with the different situations in these
two regions then compared. The results of this study provide scientific guidance for
how to find a balance between ecological restoration and the rural economy in China
and could, if tailored to unique local conditions, also be useful elsewhere around the
world.

2. Methods

2.1. Study area

This study first focuses on cities (please note that “cities” in China can also refer
to large regions, and not only strictly metropolitan areas) in western China. The
implementation area of many large-scale ecological restoration programs in China—
e.g., Natural Forest Conservation Program, Grain for Green Program and Three-North
Shelter Forest Program—is concentrated in western China, where the rural economic
situation is often thought to lag behind the rest of the country. Accordingly, rural
residents in western China are more likely to be negatively affected by strict
conservation policies (e.g., no harvesting of trees for lumber or a total ban on grazing).
According to the division defined by China’s National Bureau of Statistics (Figure 1),
97 cities were selected for which all the relevant data are available, to conduct the
research. Then, to enable a large-scale comparison, the situation of 96 cities in eastern
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China was likewise studied as well (Hainan not included due to its lack of data). The
rationale is that conditions for economic development there are thought to be much
better than in western China, and many provinces in eastern China have also conducted
large-scale ecological restoration projects, such as massive afforestation in Zhejiang
and Shandong. For political reasons, those provincial-scale municipalities governed
directly by the central government (i.e., Beijing, Tianjin, Chongqging, and Shanghai)
usually receive more government financial support, and this bias could affect the
objectivity of this study’s results and conclusions. For example, more financial support
means more funds or compensation directed towards rural livelihoods, which could
offset some of the impact from ecological conservation on them. So, these cities were
excluded from the analysis.

Figure 1. The locations of eastern, central, and western China.

2.2. Variable selection and data source

I chose the green coverage rate, which equals the ratio of the vertical projection
area of all vegetation such as trees, shrubs and lawns in a city to the area of that city,
to represent the level of ecological conservation. The rationale is that afforestation is
a popular method of ecological restoration in China, and the green coverage rate is an
intuitive index for gauging the effect of ecological restoration projects (Chen et al.,
2019; Cao et al., 2021). The per capita annual net income of rural households was
chosen to represent the size of rural economy. For the control variables, | consulted
previous studies (e.g., Barnes et al., 2005; Li et al., 2020; Rizk and Slimane, 2018;
Zou, 2019) and found seven indicators that potentially affect the rural economy: 1)
urbanization (urb, proportion of a city’s residents who live in an urban area); 2)
agriculture (agri, per capita area of farmland); 3) government financial support (afinan,
per capita fiscal expenditure), and infrastructure: Namely 4) education (aedus, per
capita educational expenditure); 5) medical services (medi, the number of personnel
in medical institutions per 10* persons); 6) internet service (anet, the number of people
with broadband Internet access per 10* people) and 7) transportation (rden, road
density, the total length of all classes of roads per km?). The time span of this study is
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from 2007 to 2018, for which all data came from the statistical yearbook of each city
from 2008 to 20109.

2.3. Model settings

Given that studies on the environmental Kuznets curve usually find a linear, U-
shape, or N-shape relationship between the economy and the environment, three
different forms were examined here: linear, quadratic, and cubic models. Here, the
following parametric settings were separately estimated:

Inrincit = alngcovic + Xuf + pt + ui + &t (1)
Inrinci = aslngcovic + ax(Ingcov)? + xuf + yt + ui + &it 2)
Inrinci = aslngcovic + az(Ingcov)? + ag(Ingcov)® + xif + 1 + ui + &it (3)

where rinc is the rural income; gcov is the green coverage rate; xi: are control variables;
t denotes the temporal trend term; u;represents the city-level feature term, which is
time invariant; and &i; is the error term. The appropriate model was chosen by testing
the significance of ai, a, and as; then, according to the results of Hausman test, the
fixed effect (FE) or random effect (RE) model used for inference. That test’s results
and those of the regressions appear in Tables 1 and 2. The variance inflation factors
of all models were below 10, suggesting that multicollinearity did not pose a problem.

