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Spatial and nonlinear effects of
local government debt on
environmental pollution:
Evidence from China

Feifei Li*, Jieyu Huang' and Mingyue Du?*

‘Department of Economics and Management, Yuncheng University, Yuncheng, China, ?School of
Economics, Beijing Technology and Business University, Beijing, China

As a way for the government to integrate funds and make up for fiscal deficits,
bond issuance plays an important role in environmental governance and thus
impacts environmental quality. Based on the panel data of 30 provinces in China
from 2011 to 2019, this study utilizes spatial econometric and threshold panel
models to investigate the influence of local government debt on environmental
pollution. The empirical results are as follows: 1) Both environmental pollution
and local government debt have a significant positive spatial agglomeration
effect. 2) The relationship between local government debt and environmental
pollution presents a nonlinear U-shaped curve. Specifically, when the debt scale
is less than the threshold value, local government debt plays a role in restraining
environmental pollution, and when the debt scale exceeds the threshold value,
the influence of local government debt on environmental pollution plays a
promoting role. 3) A regional heterogeneity test suggests that in the eastern
region, the influence of local government debt on environmental pollution is
always restraining, while in the central and western regions, this influence is
consistent with the national level, showing a U-shaped feature. This study
provides a reference for policy-makers in improving environmental quality from
the perspective of local government debt. Policy-makers should keep the scale
of government debt within a moderate range to avoid the deterioration of
environmental quality caused by excessive debt.

KEYWORDS

local government debt, environmental pollution, spatial effect, nonlinear effect, China

1 Introduction

Since its reform and opening up, China’s economy has developed rapidly and become
the second largest in the world (Abbasi et al., 2022; Irfan and Ahmad, 2022). However,
with the rapid advancement of industrialization and urbanization, China’s environmental
problems have become increasingly serious (Wu et al., 2020; Ren et al., 2022b). The
2020 Global Environmental Performance Index (EPI) report showed that among the
180 participating countries and regions, China’s environmental performance ranked
120th and that its performance score was only approximately 55% of that of the top-
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ranked country. Environmental pollution, ecological destruction,
smog weather and other problems have seriously restricted the
sustainable development of the economy and had a serious effect
on people’s production, life and health (Duan et al., 2020; Hao
et al., 2021; Yang et al,, 2021). Therefore, the strengthening of
environmental governance and improvement of environmental
quality are important aspects of the new development concept
(Ren et al,, 2022a). To this end, government departments have
promulgated a string of new policies to improve the layout of
related industries and alleviate environmental pollution. The
General Plan for the Reform of Ecological Civilization System,
formulated and implemented by the State Council, points out the
following: “We should quicken the construction of a system of
ecological civilization and enhance the systematicness, integrity
and synergy of the reform of ecological civilization system.” The
“l4th Five-Year Plan” also points out that in the face of
increasing environmental problems, there is an urgent need
for the laying out of green transformation and for the
agglomeration and development of pollution-intensive
industries to be actively guided.

Environmental protection is a long-term and systematic
project that requires many material and financial resources
(Rediske et al., 2021; Su et al., 2021; Wu et al,, 2021). As the
concrete executors of environmental policies, local government
departments need sufficient financial funds to ensure the
implementation of environmental policies. However, since the
start of tax-sharing reform in 1994, Chinese local governments
have been faced with a mismatch between financial and
administrative power, which has led them to issue debts
through investment and financing platforms to raise funds (Qi
etal., 2022). In recent years, the scale of China’s local government
debt has been expanding continuously. According to the statistics
of the Ministry of Finance, in 2008, China’s local government
debt was 5.57 trillion yuan and, by the end of 2020, had reached
25.66 trillion yuan, translating to a 3.6-fold increase. Borrowing
debt can not only make up for this fiscal deficit and promote
economic growth but also give corresponding financial support
to the field of environmental pollution prevention and control to
a large extent and play a guiding role in government policies.
Moreover, the expansion of local government debt can improve
the quality of the regional environment. However, when the debt
scale continues to expand and debt is overissued, local
governments may face greater financial pressure. To protect
its reputation and repay its debt on time, the government
tends to relax its environmental supervision policy, choosing
instead to promote economic growth and increase fiscal revenue,
with the phenomenon of an “environment for growth” even
appearing (Pang et al., 2019; Jiang and Li, 2021). At this time, the
expansion of the debt scale worsens environmental quality and
aggravates environmental pollution. Therefore, what is the
impact of local government debt on environmental pollution?
Does local government debt promote or suppress environmental
pollution, or is it suppressed first and then promoted? Therefore,
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against the background of China’s pursuit of high-quality
economic development and the continuous expansion of local
government debt, it is of great practical significance to study the
impact of local government debt on environmental pollution.

The rest of this paper is organized as follows. Section 2
reviews the related literature. Section 3 analyses the influence
mechanism of local government debt on environmental pollution
and proposes the research hypotheses. Section 4 sets up the
econometric model and explains the data sources. Section 5
reports the empirical results and analysis. Finally, Section 6
summarizes the full text and puts forward corresponding
policy suggestions. The specific research framework used for
this study is shown in Figure 1.

