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ARTICLE INFO ABSTRACT

For the past three decades, ecological decline associated with rapid urbanization has been a global phenomenon,
particularly in developing countries, where economic growth is often financed through off-budget earmarked
revenue sources such as land sales. Under this context, governmental intervention to improve the environment
may not be effective if such intervention suppresses land sales revenues, because these revenues are also used to
finance environmental protection projects. What is the relationship between land revenues and environmental
quality? More importantly, how does governmental intervention to improve the environment influence this
relationship? Employing panel data of 31 provinces in China from 2000 to 2015, this study empirically answers
these questions. We find that land financing strongly influences pollution in an inverted U-shape pattern, where
local land revenues increase pollution until a turning point at which a decline in pollution is observed. More
importantly, we find that environmental intervention programs can accelerate the decline in pollution. These
findings establish the moderating impact of environmental intervention programs within a rapid urbanization

Keywords:

Governmental environmental intervention
The environmental performance-based
accountability system

China environmental policy and governance
Environmental Kuznets curve

context.

1. Introduction

For the past several decades, land grant premiums (i.e., revenues
from land sales) have been a major revenue source for many govern-
ments such as mainland China, Hong Kong, Singapore, India, and others
(Mathur, 2013; Murakami, 2018; Wu et al., 2015). Lands are often sold
or used as collateral to finance infrastructure programs to boost eco-
nomic growth and urbanization in these countries (Ji and Zhang, 2020;
Theriault et al., 2020). For example, in Hong Kong, land sales normally
take about one-fifth of the government's total revenues (Hong Kong
Government Budget 2020-21). The figure is even larger in mainland
China where land premiums normally comprise more than half of total
local revenues (Huang and Chan, 2018). In terms of their uses, land
revenues are normally earmarked in governmental revenue systems to
finance urbanization projects (including environmental projects), eco-
nomic growth projects, and infrastructure projects including environ-
mental infrastructure (Tong et al., 2019; Zhu et al., 2019).

Meanwhile, rapid urbanization and growth are associated with
ecological decline (Shao et al., 2020). Severe environmental issues,
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such as air pollution, have led to many governmental actions and in-
terventions (Zheng and Kahn, 2017). The Chinese government has
implemented a series of important environmental intervention policies
and programs — such as performance responsibility systems, regional
collaborations, and reforms in environmental monitoring — to tackle
significant pollution problems associated with urbanization and eco-
nomic growth (Niu et al., 2020; Wang et al., 2019; Zheng and Kahn,
2017). These policy initiatives were made within a centralized decision-
making structure but through a decentralized network of local im-
plementers. The central government expects these policies to have a
significant strengthening effect on environmental institutions and po-
sitive policy outcomes (Wang and Lei, 2020). One of the most sig-
nificant and drastic policy actions occurred in 2007, when the central
government started assessing high-ranking local officials' responsi-
bilities in pollution control outcomes in the Environmental Perfor-
mance-Based Accountability (EPBA) system.

The EPBA was implemented in response to serious pollution, pre-
sumably caused by local economic growth and drastic local infra-
structure development during the process of urbanization (Pang et al.,
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2019), which was financed through various local government financing
platforms (LGFPs), most notably local land financing mechanisms. Land
financing, often portrayed by local governments in China as a major
form of policy innovation that boosts economic growth (Huang and
Chan, 2018), allows local authorities to mortgage land for the pre-
miums needed to carry out infrastructure development in the pursuit of
GDP growth, which is a major government performance assessment
criterion for local officials. While being seen as a major form of policy
response in the rapid urbanization process (Wu et al., 2019), land fi-
nancing has been recognized as a culprit in rapidly deteriorating en-
vironmental quality (Huang and Du, 2018).

The significance of this research lies in its description and critical
assessment of this centralized policy-making process and consequential
enforcement mechanisms, as part of an environmental policy govern-
ance model that differs significantly from the incremental and decen-
tralized environmental policy-making largely seen in the Western
context. Moreover, the findings should help policy-makers better un-
derstand how environmental assessments work under various local
fiscal circumstances.

2. Framework

In this section we consider the impact of land financing on pollution
and how environmental assessments may moderate this impact. We
describe the rationale and key components of the EPBA as an en-
vironmental policy intervention within the Chinese context and high-
light differences in motives, policy-making processes, the capacity in-
vested, and the enforcement strength in comparison with Western
systems.

2.1. Land financing and its impact on pollution

Land financing (or land finance) is a proactive approach to public
land leasing by local governments in China. It is a major fiscal policy
initiative, rather than just a financing mechanism (Wang and Ye, 2016).
Land revenue normally refers to a local government's off-budgetary
sources that come from transferring multiannual land use rights (Shu
et al., 2018; Tu and Padovani, 2018). In China, land use rights can only
be owned by the state or by rural collectives, according to the dual land
regime asserted by the current Constitution of the People's Republic of
China enacted in 1982 (Ong, 2020). Apart from directly leasing the land
owned by the state for non-profit uses or the mandatory building of
national key projects, local governments can expropriate land owned by
rural collectives, usually at a low price, with the aim of urbanizing it.
Local governments can then convey the land use rights to real estate
developers or private users at higher prices through competitive bid-
ding (Tu and Padovani, 2018; Zhu et al., 2019). By this process, local
governments can obtain considerable land grant premiums, which
usually account for 60% to 80% of local governments' total revenues;
this was a major source of extra-budgetary revenues for local govern-
ments in the past decades (Huang and Chan, 2018; Tang et al., 2019;
Wu et al., 2015).