Table 1. Regression results of models for green coverage rate and rural income in
western China. Significance levels: ***0.01, **0.05, *0.1.

. (1) (2) (3) (4) (5) (6)
Variable
FE RE FE RE FE RE
| 0.003 0.023 0.127™ 0.155"™" 0.223 0.260™
ngcov
g (0.016) (0.019) (0.032) (0.036) (0.118) (0.126)
- - —0.020™" -0.021™" —0.063 —0.069
(Ingcov)?
- - (0.006) (0.007) (0.056) (0.060)
- - - - 0.006 0.006
(Ingcov)?
- - - - (0.008) (0.008)
Inurb 0.137™" 0.172™ 0.132™ 0.168™" 0.133™ 0.168™"
nur|
(0.047) (0.042) (0.048) (0.042) (0.048) (0.042)
| . —-0.012 —-0.012 -0.012 —0.012 —0.012 —-0.012
nagri
g (0.017) (0.015) (0.017) (0.015) (0.017) (0.015)
. 0.076™" 0.079™ 0.078™ 0.081™" 0.079™ 0.082™
Inafinan
(0.024) (0.024) (0.024) (0.024) (0.024) (0.024)
0.067™ 0.052™" 0.066™" 0.050™" 0.065™" 0.050™"
Inaedus
(0.017) (0.015) (0.017) (0.015) (0.017) (0.015)
Inmedi 0.003 0.018 0.003 0.018 0.003 0.018
nmedi
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
| X —-0.001 0.005 0.001 0.006 0.001 0.006
nane
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
nrd 0.004 0.007 0.004 0.008 0.004 0.008
nrden
(0.014) (0.014) (0.014) (0.014) (0.014) (0.014)
R2 0.791 0.814 0.792 0.815 0.792 0.815
Hausman test (p) 89.940 (0.000) 92.450 (0.000) 91.570 (0.000)
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Table 2. Regression results of models for green coverage rate and rural income in
eastern China. Significance levels: ***0.01, **0.05, *0.1.

. (1) (2 ©)] 4 (5) (6)

Variable

FE RE FE RE FE RE

0.112"" 0.118™" —0.661"" —0.688™ —4.383 —4.,943"
Ingcov

(0.03) (0.03) (0.39) (0.39) (2.64) (2.67)

- - 0.111™ 0.115™ 1.216 1.379"
(Ingcov)?

- - (0.06) (0.06) (0.81) (0.82)

- - - - —-0.109 -0.124
(Ingcov)®

- - - - (0.08) (0.08)
nurb 0.089™ 0.098™" 0.090™ 0.099™ 0.091* 0.100™"
nurl

(0.03) (0.04) (0.04) (0.04) (0.04) (0.04)
| ) —0.097"" —0.097"" —0.096™" —0.096™" —0.096™™" —0.096™"
nagri

J (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

0.210™" 0.211™" 0.210™" 0.212™" 0.210™ 0.212™
Inafinan

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

0.074™" 0.070™" 0.075™" 0.070™" 0.074™ 0.070™"
Inaedus

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

—0.006 —0.026 —0.008 —0.028 —0.007 —-0.029
Inmedi

(0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
| . 0.002 0.000 0.002 0.001 0.002 0.001
nane

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
nrd 0.000 0.075™ -0.001 0.074™ 0.000 0.077™
nrden

(0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
R? 0.735 0.733 0.736 0.734 0.736 0.734
Hausman test (p) 53.080 (0.000) 53.500 (0.000) 58.030 (0.000)