2 Literature review

At present, the literature on local government debt and
environmental pollution focuses mainly on the influencing
of the
consequences of local government debt and the relationship

factors environmental  pollution, economic
between these two factors. Therefore, this section also reviews

the related research from the perspective of these three aspects.

2.1 Influencing factors of environmental
pollution

Scholars have analysed the influencing factors of environmental
pollution (Duan et al,, 2021), including economic growth (Grossman
and Krueger, 1995), financial development (Abbasi and Riaz, 2016;
Katircioglu and Tagpinar, 2017; Xiong and Qi, 2018), foreign direct
investment (An et al,, 2021), real estate development (Wei and Kong,
2019; Gong and Kong, 2022) and education inequality (Liu et al,
2022). Moreover, some scholars have become concerned about the
effect of public financial expenses on environmental quality. For
instance, Lopez et al. (2011) claimed that with of the increase in public
expenditure, sulfur dioxide (SO2) emissions and lead concentration
decrease, while Hua et al. (2018) studied the influence of education
and innovation expenditure on atmospheric pollution by using
sample data from China, the empirical results of which showed
that both education and innovation expenditure significantly reduced
SO2 emissions. Furthermore, Karasek and Pavlica (2016) and Sachs
et al. (2019) showed that financial expenditure on environmental
protection, such as green investment, plays a positive role in
improving environmental quality.

2.2 Economic consequences of local
government debt

Currently, a large number of studies have examined the
economic effects brought about by the expansion of local
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Research framework.

government debt, but no consistent conclusion has been
reached. The positive view is that such a sustained
economic recession has a negative impact on industrial
capital and investment projects. In both the short and long
terms, government borrowing or expansionary fiscal policies
can have a positive impact on output, thus promoting regional
economic growth (Spilioti and Vamvoukas, 2015; Arai et al,,
2018). In contrast, the negative view holds that although
government borrowing can promote economic growth to a
certain extent, the excessive expansion of the debt scale may
cause inflation, raise interest rates, and then crowd out private
investment, which are not conducive to economic growth
(Cochrane, 2011; Teles and Mussolini, 2014; Swamy, 2020).
The third view is that the influence of local government
borrowing on the economy is not invariable and that the
relationship between debt and economic growth is nonlinear;
that is, there are one or more debt thresholds. When the debt
level is lower than this threshold, the relationship between
debt and economic growth is positive, but once the level
exceeds this threshold, this relationship is reversed (Baum
etal., 2013; Woo and Kumar, 2015). In addition, some studies
have examined the effects of local government debt on other
economic indicators, such as technological innovation (Xu
et al., 2021), inflation (Reinhart and Rogoff, 2010), interest
rate (Winter 2017), and financial risk (Zheng et al., 2021; Ba,
2022).
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2.3 Influence of local government debt on
environmental pollution

Regarding the impact of local government debt on
environmental pollution, at present, there are not many
studies in this field, with only a few studies having directly
examined the relationship between these two factors. For
example, using a sample of Chinese data, Qi et al. (2022)
revealed that local government debt negatively affects
SO2 emissions and that this negative effect shows a
dynamic feature of first strengthening and then weakening.
Moreover, Zhang and Zhao (2018) indicated that the increase
in the debt scale places great pressure on local governments to
repay debts and interests. To avoid damaging their reputation,
local governments choose to exchange environment quality
for economic growth; that is, the expansion of government
debt Additionally,
Carratu et al. (2019), taking European countries as the

promotes environmental pollution.
research sample, found that government debt has a
restraining effect on consumption pollution and that this
effect decreases with the increase in the ratio of debt to
gross domestic product (GDP). Furthermore, Guo and Xue
(2021) combined city-level debt data with the pollution
emission data of enterprises to investigate the influence of
local debt on enterprise pollution emissions and found a
U-shaped curve.
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The above documents have laid the foundation for
the effect debt
environmental pollution, but some shortcomings still exist. First,

understanding of local government on
the existing research related to local government debt has paid
attention mainly to its economic consequences, but little focus has
been placed on its noneconomic effects, particularly those on the
ecological environment. Second, the literature has used mainly panel
data, rarely considering the influence of spatial geographical factors.
Spatial correlation and contagion are important attributes of
environmental pollution, and thus, ignoring spatial effects may
lead to a deviation in the results. Finally, the current research has
focused mainly on the positive or negative linear effect of local
government debt on environmental pollution while ignoring the
nonlinear relationship between the two factors. At present, only Guo
and Xue (2021) have investigated the nonlinear effect of the
relationship between these two factors by introducing the square
term of local government debt into the regression equation. However,
a premise implied by this introduction of the square term is that the
influence of government debt on environmental pollution is
symmetrical around the inflection point determined by the
equation, but no relevant research to support this assumption exists.