The predominant role of land financing in local governments' fiscal
system reflects an evolving intergovernmental fiscal regime in response
to China's rapid economic and administrative reforms (Zhang, 2018).
The history of land financing dates back to local experimentations in
the 1980s (Wu et al., 2015), but has only become popular since the
early 1990s, when the central government, with recentralized revenues
due to the 1994 Tax-Sharing Reform, allocated fewer resources to local
governments (Xu, 2019). Local governments, facing dwindling re-
sources and growing local needs for public services, resorted to land
financing by incorporating the revenues from land transactions into the
local fiscal system. This became a significant revenue source due to the
housing reform in the late 1990s that saw the local housing market
privatized (Jia et al., 2020). The performance assessment system in
China accelerated this trend. In China, capital projects are local
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governments' favorite investment targets because of their revenue
generation potential; local officials have been traditionally evaluated by
local GDP growth that is largely tied to infrastructure development (Yu
et al., 2019). Accordingly, land financing, linked with the proliferation
of capital projects, has become a key driver of China's rapid economic
growth since the 1990s (Wang and Hui, 2017).

The relationship between land financing and pollution is complex
but can be understood from two perspectives. In the short term, land
financing, due to its emphasis on economic infrastructure development
and residential housing projects, may dry out immediate local resources
that could otherwise be used for environmental protection, including
pollution control. In the longer term, however, fiscal revenue generated
from land financing can be used in pollution control after a level of
economic development is achieved.

Land financing is used to finance local infrastructural development
(Huang and Chan, 2018), which constitutes a significant part of local
GDP growth. Because GDP growth is explicitly used to evaluate local
governments' performance in performance assessment systems in
China, local governments benefit more from infrastructure develop-
ment than from the growth of non-infrastructure projects, such as
general environmental expenditure. Thus, land financing reflects a
strategic choice made by local governments in response to continuous
expenditure demands for local economic development under a decen-
tralized intergovernmental fiscal structure and a GDP-centered assess-
ment system (Wu et al., 2019).

This strategy inevitably leads to various negative environmental
outcomes, including pollution (Xie and Sun, 2020). In order to pursue
rapid economic growth, a local government is inclined to transfer un-
derdeveloped lands, as the most basic element of industrial production,
to energy-intensive and pollution-inducing industries (e.g., steel, ce-
ment, electrical power); this would directly attract vast numbers of
investments in fixed assets but would also contribute to an increase in
emissions from land use and industry development (Dong et al., 2018;
Tang et al., 2018). Since an increase in emissions in most of these in-
dustries leads to severe problems regarding energy consumption and
pollution (Yao et al., 2018), the ecological environment across the
country has been under great stress for decades.

Nevertheless, land financing can benefit pollution control as well.
As resources generated from land financing are normally not earmarked
for infrastructure development and can be treated as general revenues
in the Chinese system, they can be used for environmental purposes. For
instance, local infrastructure development financed through land fi-
nancing can prompt international investments that help local en-
terprises upgrade their technological levels, thereby directly con-
tributing to reducing emissions of PM2.5 (Xie and Sun, 2020). Thus, at
least in theory, land financing may also represent efforts to grow fiscal
resources that can be used for environmental protection. This view is
consistent with that of the Environmental Kuznets Curve (EKC), which
indicates that, in the early stages of economic growth, pollution in-
creases with the growing use of resources but, when a certain level of
economic growth is reached, the trend reverses, so that further growth
leads to environmental improvement (Alam et al., 2016; Le and Ozturk,
2020; Sarkodie and Ozturk, 2020). The above arguments suggest a
curvilinear function between land financing and pollution that can be
specified as follows.

Hypothesis 1. Land financing increases pollution in the short term, with
growing infrastructure outputs, but, in the long term, reduces pollution, with
greater fiscal resources for environmental protection, forming an inverted U-
shaped relationship.

2.2. The environmental performance-based accountability (EPBA) system
and its moderating effects

Rapid industrialization and urbanization have contributed to
China's ecological decline since the late 1970s (Shao et al., 2020). The
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central government has implemented policy reforms and various in-
novations to reinforce environmental protection, and has already issued
nearly 400 major legislative terms and policy measures since the early
1970s to combat environmental problems (Mu, 2018a). Among these
national laws and policies emerges a rather centralized environmental
governing structure, with a super-ministry of the central government
responsible for the rapid mobilization of power and resources to in-
fluence and coordinate local implementations (Wen, 2020). In this
system, the central government sets environmental targets, assigns local
responsibilities, and monitors implementation and policy outcomes
(Wu and Hu, 2019).