2.4. Robustness test and endogenous test

To prove the robustness of the obtained results, | changed the dependent variable
from rural income to urban-rural income gap. If the situation of rural livelihood gets
better, this gap ought to narrow. Here, this gap is expressed as the ratio of the per
capita disposable income of urban residents to the per capita annual net income of
rural households. Next, the relationship between that gap and the green coverage rate
was analyzed in the same way as for rural income (Tables 3 and 4). To test for
potential endogeneity caused by reverse causality in this study’s modeling,
precipitation was set as the instrument variable of green coverage rate, since it has a
significant positive relationship with vegetation growth and should not be too affected
by rural income. According to the Hausman test results for the instrument variable
regression and ordinary least squares regression, | found no significant endogenous
bias in the models.
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Table 3. Regression results of models for green coverage rate and urban-rural
income gap in western China. Significance levels: ***0.01, **0.05, *0.1.

. (1) (2 ©)] 4 ) (6)

Variable

FE RE FE RE FE RE

—-0.016 —-0.025 —0.164"" -0.176"™" —-0.038 -0.024
Ingcov

(0.02) (0.02) (0.04) (0.04) (0.16) (0.16)

- - 0.024™" 0.025™ —-0.033 —-0.043
(Ingcov)?

- - (0.01) (0.01) (0.08) (0.08)

- - - - 0.007 0.009
(Ingcov)®

- - - - (0.01) (0.01)
nurb —0.165"" -0.168™" —-0.160"" -0.163"™ -0.159"" -0.162™"
nurl

(0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
| ) 0.013 0.009 0.014 0.009 0.014 0.009
nagri

J (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

-0.072"™" -0.073™ —0.075"™" -0.077™ -0.074™ —0.076™"
Inafinan

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

—-0.003 0.007 —0.002 0.009 —0.002 0.008
Inaedus

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
nmedi —0.037™ —0.047 —0.036™ —0.047 —0.036™ —0.046™"
nmedi

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
| . —0.013™ —0.015"™" —-0.014™ —0.016™" -0.014™ —-0.016™"
nane

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
nrd -0.002 0.002 -0.003 0.001 -0.003 0.001
nrden

(0.02) (0.01) (0.02) (0.01) (0.02) (0.01)
R? 0.492 0.491 0.494 0.494 0.495 0.494
Hausman test (p) 38.030 (0.000) 36.950 (0.000) 36.710 (0.000)

Table 4. Regression results of models for green coverage rate and urban-rural
income gap in eastern China. Significance levels: ***0.01, **0.05, *0.1.

Variable (1) (2 ©)] 4 (5) (6)
FE RE FE RE FE RE
Ingoov ~0.236™  -0.235™  1.849™  1859™  2.024 2.479
(0.04) (0.04) (0.58) (0.58) (5.14) (5.16)
(ingeovy - - -0.298™  —0.299™  —0.350 ~0.483
- - (0.08) (0.08) (1.58) (1.58)
(ingeovy - - - - 0.005 0.018
- - - - (0.16) (0.16)
-_ ~0.147°  —0.022 -0.150°  —0.026 -0.150"  —0.027
(0.09) (0.08) (0.08) (0.08) (0.08) (0.08)
nagri ~0.012 -0.038 -0.012 ~0.039 -0.012 ~0.039

(0.03) (0.02) (0.03) (0.02) (0.03) (0.02)
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Table 4. (Continued).

. @ 2 ©)) 4 (5) (6)

Variable

FE RE FE RE FE RE

-0.232™" —0.234™" -0.232™" —0.234™" —-0.232"™" —0.234™
Inafinan

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

—0.088" -0.035 —0.088" —-0.036 —0.088" —-0.036
Inaedus

(0.05) (0.05) (0.05) (0.04) (0.05) (0.04)

-0.010 0.056 —-0.009 0.057 —0.009 0.056
Inmedi

(0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
| 0.004 0.008 0.003 0.007 0.003 0.007
nanet

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
nrd —-0.002 —0.058 0.000 —0.055 0.000 —0.055
nrden

(0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
R? 0.820 0.819 0.823 0.821 0.823 0.821
Hausman test (p) 73.830 (0.000) 73.930 (0.000) 73.340 (0.000)
3. Results

According to the Hausman test results shown in Tables 1-4, the fixed effect
models performed better than the random effect models. Therefore, it was reasonable
to focus on model (1), (3), and (5) in each table. The significance of the coefficients
suggested that, among all models, the quadratic models (model (3) in each table) were
the most appropriate. Hence the following is based on the model (3) results of each
table.