In view of this, the marginal contributions of this paper lie in
three aspects. First, local government debt and environmental
pollution are placed into a unified framework, which helps the
impact and consequences of local government debt be fully
the
environmental effects of government debt. Second, a spatial

recognized and enriches relevant literature on the
econometric model is constructed to explore the impact of local
government debt on environmental pollution more comprehensively
and scientifically. Third, a threshold panel model is utilized to analyse
the nonlinear relationship between local government debt and
environmental pollution, and the regional heterogeneity of the
influence of government debt on environmental pollution is
further

suggestions for the scientific formulation of debt prevention

investigated, providing rich policy guidance and

measures and improvement of the ecological environment.

3 Theoretical analysis and research
hypotheses

3.1 Nonlinear influence of local
government debt on environmental
pollution

As market failures can emerge, government departments need
to implement environmental protection activities, which have
certain positive externalities (Qi et al, 2022). Over the past few
years, the financial expenditure of Chinese government departments
for the purpose of environmental protection has been increasing,
with the annual investment in 2020 reaching 630 billion yuan,
accounting for approximately 2.58% of central and local general
public budget expenditures. Such a large fiscal expenditure does not
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match the current political system of turning over financial rights
faced by local governments in China, and thus, local governments
have to issue debt to meet the expenditure requirements for
environmental protection. By issuing debt, on the one hand, the
government can improve environmental quality by increasing green
investment. For example, the research of Ren et al. (2022a) claims
that green investment can improve energy-saving and emission
reduction capacity, upgrade the industrial structure, and then
restrain  environmental pollution. On the other hand, the
government can also promote environmental protection by
increasing financial subsidies to enterprises (Wang et al., 2020).
For example, the study of Qi et al. (2022) suggests that government
subsidies to those enterprises that purchase environmental
protection equipment and implement green innovation projects
can impact their behaviours and push them towards the
development of a green economy.

However, if the size of local government debt is excessively
expanded, then environmental quality is also worsened, and a
positive function in aggravating the degree of environmental
pollution is exerted. The continuous expansion of the debt scale
has brought with it certain challenges to the government’s debt
repayment. To increase fiscal revenue to ensure that such debt
can be repaid on time, the government often chooses to invest in
public infrastructure projects that can promote economic growth
shortly to increase tax revenue. However, for environmental
protection expenditures, such as green investment projects,
the government’s investment gradually decreases due to their
long investment cycle and unstable income levels. At the same
time, to further increase tax revenue, the government encourages
enterprises to actively expand production, reduce the intensity of
environmental supervision, and improve the pollution discharge
level of the region. In addition, from the perspective of financing
sources, some scholars have pointed out that the excessive
expansion of local government debt reduces the level of green
innovation of enterprises in the region, thus further affecting
environmental quality improvement. For example, Chen et al.
(2022) showed that as China’s capital market is not perfect, the
local government relies mainly on banks and other financial
institutions to obtain credit funds and that the financing sources
of enterprises are mainly financial institutions. Due to the
homogeneity and limitation of funding sources, the expansion
of government financing demand occupies the credit resources
originally belonging to enterprises to a great extent, thus
inhibiting the green innovation investment of enterprises.

According to the above analysis, it can be inferred that the effect
of local government debt on environmental pollution does not
comprise a simple linear relationship. If the size of local
government debt is within a moderate range, then government
departments can make use of the raised funds to carry out green
investment and increase financial subsidies, as well as carry out other
environmental protection projects, to optimize environmental
quality. If local government debt crosses a reasonable threshold,
then it places pressure on the local government to repay such debt
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and prompts the government to embark on a path of “exchanging
the environment for growth”. At this time, the effect of local
government debt on environmental pollution is positive. Based
on the above factors, Hypothesis 1 is put forward, with the
mechanism of the effect of local government debt on
environmental pollution being depicted in Figure 2.

Hypothesis 1: The impact of local government debt on
environmental pollution is nonlinear.

3.2 Spatial effect of local government debt
on environmental pollution

The discharge of pollutants has obvious negative externality
characteristics, as pollutants can spread across different areas
through various media. Therefore, environmental pollution has
obvious spatial spillover characteristics (Hao et al, 2021; Wang
et al, 2021; Zhang et al, 2021). Shao et al. (2016) pointed out
that particulate matter (PM) 2.5 is spatially dependent due to its
strong spatial diffusivity, while Ren et al. (2022b) constructed a
comprehensive environmental pollution index, the empirical results
of which revealed that environmental pollution has an obvious
positive spatial correlation with environmental quality. Such a
positive spatial correlation implies that local environmental
pollution worsens environmental quality in the adjacent area
(Wang and He, 2019). In addition, many scholars have been
interested in the spatial correlation between local government debt
and environmental pollution and considered it from different angles.
Some scholars have discussed the spatial correlation between debt
and environmental quality from the perspective of government
competition. For example, Pan et al. (2017) pointed out that
competition among local governments is the major reason for the
enlargement of the government debt scale and that the competition
mechanism allows the government to offer financial guarantees for
the promotion of local economic improvement by continuously
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increasing the debt scale. Furthermore, Kopczewska et al. (2016)
analysed the strategic borrowing game between local governments in
terms of tax competition, indicating that both local taxes and
government debt are spatially dependent. Moreover, some
scholars have discussed the spatial correlation between local
government debt and environmental quality at the macro level
and suggested that an increase in the level of local government
debt leads to an increase in the debt level of neighbouring countries
and regions, and vice versa (Baskaran, 2012; Borck et al, 2015;
Balaguer-Coll et al,, 2016; Coll and Toneva, 2019).