Under this environmental governing context, the EPBA system has
been promoted as a major policy initiative to tackle increasing pollution
problems facing the nation since the early 2000s. The EPBA system, as a
central government policy initiative, was experimentally implemented
by selected provincial governments starting in the mid-2000s, fully
implemented among all provinces starting in 2007, and reinforced with
new measurement in 2011. It mainly consists of two components: (a) an
environmental performance measurement system and (b) a target re-
sponsibility system that holds local officials accountable for environ-
mental outcomes (Wang and Lei, 2020). The latter is known as the One-
Vote Veto, in which underachievement in environmental outcomes can
be the sole reason for punishment, such as reduced wages and benefits,
demotions, the retraction of previous honors, or even dismissal
(Kennedy and Chen, 2018; Wu et al., 2018). By linking an official's
career advancement with environmental measures, the EPBA hopes to
make environmental targets high-stake and high-priority for local of-
ficials. The EPBA has been implemented with a campaign-style en-
forcement characterized by highly-centralized resource mobilization,
highly-specified policy goals, and empowered local authorities (Shen
and Ahlers, 2019). National performance targets were allocated to local
governments with strict policy mandates regarding performance ex-
pectations and consequential results if such expectations were not met
(Jin, 2017). More than 180,000 local officials had been sanctioned
under the EPBA mechanism by early 2018.

The EPBA emphasizes the individual responsibilities of high-level
officials and the rapid deployment of institutional capacities to control
pollution. It has been touted by the Chinese government as a major
policy innovation aimed at improving environmental quality. Policy
advocates expect the EPBA to motivate local officials to implement
environmental regulation policies to achieve economic growth that also
considers environmental needs (Chen et al., 2018). Unlike environ-
mental governance practices of decentralized systems in many Western
countries, bureaucratic mandates from above are the core of Chinese
environmental governance (Wen, 2020). The EPBA reflects this prac-
tice, as summarized in Table 1, in comparison to the Western context.

The EPBA is expected to mitigate local preferences regarding eco-
nomic growth. By integrating environmental criteria in assessments, the
central government expects to influence local decision-making toward a
more balanced growth model that considers the environmental impact
of economic growth. The EPBA is expected to increase environmental

Table 1
The distinctive features of the EPBA as an environmental policy initiative.
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resource inputs in the short term and, in the long term, to become in-
stitutionalized in local decision-making for a more balanced growth
model. This thinking coincides with the first hypothesis in that re-
sources allocated to the environment become greater over time due to
greater resources from land financing, which results in an accelerated
impact to reduce pollution, moderated by the EPBA, as specified in the
following hypothesis.

Hypothesis 2. The EPBA accelerates the long-term impact of land financing
on pollution, resulting in an increasing impact to reduce pollution (i.e., an
earlier arrival of the turning point in the inverted U-curve).

3. Method
3.1. Data and variables

We constructed a panel data-set covering 31 provinces in China
from 2000 to 2015 —

the period of the most rapid growth of land financing and significant
environmental deterioration in China. Meanwhile, the EPBA was for-
mally implemented across the country in 2007 when almost all leaders
of provincial government began to be held accountable for environ-
mental performance targets with career consequences. Subsequently,
the central government reinforced this system in 2011 by adding new
mandated indicators. Hong Kong, Macau, and Taiwan are excluded due
to their significant socio-economic or institutional differences. Data in
this research derive from the China Land and Resources Statistical
Yearbook, the China Environmental Yearbook, and the China Statistical
Yearbook. The values of the variance inflation factors (VIF) of all
variables are less than 10, indicating that multicollinearity is not a
concern in this data.

Land financing was measured by land grant premiums, as suggested
by Wu and colleagues (Wu et al., 2015). The quadratic term of land
financing (LF?) was used to measure its nonlinear relationship (inverted
U-shape) with pollution (Shao et al., 2019; Wang and Wang, 2019).
Pollution is measured by the emission levels of four types of priority
pollutants mandated by national five-year plans that specify specific
control targets for local governments (Liu and Liang, 2017): chemical
oxygen demand (COD) and sulfur dioxide (SO,), as required in the
EPBA since 2007, and ammonia nitrogen (NH,) and nitrogen oxides
(NO,), as required in the EPBA since 2011. Consequently, two dummy
variables in 2007 and 2011 were constructed to measure the effects of
land financing on pollution. An interaction term, LF> x EPBA, con-
structed through the mean-centering approach, was created to estimate
the moderating effects (Hayes, 2017; Liu et al., 2019; Yu et al., 2019) of
the EPBA on the relationships between land financing and pollution. All
the variables, aside from the EPBA (dummy variable), industrialization,
and the number of employees working in a government's environmental
protection units (ratio variable), are transformed to the natural loga-
rithm scale in order to control significant regional differences and
model heteroscedasticity. The descriptive statistics of each variable are

The EPBA

The Western Context

Major policy motives

Policy making process

Implementation capacity
invested

Responsibility focus

Enforcement accountability

Mainly political concerns over issues such as civil protests
against pollution, in addition to environmental motives
Centralized top-down and campaign-style with the central
government in charge of policy making and local governments as
implementers

Significant investment of the central government and rapid
deployment of resources

Individual high-ranking officers are hold responsible for policy
outcomes

Linked directly to individual officials' career advancement
opportunity and financial incentives

Mainly environmental considerations due to ecological quality decline and
natural resource depletion