Opposite results were found for western versus eastern China. The relationship
between green coverage rate and rural income featured an inverted U curve in western
China (Table 1), which meant the rural income had a trend of rising and then declining.
However, the relationship between green coverage rate and rural income followed a
U-shaped curve in eastern China (Table 2), meaning that rural income there displayed
a trend of declining and then rising. Presented in Figure 2a, b is a more intuitive
demonstration of the main results.

1 1

I 1
a ! = |
B : g '
= 1 = |
7 , Z .
g Rural income increased ...but would finally decline - )
= temporarily... ! = ]
- -
2 | =
= 1 = |
5 ! g li declined '
=] = R 0
< | < e hcome fectie | ...but would finally increase
o ) temporarily...
£ | E |
] ]
< 1 < 1
= =
= 1 — |

I 1

1 |

Green coverage rate Green coverage rate
(@) (b)

Figure 2. Contrasting theories about the relationship between the green coverage rate and rural income for western (a)

and eastern China (b).

The robustness test also gave similar results from another prospective. For
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western China, the relationship between its green coverage rate and urban—rural
income gap featured a U-shaped curve (Table 3). This suggested that gap would shrink
and then expand, which has the same meaning of the inverted U curve found for rural
income in Table 1. For eastern China, in contrast, the relationship between green
coverage rate and urban—rural income gap followed a U-shaped curve (Table 4).
Accordingly, this suggested its income gap would expand and then shrink, equivalent
in meaning to the U curve for rural income in Table 2. These outcomes proved the
robustness of this research.

I also calculated the green coverage rate at inflection points for each curve. Those
values were 23.93% and 19.64% for the rural income curve in western and eastern
China, respectively, while 34.59% and 22.44% for the urban-rural income gap curve
in western and eastern China, respectively. Then I checked green coverage rate data in
2018 and found that, for western China, almost all of its cities had exceeded the
inflection point on the rural income curve, with more than half above the inflection
point on the urban-rural income gap curve. This finding suggested a non-harmonious
relationship between the rural economy and environmental protection in western
China. By contrast, only two cities failed to exceed the inflection point on either curve
in eastern China, which suggested that almost all cities there are characterized by a
situation in which the rural economy and environmental restoration have developed
harmoniously.

The results also indicated that urbanization and financial support were capable of
significantly improving rural income (Tables 1 and 2) and narrowing the urban—rural
income gap (Tables 3 and 4) in both western and eastern China. Although education
could significantly improve rural income in western China (Table 1), its effect on the
urban-rural income gap there was not statistically significant (Table 3). On the
contrary, medical and Internet services were able to significantly narrow the income
gap in western China (Table 3) yet their effects on rural income were not statistically
significant (Table 1).

4. Discussion

The relationship between rural livelihoods and the environment is arguably
complex and geographically dependent (Wu et al., 2020). In studying the relationship
between rates of green vegetation coverage and mean incomes of rural households in
China, my research uncovered worrying results, namely that rural livelihood income
in western China may be negatively affected by ecological conservation there.
However, we cannot simply stop those conservation efforts, because the results from
eastern China suggest that the rural economy and environmental restoration can
develop harmoniously once beyond the inflection point, a feat that almost all cities in
eastern China have achieved. These results indicate that high-quality development
conditions—e.g., employment opportunities, educational attainment, social
discrimination—can stop ecological restoration and conservation from reducing rural
income. Unfortunately, farmers in less developed areas are more likely to accept
income inequality, which they tend to ascribe to their own failure instead of social
injustice (Wang and Li, 2016). Moreover, poor people are the main agents of
environmental degradation because they lack accessibility to resources and must
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struggle to ensure day-to-day basic needs because subsistence costs (food namely)
account for a relatively huge proportion of poor people’s income (Jalal, 1993; Reardon
and Vosti, 1992). Hence, it is pivotal that government and social scientists discern the
actual problems faced by farmers, and try to find ways to improve their livelihoods.