The above analysis shows that environmental pollution and
local government debt in different regions exhibit spatial correlation.
However, few studies on the topics of government debt and
environmental pollution consider the spatial effect. In recent
studies, Qi et al. (2022) and Guo and Xue (2021) have utilized
the data of Chinese cities to analyse the effect of government debt on
emission reduction and enterprise pollution emissions and its
mechanism but have not taken the spatial effect of government
debt and environmental pollution into account. In view of this
deficiency in the literature, to make the analysis more scientific and
accurate, this study incorporates spatial correlation into the same
research framework and puts forward Hypothesis 2:

Hypothesis 2: There is a spatial effect of local government debt
on environmental pollution.

4 Methodology and data
4.1 Econometric methodology

4.1.1 Ordinary panel model

This study focuses on the relationship between local
government debt and environmental pollution. First, we build
an ordinary panel regression model, as shown in Model (1).
Referring to Qi et al. (2022), to test whether there is a nonlinear
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relationship between local government debt and environmental
pollution, we introduce a quadratic term, local government debt
(Debt?), into Model (1):

Pol; = ay + a; Debt; + otzDebtizt + azPergdp,, + a,Finance;
+ asPopden; + agOpeny, + o;Rdy, + agIndustry, +
+ Vi + &
(1)

the
environmental pollution, Debty is an explanatory variable

Here, Poly is explained variable representing
representing the local government debt scale, and Debt?
stands for the square term of local government debt. Next, y;
and v, are province and time fixed effects, respectively; & is a
random error term; and o — ag is the coefficient to be estimated.

See below for the meanings of the other variables.

4.1.2 Spatial effect model

The abovementioned model considers only the influence of
the economic and social factors of each province on local
government debt and environmental pollution, but in reality,
there are often complex links in various regions. The government
debt level, economic status and environmental quality of
neighbouring provinces and cities may also exert an influence
on local government debt and environmental pollution.
Therefore, in this part, spatial econometric models are built to
analyse the effect of local government debt on environmental
pollution. At present, spatial metrology models include mainly
the spatial lag model (SAR), spatial error model (SEM) and
spatial Durbin model (SDM). Based on the above factors, the
spatial metrology models are constructed as follows:

Poli; = oy + pZ;WijPoln + a,Debt; + otzDebtft + a;Controls

Vet g
(2
Poli; = ay + a; Debt; + azDebti + azControls + (1, + v,
+ YZ;‘:IWijEit (3)

Pol, = ag + pzj,n:lWijPoln + a; Debt;, + a,Debt’, + a;Controls

+a4zjn:1WijDebtjt + asz;lwijDebtz + a6Zjn:1WijC0ntrolit + 1

+ V¢ + €&

4)

Equation 2 is the SAR model, where « is the intercept term
and p is the spatial autoregressive coefficient. Controls denotes
each control variable, and ¢ is the random error term. Equation
3 is the SEM, with y representing the spatial error correlation
coefficient, which describes the direction and degree of the error
impact in the neighbouring area on the level of local
environmental pollution. Then, by adding the spatial lag
terms of the explanatory and control variables, the SDM can
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be obtained, as shown in Eq. 4. In the above formulas, Wi is the
spatial weight matrix, which includes mainly the 0-1 adjacency,
geographical distance and economic distance matrices, which,
specifically, we define as follows:

(1) 0-1 matrix: if provinces i and j are geographically adjacent,
then W}J = 1; otherwise, WllJ =0.

21 (s 2 _

i = @y (i#)), and W;; =0

(i = j), where d; represents the spherical distance between

(2) Geographic distance matrix: W,

cities.

(3) Economic distance matrix: Wg = —1_ (i#j), and Wi =0(i=

_ Y-l
j), where Y; indicates the average GDP of province i.

4.1.3 Threshold effect model

Based on the theoretical analysis, the influence of local
government debt on environmental pollution is shown to be
nonlinear. By introducing the square term into the regression
model, the nonlinear relationship between the two factors can be
preliminarily judged, but the implicit, and rather strict,
assumption is that the influence of government debt on
environmental pollution is symmetrical both before and after
the inflection point. However, the threshold effect model can
automatically identify model characteristics according to the
sample data and does not require strong presupposition.
Moreover, the threshold effect model can better capture the
nonlinear threshold characteristics of one variable in the
economic system due to the structural mutation of another
variable. Therefore, to identify the effect of local government
debt on environmental pollution more accurately and learn from
Hansen’s idea of building a threshold panel model (Hansen,
1999), we construct the following threshold panel model:

Poli = a + X\ Debt; x I(Debt<p,)
+A;Debt;; x I(p, <Debt<y,) +-
Aneri X I(p,  <Debt<p )+ Aniiery x I(Debt>p )
+ Beontroly + ¢,

®)

Here, A1, A2 ... An, An+1 denote the staged influence of local
governmental debt on environmental pollution; I () is an
instruction function; u; is a specific threshold value; and ¢, is
a random interference term.