Legally based, systematic, and often incremental approaches, normally within a
decentralized system with various levels of governments making policies for the
issues of their own interests, with involvement of various stakeholder groups
Resource allocations competing with other needs

Normally, systems or institutions are accountable though individual managers
are assessed as well
Linked mainly to institutional factors such as budgets or institutional changes
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Table 2
Descriptive statistics, 2000-2015.
Variables Obs. Mean SD Min Max
Land Financing (LF) 496 14.264 1.992 6.227 17.929
Environmental Performance-based Accountability (EPBA) 496 0.313 0.464 0 1
Pollutants Emission COD 496 3.449 0.900 —0.223 4.828
S02 496 3.820 1.331 —2.526 5.300
NHx 434 1.237 0.927 —2.303 2.839
NOx 306 3.630 1.053 —2.303 5.001
Control Variables Population (POP) 496 8.068 0.867 5.568 9.292
Industrialization (IND) 496 0.463 0.084 0.010 0.615
Public Participation (PP) 496 8.544 1.527 2.773 11.656
Environmental Protection Employee (EPE) 496 13.886 5.366 5.025 32.999
Expenditure of Cultural, Sports & Media (ECSM) 496 3.216 0.990 0.327 5.278

shown in Table 2.

In this research, the use of panel data with space-time and cross-
sectional configuration of variables, as employed in many environ-
mental governance studies (Baltagi, 2008; Postula and Radecka-Moroz,
2020; Zhang, 2020), should alleviate the concern of omitted variables,
which will be elaborated in the modeling process below.

3.2. The model

Proper control is important for modeling (Lo and Broto, 2019),
though it is not always feasible and necessary to create an all-inclusive
model for model control due to the concerns of data availability and
reliability. The modeling process of this research considers (a) the im-
pact of land financing on pollution and (b) the moderating effect of a
central government assessment scheme (EPBA) on the impact, while
controlling contextual and institutional variables. The process considers
the literature on pressure-state-resources (PSR) to identify contextual
variables of socioeconomic and environmental pressures (Wang, 2011;
Wang and Berman, 2014), and Neo-institutional Theory (Liu et al.,
2016; Suddaby et al., 2013; Wang and Chen, 2014) and Resource De-
pendence Theory (Malatesta and Smith, 2014; Pang et al., 2019) for
institutional variables of resource and capacity.

Environmental pressures are captured in the model by measuring
the population size and industry share of GDP for ecological stress and
the number of residents' environmental petitions regarding socio-
political pressure (Czyzewski et al., 2020; Wu et al., 2018). Moreover,
institutional resources and capacity are measured by the number of
employees working in a government's environmental protection units
(Zhang and Cao, 2017). As a measure of institutional political dynamics
(specifically concerning resource allocation decisions in which various
public services compete for limited funding), government spending on
cultural elements, sports, and the media is used as a proxy for non-
environmental services that are expected to compete for funding with
environmental services; this measure is thus expected to have a nega-
tive influence on the pollution measures in the model (Wang, 2011;
Wang and Berman, 2014).

In modeling the relationship between land financing (LF) and pol-
lution level, we adopt a form of curvilinear relationship between eco-
nomic development level and environmental pollution level as specified
in the existing EKC studies (Sarkodie et al., 2020; Sarkodie and Strezov,
2019). We use traditional Hausman test (Hausman, 1978) and corrected
Huasman test by the auxiliary regression (Wooldridge, 2010) to choose
fixed effect model instead of random effect model for estimation. The F-
statistic results imply that both individual fixed effect and time fixed
effect should be introduced into the model (Baltagi, 2008), because the
degree of land financing and environmental governance varies with
provinces and years. Therefore, the basic model is specified as follows:

Pollutiony = ot + B\LE —; + BLFA_; + % Xie + A + W + € 6

where Pollution;, represents the annual environmental pollutant emis-
sions in year t in province i. LF;, ; indicates the land financing level in a

province in year t-1. LFZ ; is the quadratic term of LF;. ;, used to test the
curvilinear impact of land financing on pollution. The control variables
(Xx) include socioeconomic and environmental variables, such as po-
pulation (POP), industrialization (IND), and public participation (PP),
and institutional variables, for instance, environmental protection em-
ployee (EPE) and expenditure of cultural, sport & media (ECSM). Be-
sides, A, is used to control the time effect, y; is used to control the in-
dividual effect, and ¢ is the stochastic term.

With the moderating effect of the EPBA included, the model is ex-
pressed as follows:

Pollution;; = a + B,LF_; + B,LF4_; + B,EPBA;
+ BLE /> X EPBA; ;1 + %Xy + A + W; + € (2)

In Eq. (2), the EPBA indicates the central government intervention,
and the interaction item of LF;.;> X EPBA;.; represents the moderating
effect of the EPBA on the impact of land financing on pollution. The
meanings of the other parameters are the same as in Eq. (1). Moreover,
B1 and B denote the regression coefficients of the impact of land fi-
nancing on pollution. 33 is the estimated coefficient of the govern-
mental intervention. 4 is the estimated coefficient of the moderating
effect.

3.3. Model robustness

We conducted the Cross-Sectional Dependence test, the Individual
Heterogeneity test, and the Panel Stationary test step by step to ensure
model estimate robustness (Le and Sarkodie, 2020; Xie and Sun, 2020).