The Chinese government does provide subsidies to farmers affected by ecological
protection to compensate for their income losses, and these funds have helped farmers
in less developed areas, even improving their economic standing (Uchida et al., 2005),
at least in the short-term (corresponding to the rising part of the curve). However, low-
income farmers in remote rocky mountainous, border, and minority areas are poor,
relying on products of natural (primary as well as secondary) forests such as timber,
herbs, and fruits (namely non-timber forest products) for their livelihood (Liu and Li,
2017, Sietz et al., 2011). Because they lack access to education and incur severe social
discrimination (e.g., Guo, 2015; Xie and Yao, 2006), it is extremely hard for those
poor farmers to adopt another way of living. Consequently, they lose their main source
of income and become poorer after ecological conservation projections are
implemented because activities that potentially damaged the forest are now forbidden
(Caoetal., 2021; Maet al., 2020). Their quality of life quickly worsens in a downward
spiral after having spent the entire subsidy they received (corresponding to the
declining part of the curve).

The regression results point to potential ways to improve the current situation in
western China. For example, rapid urbanization, which requires an ample supply of
labor, can offer employment opportunities for rural residents and thus provide new
sources of income. Almost always, however, these people lack the prerequisite training
for the skills demanded by new industries, so their main source of employment is
limited for now to low-end private sector jobs (Kuhn and Shen, 2015). The Chinese
government has never collected statistics on the unemployment conditions of migrant
workers, leaving the obstacles they face neglected, which reinforces the fragility of
their livelihoods (Zhu, 2002). It is thus imperative for the government to provide more
targeted technical training and subsidies for the poor (Li et al., 2017, 2020) and assist
in their shift to and adoption of work that is friendly to environment (e.g., ecotourism
or establishing nature reserves).

Infrastructure is also crucial, such as in the case of education which is proven to
assist farmers in augmenting their income (Hayami, 2003; Yao et al., 2010). My results
support this point of view (Table 1). Yet, although education’s effect on the urban—
rural income gap is statistically significant in eastern China (Table 4), it is not so in
western China (Table 3). China’s current system of governance for higher education
has failed to account for the growing disparity in income between urban and rural
residents, and the burden this imposes on the latter (Yao et al., 2008). Accordingly, the
government should provide more funds for educating the young generation in poor
regions in addition to facilitating their entry into good schools; for example, by
lowering minimum entrance test scores or increasing the number of admitted students.

The government of each province in western China should track the living
conditions (e.g., income, life pressure, and mental health) of local farmers affected by
ecological conservation projections and collect pertinent data. Furthermore, given the
context of living in harmony with nature, as recognized by the Kunming-Montreal
Global Biodiversity Framework, a better index to measure ecological restoration
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achievements would be changes in levels of biodiversity. Unfortunately, such data are
not yet available at the municipal level. When such data do become available, further
research on balancing rural socioeconomic development vis-a-vis environmental
protection can be carried out, thereby enhancing the possibility of fulfilling the dual
objectives of poverty alleviation and ecological restoration in tandem. The central and
provincial government should also engage in more constructive communication with
local residents rather than simply imposing laws and administrative measures to
formulate protection resolutions or policies (Hosseininia et al., 2013; Shukla and
Sinclair, 2010). Obviously, the inverted U curve in western China is at odds with
sustainable development, at least for now. In the future, China and other countries
under such similar circumstances ought to search for ways to manage and change the
shape of the curve so it follows the U- or N-shaped trajectory (either curve would be
suitable I believe).
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