4.2 Explanation of the variables

4.2.1 Explained variables

Environmental pollution: To comprehensively depict the
degree of environmental pollution in various regions in China,
with reference to Gong and Kong (2022) and Ren et al. (2022a),a
composite index of environmental pollution is constructed by
using industrial wastewater discharge, industrial SO2 discharge
and industrial soot discharge as basic data. In the determination
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of index weight, the entropy method is utilized to objectively
weight each index, and finally, the comprehensive index of the
annual environmental pollution intensity of each province is

obtained, expressed as Pol.

4.2.2 Core explanatory variables

Local government debt: Local government debt in China
includes not only “in-system” local government bonds launched
by the Ministry of Finance and provincial governments with
obvious budget constraints but also “city investment bonds”
issued by local investment and financing platforms with the
function of “quasi-municipal bonds” and bonds issued by local
state-owned enterprises. As the debt of local state-owned
enterprises is used mainly for the development of the
enterprises themselves, it does not have the full function of
quasi-municipal debt, and its scale is limited by company law,
so it does not change much and, thus, is not considered. Based on
the above factors and referring to Wang (2022) and Shi and Zhao
(2020), this study uses mainly the sum of government and urban
investment bond balance to represent the size of government
debt. In addition, following Chen et al. (2022) and Croce et al.
(2019), to eliminate the influence of the regional economic scale,
we take the ratio of government debt to GDP as the proxy
variable of local government debt. Furthermore, the ratio of
government debt to fiscal revenue is adopted to replace the local
government debt index for the robustness test.

4.2.3 Control variables

There are many factors that affect environmental pollution.
Following previous research (Wang and Zhou, 2021; Zhang and
Du, 2022; Zhou et al,, 2022), this study selects a series of control
variables.

Economic development (Pergdp). The level of economic
development can influence environmental resource demand
and energy utilization efficiency, thus affecting environmental
pollution. This study adopts the per capita GDP of each province
to measure economic development (Du et al., 2022b).

Financial development (Finance). As the “brain” of the whole
economy, finance plays an important role in optimizing the
industrial ~ structure and economic transformation; in
particular, the development of green finance promotes energy
conservation, emission reduction and environmental protection.
In this paper, the financial development level is expressed by the
proportion of the balance of loans from financial institutions to
year-end GDP (Mao and Ma, 2021).

Population density (Popden). The greater the population
density is, the greater the environmental pressure (Liu and
Liu, 2019). The number of people per square kilometre is
used to measure the level of population density.

Economic openness (Open). In this study, foreign direct
investment is used to measure the degree of openness to the
outside world, as such investment can curb environmental
pollution by advanced and

introducing energy-saving
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TABLE 1 Statistical description of variables.

Variable Obs Mean Std. Dev Min Max
Pol 270 0.332 0215 0.001 0.894
Debt 270 0.184 0.163 0.006 0.708
Pergdp 270 0.002 1.005 -1215 3.836
Finance 270 -0.038 0.939 ~1.669 2.389
Popden 270 -0.058 0.949 ~1.554 2314
Open 270 0.007 1.001 -1.085 5274
Rd 270 1.640 1122 0.412 6.310
Industry 270 0.486 0.089 0.339 0.827

environmental protection products and clean technologies
from abroad. We use the proportion of actual foreign
investment and GDP to measure economic openness (Ma
et al.,, 2022).

Research and development (R&D) investment (Rd). R&D
investment can affect the level of technological innovation, which
can contribute to the improvement of environmental quality.
This study uses the ratio of R&D investment to GDP in each
province to represent the level of R&D investment (Ma et al.,
2022).

Industrial As the

determining how the economic system uses resources and

structure  (Industry). core factor
discharges waste, the industrial structure has an important
impact on environmental pollution (Du et al., 2022a). In this
study, the ratio of the value added of the tertiary industry to GDP

is used to measure the industrial structure.

4.2.4 Date sources

In this paper, China’s provincial panel data, taken from the
website of the National Bureau of Statistics, China Statistical
Yearbook, China Environmental Statistics Yearbook, China
Regional Economic Statistical Yearbook and the statistical
yearbooks of various provinces, are used as the research
sample. The descriptive statistics of the sample data are
displayed in Table 1.

5 Empirical results and analysis

5.1 Basic nonlinear analysis of
environmental pollution caused by local
government debt

Table 2 displays the regression results without considering
the spatial correlation effect. Column (1) contains only the first
item, local government debt; Column (2) introduces its square
item on the basis of Column (1); and Columns (3)-(8) add
control variables. Table 2 shows that the coefficient of local
government debt in Column (1) is significantly positive, meaning
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TABLE 2 Results of nonlinear regression based on square term.