First, the spatial correlations across provinces were examined using
the Cross-Sectional Dependence test. Because our data (a short panel
dataset) are characterized by large sample sizes (N) and small time
series (T), the Lagrange Multiplier (LM) test is no longer applicable
(Pesaran et al., 2008). We employed both the semi-parametric tests
with the time effect (Frees, 2004) and the parametric tests (Pesaran,
2004). Both methods can properly treat balanced panels with small T
and large N. Furthermore, we corrected the cross-sectional dependence
problem reflected in Table 3 in the next steps.

Second, we estimated the individual heterogeneity through the
Intercept Heterogeneity test. The standard assumption in panel data
analysis is that the intercept coefficients are homogeneous across the
sample, but the assumption is not applicable when the individual ob-
servations are at different development stages. So we utilized the F-
statistic for individual homogeneous tests by which the null hypothesis
is that the observations across individuals and time is homogeneity of
regress coefficients (Baltagi, 2008). Table 3 shows that the null hy-
pothesis is rejected, which means that there are different intercept
coefficients among provinces. According to Driscoll and Kraay (1998),
we adopted the fixed effect model with Driscoll-Kraay standard error to
correct the cross-sectional dependence and individual heterogeneity for
efficient and unbiased estimations (Driscoll and Kraay, 1998).

Third, we followed the Levin-Lin-Chu (LLC) procedure of Panel Unit



B. Yan, et al.

Table 3
The result of the CD test and heterogeneity test.
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Dependent Variable CD test Heterogeneity test

Pesarans's test abs Free's test alpha = 0.01 F statistic p-value
COD —2.043%* 0.487 0.335 38.62%** 0.000
SO, —2.274%* 0.475 0.335 # 0.000
NH, —1.708* 0.436 0.360 0.000
NOy 5.468%** 0.452 0.581 0.000

Notes: *p < .1,**p < .05,**p < .01.

Table 4

Results of stationary properties of panel data.
Dependent Variable Adjusted t* p-value
COD 0.000
SO, 0.000
NHy 0.000
NOy 0.000
LF 0.000
POP 0.000
IND 0.000
PP 0.000
EPE 0.000
ECSM —8.868%*** 0.000

Notes: *p < .1,**p < .05

Root test to identify the stationary properties of panel data before es-
timation (Levin et al., 2002). The LLC test assumes that a panel dataset
contains unit roots and it allows the model to add fixed effects or time
trends. We added a demean option to alleviate cross-sectional depen-
dence issues. The results show that the null hypothesis is rejected in all
variable tests at the 1% significance level, which means this panel da-
taset is stationary and can be used for subsequent estimation (Table 4).

Besides the above analyses, two other estimation methods — the
fixed effect model with White Cluster standard error, and the Feasible
Generalized Least Squares (FGLS) model — were employed as further
robustness tests (Greene, 2003). The results confirmed our model esti-
mations as robust.

4. Findings

The trends of land financing (annual land grant premiums) and the
four pollutant emissions are displayed in Fig. 1. The figure shows a
growing trend in land financing, along with fluctuating but generally
declining trends of pollutant emissions. Three of the four pollutant
emissions in this research (COD, SO,, and NH,) show an upward trend

3000
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Pollutant discharge
(ten thousand tons)

500

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

= «COD S02

Year

with the growth of land financing before 2007, turning downward
since. Moreover, the pollution trends of COD, SO,, and NO, have de-
clined significantly since 2011.

The statistical results of the model effects (i.e., the impact of land
financing on pollution; Hypothesis 1) and the moderating effects of
EPBA (Hypothesis 2) are reported in Table 5 and Table 6, respectively.

4.1. The model effects

The results in Table 5 show that all four pollutant emissions mea-
sured in the models display a curvilinear relationship with the in-
dependent variable land financing, demonstrated by the squared term
of the land financing variable (LF) at a statistically significant level of
0.05, confirming the inverted U-shaped curve (Hypothesis 1). Specifi-
cally, an increase of 1% in land grant premiums respectively increases
COD emissions by 0.366%, SO, emissions by 0.561%, NH, emissions by
0.199%, and NO, emissions by 0.646%. Nevertheless, as demonstrated
by the negative coefficient of a LF? term, land financing is negatively
associated with pollutant emissions when it reaches a certain stage in
time for an inverted U relationship. For example, the discharge of COD
reduces 0.015% when the LF? increases by 1%. The results suggest that
land financing affects environmental outcomes in a nonlinear way, in
that land financing increases pollution until a turning point is reached,
at which point pollution starts to decline, further demonstrated visually
in Fig. 2 (take the case of SO,, for example).