Variable (1) 2) 3)
Debt 0.328** —1.794%** -0.978**
(0.165) (0.352) (0.401)
Debt? 2.032%0¢ 1.162*
(0.618) (0.641)
Pergdp 0.256***
(0.066)
Finance
Popden
Open
Rd
Industry
Constant 40140 3.789*** 3.493*%*
(0.087) (0.110) (0.131)
Year Fe Yes Yes Yes
Province Fe Yes Yes Yes
N 270 270 270
R-squared 0.913 0.917 0.922

10.3389/fenvs.2022.1031691

4) 5) (6) @) (®)
—0.980** —0.999** —0.923** —0.878** —-0.716*
(0.402) (0.412) (0.412) (0.411) (0.423)
1.162* 1.201* 1.234* 1.241* 1.386**
(0.642) (0.667) (0.664) (0.661) (0.665)
0.259* 0.259** 0.244*** 0.229%** 0.260***
(0.073) (0.073) (0.073) (0.073) (0.075)
0.006 0.007 0.007 0.020 -0.010
(0.058) (0.058) (0.058) (0.058) (0.061)
-0.009 0.000 0.003 -0.005
(0.040) (0.040) (0.040) (0.040)
0.039* 0.037* 0.043**
(0.021) (0.021) (0.022)
-0.163* -0.158*
(0.096) (0.096)
1.411
(0.901)
3.4830 3.4857* 3,517 2.976¢ 2.126***
(0.161) (0.162) (0.162) (0.356) (0.649)
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
270 270 270 270 270
0.922 0.922 0.924 0.925 0.925

Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Figures in () are the t-values of the coefficients.

that government debt can promote environmental pollution,
without considering its nonlinear impact. Under the premise
of considering this nonlinear influence, the square coefficients of
the government debt listed in Columns (2)-(8) are all
significantly positive, suggesting that local government debt
has a U-shaped relationship with environmental pollution.
That is, there exists a turning point of the influence of
government debt on environmental pollution, before which
government debt can inhibit environmental pollution and
after which it can promote environmental pollution.
Regarding the regression results in Column (8), the
coefficients of the economic development level (Pergdp)
and degree of openness (Openness) are all significantly
positive, meaning that with the improvement of these two
factors, environmental pollution becomes serious. The
influence of R&D investment (Rd) on environmental
pollution is  significantly

negative, meaning that

technological innovation can optimize the regional

environment, which is in line with the conclusions of
Wang and Zhou (2021). In addition, the coefficients of
financial development (Finance), population density
(Popden) and industrial structure (Industry) all fail the

significance test, implying that the degrees of these factors
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do not play a role in environmental pollution in the sample
period.

To ensure the reliability of the above test results, this study
adopts the below methods for robustness testing.

(1) Endogeneity test. On the one hand, local government
debt affects environmental pollution, and on the other
hand, the level of environmental pollution may also
affect the borrowing strategy of the local government;
that is, a two-way causal relationship may exist, which
may bring about endogeneity problems leading to biased
benchmark regression results. In addition, although this
study attempts to control for the related factors that
affect environmental pollution, the empirical results
may still be affected by wunobservable factors.
Therefore, to alleviate this endogeneity problem
caused by two-way causality and missing variables,
this work lags the explained variable (environmental
pollution) for the first stage and then regresses it again.
The regression results are shown in Columns (1) and (2)
of Table 3, with Column (1) showing the results of not
adding control variables and Column (2) being the
results of adding control variables. It can be seen that
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TABLE 3 The robustness test.

Variable (1) (2) 3) (4)
Debt —0.254*%* —-0.123* -0.029 -0.089
(0.082) (0.063) (0.059) (0.060)
Debt* 0.203* 0.138** 0.027*** 0.028***
(0.104) (0.066) (0.007) (0.007)
Pergdp 0.260*** —0.360***
(0.075) (0.070)
Finance -0.010 0.080
(0.061) (0.054)
Popden -0.005 -0.046
(0.040) (0.035)
Open 0.043** 0.042**
(0.022) (0.019)
Rd 0.158 —0.228***
(0.096) (0.087)
Industry 1.411 —=5.059***
(0.901) (0.774)
Constant 4.1907* 2.306* 6.075%** 10.545%*
(0.088) (0.666) (0.076) (0.566)
Year Fe Yes Yes Yes Yes
Province Fe Yes Yes Yes Yes
N 240 240 270 270
R-squared 0.917 0.925 0.956 0.968

Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
Figures in () are the t-values of the coefficients.

the quadratic coefficient of local government debt is

significantly positive, which is consistent with the

previous results.
(2) Substitution variable measurement method. The ratio of
local government debt to GDP is replaced with the debt
ratio (local government debt to fiscal revenue) for regression
analysis. The regression results are shown in Columns (3)
and (4) of Table 3. Column (3) does not add control
variables, and the quadratic coefficient of the debt ratio is
significantly positive, while Column (4) adds control
variables, and the quadratic coefficient of the debt ratio is
still significantly positive, indicating that after changing the
measurement method of the explanatory variable, local
government debt and environmental pollution still exhibit
a U-shaped relationship. Thus, this conclusion is both stable
and reliable.

5.2 Estimation results of spatial model
5.2.1 Spatial correlation test
Moran’s I test is conducted on the spatial correlation of

local government debt and environmental pollution from
2011 to 2019, the results of which are reported in Table 4.
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Moran’s Z values of environmental pollution and local
government debt are mostly higher than the critical
value (1.65) at the level of 0.05 from 2011 to 2019, which
indicates that these two factors exhibit obvious spatial
correlation.

Taking 2011 and 2019 as representative years, Moran’s I
scatterplot is utilized to verify the local spatial autocorrelation of
local government debt and environmental pollution in each
province, the results of which are presented in Figures 3, 4.
Most of the observed values are located in the first and third
quadrants in each figure, and the spatial agglomeration
characteristics of local government debt and environmental
pollution are obvious, characterized by the fact that provinces
with higher levels of local government debt (environmental
pollution) are adjacent to each other and that those with
debt
pollution) are adjacent to each other, further indicating that

lower levels of local government (environmental
strong local spatial correlation exists between environmental
pollution and local government debt; therefore, in the next
section, a spatial econometric model is constructed for further

analysis.

5.2.2 Estimation results of spatial effect
Table 5
econometric models, and Columns (1)-(3) report those

shows the regression results of the spatial

results after using a 0-1 adjacency matrix. Specifically, the
first-term coefficients of local government debt are all
significantly negative, and its square-term coefficients are
all significantly positive. This result implies that local
government debt presents a U-shaped relationship with
environmental pollution. The possible reason for this is
that moderate debt issuance can make up for local
financial pressure and that the funds raised by government
departments through borrowing debt can increase their
investment in environmental protection and optimize

regional environmental quality. However, if debt is
overissued, then pressure is placed on the local
government in terms of debt repayment, causing

government departments to take the path of ‘exchanging
the environment for growth’ to expand fiscal revenue.
Columns (4)-(6) show the results of the regression using
the spatial matrix of geographical distance. It can be seen that
the signs and significance of the first-term and square-term
coefficients of government debt are consistent with the results
of the regression using the 0-1 matrix, indicating that the
nonlinear impact of local government debt on environmental
pollution still holds when considering the geographical
distances of provinces.

5.2.3 Robustness test of spatial effect

To further verify the reliability of the regression results of the
spatial econometric model, the following two robustness testing
methods are adopted. 1) The spatial weight of economic distance
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TABLE 4 Global correlation test: Moran index.

10.3389/fenvs.2022.1031691

Variable Moran’s I 2011 2012 2013 2014 2015 2016 2017 2018 2019
Pol Moran’s I 0.254*%* 0.224** 0.214** 0.254*%* 0.288*** 0.209** 0.117* 0.054 0.195**
Z-value 2.465 2.195 2.123 2.475 2.787 2273 1.325 0.755 1.960
Debt Moran’s 1 0.261%%¢ 0.172** 0.140% 0.101 0.127* 0.092 0.170** 0.160** 0.174**
Z-value 2.639 1.806 1.581 1.264 1.416 1.110 1.772 1.669 1.790
Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Scatter plot of the Moran’s | of China’s environmental pollution in 2011 and 2019.
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Scatter plot of the Moran’s | of China'’s local government debt in 2011 and 2019.
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TABLE 5 Estimation results of the spatial econometric models.

10.3389/fenvs.2022.1031691

0-1matrix Geographic matrix
Variable (1) ) 3) @ (5) (6)
SAR SEM SDM SAR SEM SDM
Debt —0.598* —0.717** —0.804** —0.594* —0.777** —3.055%**
(0.321) (0.328) (0.378) (0.323) (0.321) (0.932)
Debt? 1.093** 1.199%* 1.4570%¢ 1.109** 1.3190* 3.3414%*
(0.435) (0.430) (0.465) (0.441) (0.436) (1.294)
Pergdp 0.113*%%* 0.132%%* 0.174*%* 0.106*** 0.111%%* -0.010
(0.040) (0.042) (0.044) (0.039) (0.038) (0.161)
Finance -0.010 -0.012 0.053 -0.016 -0.016 —-0.064
(0.044) (0.044) (0.045) (0.044) (0.043) (0.113)
Popden —0.081*** —0.080** —0.070** —0.082*** —0.091*** —-0.176*
(0.031) (0.031) (0.031) (0.031) (0.032) (0.101)
Open —0.033** —-0.033** —-0.029* —-0.033* —-0.032* 0.006
(0.017) (0.017) (0.017) (0.017) (0.017) (0.090)
Rd 0.096 0.073 0.051 0.105 0.111 0.120
(0.073) (0.072) (0.073) (0.073) (0.071) (0.213)
Industry -0.224 —-0.135 -0.407 -0.136 0.043 2.222
(0.580) (0.563) (0.604) (0.586) (0.584) (1.924)
rho 0.125* —0.263*** —-0.150 0.359**
(0.086) (0.087) (0.125) (0.141)
lambda 0.197** 0.317**
(0.098) (0.152)
sigma2_e 0.021*** 0.021%** 0.018*** 0.021*** 0.021%%* 0.019***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
W*Debt —1.722%%* 0.444
(0.600) (0.474)
W*Debt? 1.828** 0.339
(0.859) (0.502)
N 270 270 270 270 270 270
R-squared 0.008 0.013 0.007 0.008 0.007 0.002
Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Figures in () are the t-values of the coefficients.
is employed. With the strengthening of economic correlation concordant. All of the above results imply that the