We estimate the turning points for all pollutants measured in the
models: $635.619 million (US dollar, same hereafter) for COD, $2.188
billion for SO5, $74.867 million for NH,, and $34.704 billion for NO, in
land premium. This means that, for example, the increase in land grant
premium is positively associated with SO, emissions until the premium
reaches $2.188 billion, then a decline in SO, emissions is observed. In
more wealthy provinces with a higher level of economic growth and
social development, such as Jiangsu and Zhejiang, this turning point
was reached around 2001 for COD, while in less wealthy areas, such as
Guangxi and Jinlin, the turning point was after 2009, suggesting
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Fig. 1. The trends of pollutant emissions.
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Table 5
Regression results of the model effect.
COD SO,
FE_ Driscoll-Kraay FE_White FGLS FE_ Driscoll-Kraay FE_White FGLS
LF 0.366%** 0.366%** 0.206*** 0.561%** 0.561*** 0.331%**
(0.048) (0.090) (0.020) (0.121) (0.129) (0.024)
LF? —0.015%** —0.015%** —0.008*** —0.022%** —0.022%** —0.011%**
(0.002) (0.004) (0.001) (0.004) (0.005) (0.001)
EPBAo07 0.022 —0.165 —0.015 —0.002 —0.002 —0.040%*
(0.016) (0.166) (0.012) (0.036) (0.041) (0.019)
POP 0.039 0.039 0.158** —0.416%** —0.416 —0.238%**
(0.089) (0.347) (0.061) (0.137) (0.543) (0.048)
SIP 0.405* 0.405 0.209%** 0.705* 0.705 0.273%%*
(0.220) (0.442) (0.065) (0.369) (0.649) (0.076)
PC 0.023** 0.023 —0.005** 0.009 0.009 —0.004
(0.009) (0.015) (0.002) (0.013) (0.017) (0.003)
PE 0.012%* 0.012 0.011%*** 0.013** 0.013 0.010%**
(0.004) (0.009) (0.002) (0.005) (0.015) (0.002)
ECS 0.089%** 0.089 0.023* 0.110%** 0.110 0.035%*
(0.028) (0.103) (0.009) (0.033) (0.133) (0.018)
N 465 465 465 465 465 465
NHx NOx
FE_ Driscoll-Kraay FE_White FGLS FE_ Driscoll-Kraay FE_White FGLS
LF 0.199%** 0.199* 0.097%** 0.646%** 0.646** 0.987%**
(0.053) (0.101) (0.031) (0.188) (0.312) (0.306)
LF? —0.009%** —0.009** —0.003*** —0.024%** —0.024** —0.031%**
(0.002) (0.003) (0.001) (0.007) (0.011) (0.010)
EPBAo11 —0.040 —0.040 0.398*** —0.068 —0.068 —0.006
(0.084) (0.219) (0.017) (0.140) (0.157) (0.037)
POP 0.316%** 0.316 0.090 —2.117%** —2.117** —1.364**
(0.095) (0.408) (0.121) (0.234) (0.926) (0.564)
SIP 0.299 0.299 0.367** 0.264 0.26 0.833***
(0.270) (0.377) (0.169) (0.192) (0.238) (0.142)
PC 0.006 0.006 0.004 0.004 0.004 —0.009
(0.006) (0.012) (0.003) (0.006) (0.024) (0.010)
PE 0.016** 0.016 0.010%** 0.008 0.008 0.004
(0.005) (0.011) (0.002) (0.006) (0.012) (0.004)
ECS 0.193 0.193 0.140%** 0.129%* 0.129* 0.145%**
(0.039) (0.114) (0.025) (0.047) (0.0169) (0.045)
N 434 434 434 310 310 310

Notes: *p < .1,**p < .05,***p < .01. Robust standard errors are in parentheses.

regional differences in environmental improvement occur due to var-
ious levels of land financing.

The results provide evidence to support the first hypothesis re-
garding the impact of land financing on pollution. These results not
only add to the growing literature that suggests a general relationship
between economic growth and environmental quality, but, more im-
portantly, it further specifies the importance of local policy initiatives
(in this case, land financing policies in China) in influencing environ-
mental quality.

4.2. The moderating effects

How might the introduction of the EPBA influence the relationship
between land financing and pollution? The results in Table 6 indicate
that there are potential moderating impacts of the EPBA in three of the
four pollutants measured (COD, SO,, and NO,). The coefficients of the
interaction term of LF> x EPBA for COD, SO, and NO are significant,
except in the case of NH,, indicating that the EPBA moderates the im-
pact of land financing on COD, SO,, and NOy, but not that of NH,.

More specifically, according to the estimation results, the COD
emissions decrease by 0.002% and the SO, emissions by 0.003%, re-
spectively, when the interaction term of LF> X EPBA increases by 1%.
This finding suggests that the implementation of the EPBA may result in
intensified local efforts to reallocate resources from land financing to
environmental purposes, causing the earlier arrival of the return point

at which the growth of land financing starts to be associated with a
decline in pollution. This phenomenon can be demonstrated visually, as
in Fig. 3, in the case of SO,. In summary, the implementation of EPBA
accelerates the inverted-U curve relationship, likely causing local gov-
ernments to reallocate more resources from land financing to environ-
mental protection.

Unlike SO, and NO,, which are largely derived from the manu-
facturing industry and traffic in China, the emission source of NHy is
relatively unclear (Pan et al., 2016; Wang et al., 2016). Moreover,
unlike COD or SO, NH, and NO, are relatively new additions to the
priority targets listed in the EPBA system in 2011, resulting in fewer
data points for analysis. Additionally, the statistical standard of these
two pollutants was adjusted in 2011, resulting in a sudden increase in
data in that year, which may explain the insignificant EPBA effect on
NH, and NO,. Despite these, the findings largely confirm the second
hypothesis regarding the moderating effect of EPBA.

5. Discussion

In this section, the key findings of this research are discussed. First,
land financing is found to influence pollution in an inverted U-shape
fashion. Although the potential impact of economic growth on en-
vironmental quality has been well established through the
Environmental Kuznets Curve, the more specific policy dynamics of this
relationship have yet to be established (Xu, 2018). The evidence in this
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Table 6
Regression results of the moderating effects.

COD SO,
FE_ Driscoll-Kraay FE_White FGLS FE_ Driscoll-Kraay FE_White FGLS

LF 0.232%%* 0.232%* 0.067*** 0.339%** 0.339%** 0.184***
(0.046) (0.084) (0.016) (0.109) (0.121) (0.022)

LF? —0.009%*** —0.009** —0.002%** —0.012%** —0.012%* —0.005%**
(0.002) (0.004) (0.001) (0.004) (0.005) (0.001)

EPBAo07 —0.001 —-0.125 —0.038 —0.039 —0.039 —0.051*
(0.013) (0.177) (0.030) (0.032) (0.043) (0.026)

LF?*EPBA 007 —0.002%* —0.002*%* —0.001%** —0.003** —0.003*** —0.002%**
(0.001) (0.001) (0.000) (0.001) (0.001) (0.000)

POP 0.114 0.114 —0.059 —0.292 —0.292 —0.283%***
(0.090) (0.347) (0.060) (0.168) (0.540) (0.038)

SIP 0.403* 0.403 0.182%** 0.701* 0.701 0.461%**
(0.211) (0.430) (0.039) (0.346) (0.602) (0.056)

PC 0.022%* 0.022 —0.001 0.006 0.006 —0.004**
(0.009) (0.016) (0.001) (0.012) (0.018) (0.002)

PE 0.011** 0.011 0.004*** 0.011** 0.011 0.007%**
(0.004) (0.009) (0.001) (0.005) (0.014) (0.002)

ECS 0.052* 0.052 0.011 0.049 0.049 —0.042%**
(0.025) (0.103) (0.009) (0.038) (0.130) (0.012)

N 465 465 465 465 465 465
NHy NOy
FE_ Driscoll-Kraay FE_White FGLS FE_ Driscoll-Kraay FE_White FGLS

LF 0.129 0.129 0.134%** 0.054 0.054 0.180%**
(0.096) (0.154) (0.039) (0.194) (0.194) (0.082)

LF? —0.006 —0.006 —0.005%** —0.003 —0.003 —0.004
(0.004) (0.006) (0.001) (0.002) (0.007) (0.003)

EPBAo11 —0.002 —0.002 0.347%%* 0.362** 0.140 0.065
(0.098) (0.237) (0.027) (0.121) (0.161) (0.041)

LF?*EPBAjo11 —0.001 —0.001 0.000 —0.004*** —0.004%** —0.003***
(0.001) (0.001) (0.000) (0.001) (0.001) (0.000)

POP 0.323*** 0.323 0.228* —2.213%** —2.213** —1.688%***
(0.092) (0.403) (0.136) (0.252) (0.867) (0.207)

SIP 0.273 0.273 0.214 0.025 0.025 0.599%**
(0.271) (0.373) (0.145) (0.179) (0.242) (0.163)

PC 0.007 0.007 —0.002 0.010 0.010 -0.013
(0.006) (0.012) (0.03) (0.008) (0.021) (0.009)

PE 0.015** 0.015 0.008*** —0.002 —0.002 —0.004
(0.005) (0.010) (0.002) (0.007) (0.011) (0.003)

ECS 0.185%** 0.185 0.136%*** 0.097** 0.097 0.189%**
(0.041) (0.115) (0.020) (0.041) (0.065) (0.038)

N 434 434 434 310 310 310

Notes: *p < .1,**p < .05,***p < .01. Robust standard errors are in parentheses.

research shows that environmental quality may be influenced drama-
tically by land financing and land use policies established in a rapid
urbanization process. Indeed, resources from land transactions have
been touted as a major local government funding model in many re-
gions in the world and land financing has become a major funding
model to obtain resources for growth (Mitlin et al., 2018; Theriault
et al., 2020). Rapid economic growth, incentivized by land transaction
revenues for infrastructure development, has weighed on the environ-
ment. In the long run, however, such a funding model could lead to
more resources allocated for environmental purposes. This research
indicates a potential positive aspect of this funding model in influencing
environmental quality, clearly suggesting an area for future research.
Second, a positive impact of the EPBA on the relationship between
land financing and pollution was found in this research. This finding
calls for a deeper understanding of the conditions and circumstances
under which this assessment system works. Unlike environmental
governance in many Western countries, the EPBA system involves a top-
down approach, characterized by centralized decision-making, the
rapid assembling of institutional capacity, and an emphasis on in-
dividual leaders' responsibilities (Bina et al., 2011). The central gov-
ernment's urgent need for rapid outcomes, as well as the potential

consequential outcomes for individual leaders, make this approach a
potentially effective policy tool for making policy changes in environ-
mental governance. Given that local governments in China are still
driven largely by economic growth, with strong extrinsic incentives for
a growth model in practice, the EPBA can help local officials align their
economic development goals with a more nuanced consideration of the
ecological impact of these goals.

Perhaps most importantly, from the perspective of the central gov-
ernment, the finding of the EPBA moderating effect in this study il-
lustrates the importance of understanding the policy design and im-
plementation plan of the EPBA as a major form of environmental policy
innovation in China. The complex intergovernmental structure in China
features a powerful central government as the major initiator of en-
vironmental policies and local governments as implementers. Within
this complex structure, by introducing performance-based assessment
such as the EPBA, the central government alternates between control-
ling and empowering local governments in order to maintain control
over policy directions. Meanwhile, to achieve desirable policy out-
comes, the central government must allow local autonomy in im-
plementation. This process is a delicate balancing act in environmental
policy-making, involving the maintenance of equilibrium between local



B. Yan, et al. Environmental Impact Assessment Review 86 (2021) 106476
©w -
< .
*
o~ -
. / B e & oo
o 4
Lo d
*
* *e o0
o
k3 *®
T T T T
5 10 15 20
LF
¢ S0O2 Fitted values
Fig. 2. The impact of land premium on SO, emissions.
3. to avoid punitive consequences implemented by the central government

S02

LowLF HighLF

Before EPBA  ------- After EPBA

Fig. 3. The moderating effect of EPBA on the impact of land financing in regard
to SO2 emissions.

motives in economic growth and ecological concerns. Essentially, the
EPBA is part of the central effort to regulate institutional behaviors of
local officials through a tightening of environmental performance
control, which is also commonly known as the “tightening-crown spell”
(a metaphor from a classic Chinese novel Journey to the West) in China
(Yang, 1990).

The institutional logic of this mechanism plays out early in the
development phase of transitional China, with local officials being
motivated to involve themselves in land financing in order to benefit
from China's rapid economic and administrative reforms. They do so in
pursuit of economic growth and urbanization through land develop-
ment. However, the central government enacts the “tightening-crown
spell” to remedy the undesirable environmental consequences of eco-
nomic growth in order to achieve a balance between economic growth
and ecological quality. In this system, local governments are expected
to maintain a balance between economic growth and pollution, either

or to simultaneously ensure adequate local development. Rational of-
ficials will not stop pursuing local economic growth, yet they might
adjust decision-making and policy implementation behaviors to avoid
central punitive measures enacted through the EPBA. Our findings
provide some early evidence to support this approach.

Finally, it is important to note that the EPBA is an ongoing assess-
ment system that plays out in a dynamic intergovernmental relationship
system in China in which local governments, facing policy stimuli in the
assessment scheme, would develop coping strategies accordingly. In
this research, the moderating effect of the EPBA for NH, is not verified.
Indeed, as stated above, NH, emissions are more costly and technically
difficult to monitor and manage (Postula and Radecka-Moroz, 2020),
creating a game space for local governments to evade the central gov-
ernment's monitoring. The finding demonstrates the dynamic nature of
a performance assessment system like the EPBA and provides evidence
that it has room to improve.

6. Conclusion

For more than three decades, land financing has been a dominant
institutional effort to finance economic development globally. In this
research, we provide evidence that land financing in Chinese local
governments leads to a growth-then-decline pattern in pollution. We
also show that the central government's environmental assessment
system accelerates this decline. Our findings are indicative of the effi-
cacy of an environmental governance model that emphasizes cen-
tralized decision-making, and a strong enforcement mechanism that
stresses individual responsibility.

These findings contribute empirical evidence to the extant research
exploring the environmental assessment policy of China in a context of
incremental reform, which could help further our understanding of the
effectiveness of environmental governance practices in transitional
economies. Distinct from the Anglo-American models of governance at
work in most Western countries, environmental governance in China,
characterized by the EPBA in this study, may provide some lessons in
regard to dealing with developmental priorities in these economies.
Particularly, China stands out from other Asian countries in its pursuit
of economic growth and determination to curb environmental
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degradation (Ahlers and Shen, 2018; Mao and Zhang, 2018). The ra-
tionale of the environmental governance process within the Chinese
eco-social context differs from that in many Western countries. While
many qualitative or case studies have depicted China's environmental
assessment reform and governance process from various perspectives
(Lo et al., 2012; Mao et al., 2019; Mu, 2018b; Ran, 2017; Shen and
Ahlers, 2019; Zeng et al., 2019), our research is one of the first em-
pirical studies situated in the local fiscal context of China to explore
local environmental behaviors in regard to balancing the trade-offs
between economic growth, urbanization, and environmental protec-
tion. It provides implications of achieving a trade-off between en-
vironmental and economic targets during the rapid urbanization pro-
cess for other developing or transitional countries around the world.
Further studies should be designed to test the longer-term effects of
the EPBA system. Studies replicating this research in other similar
contexts should also help validate the outcomes of this study. Despite
these limitations, this study describes and assesses the role of an in-
novative environmental assessment model in a complex fiscal reality in
local Chinese governments. In doing so, it demonstrates an alternative
form of environmental policy-making that warrants further research.
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