among provinces, economic distance has become a factor that
cannot be ignored in terms of its influence on environmental
pollution and local debt, so the spatial weight of economic
distance is used to regress the model. Although the coefficient
of local government debt in the SDM fails the significance test,
the regression results of the SAR and SEM reported in Columns
1) and 2) of Table 6 suggest that the impact of local government
debt on environmental pollution is nonlinear. 2) The
measurement method of the core explanatory variable (Debt)
is changed. The debt ratio (local government debt to fiscal
revenue) is used to replace the local government debt index
for spatial effect analysis. In Columns (4)-(6) of Table 6, we
observe that the results of the three models are highly
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conclusions of the spatial econometric model regression
analysis are robust.

5.3 Estimation results of the threshold
effect

5.3.1 Existence test of the threshold effect
Before establishing the threshold effect model, we first
need to test for the existence of the local government debt
threshold and specific threshold number. From Table 7, the p
value of the single-threshold test is shown to be 0.006, which is
significant at the 1% level. The p values of the double and triple
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TABLE 6 Robustness test of the spatial econometric models.

Economic matrix

10.3389/fenvs.2022.1031691

Replace the measurement method of debt

Variable (1) ) 3) 4) (5) (6)
SAR SEM SDM SAR SEM SDM
Debt —0.623* —0.841*** 0.444 —0.068** —0.072** —0.081**
(0.319) (0.311) (0.474) (0.034) (0.034) (0.040)
Debt? 1,183 1.4370% 0.339 0.014* 0.014** 0.017***
(0.437) (0.430) (0.502) (0.005) (0.005) (0.006)
Pergdp 0.111%%* 0.114*** 0.185*** 0.111%%* 0.122%%* 0.176***
(0.038) (0.037) (0.057) (0.039) (0.040) (0.044)
Finance -0.019 —-0.021 —-0.006 -0.017 —-0.020 0.046
(0.044) (0.042) (0.046) (0.042) (0.041) (0.044)
Popden —0.083*** —0.094*** —0.094*** —0.073** —0.071** —0.059*
(0.031) (0.032) (0.031) (0.030) (0.031) (0.030)
Open —0.034** —0.032* -0.017 —0.044*** —0.044*** —0.048***
(0.017) (0.017) (0.018) (0.016) (0.016) (0.017)
Rd 0.113 0.113 0.105 0.078 0.060 0.047
(0.072) (0.069) (0.073) (0.072) 0.072) (0.072)
Industry —-0.047 0.190 0.845 —-0.252 —-0.198 —-0.493
(0.583) (0.582) (0.690) (0.572) (0.557) (0.599)
rho 0.244** 0.445%%* —-0.134 0.234*%*
(0.117) (0.131) (0.085) (0.088)
lambda 0.403* 0.172*
(0.139) (0.096)
sigma2_e 0.021*** 0.020%** 0.019*** 0.021* 0.021** 0.019***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
W*Debt —3.642%%* —0.141**
(0.959) (0.067)
W*Debt? 4.425%%* 0.014
(1.414) (0.010)
N 270 270 270 270 270 270
R-squared 0.006 0.006 0.002 0.012 0.019 0.008
Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Figures in () are the t-values of the coefficients.
TABLE 7 Test results of threshold effect and the value of threshold estimation.
Independent  Threshold  Model F- P-value BS 1% 5% 10% Threshold 95%
variable variable test value confidence
interval
Pol Debt Single 59.49*** 0.006 300 21.589 27.050 40.442 0.206 [0.183,0.231]
threshold
Double 15.10 0.126 300 15.601 20.437 26.049 - -
threshold
Triple 11.56 0.326 300 22.940 30.580 40.576 -- -
threshold

Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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FIGURE 5
Likelihood ratio function diagram of threshold model.

TABLE 8 Threshold regression results and its robustness test.

Variable Benchmark Robust test
regression
(1) (2) (3) (4)
Debt_0 (Debt < 1) —0.190%* ~0.190%%* —1.461%* —2.335%¢
(0.029) (0.041) (0.320) (0.522)
Debt_1 (Debt > 1) 0.023** 0.023** 0.225%* 0.248**
(0.002) (0.004) (0.056) (0.049)
Pergdp 0.013%* 0.013** 0.005 0.007
(0.005) (0.006) (0.005) (0.006)
Finance 0.024*%* 0,024+ 0.022%* 0.011
(0.006) (0.008) (0.005) (0.008)
Popden -0.003 -0.003 0.003 -0.003
(0.004) (0.010) (0.009) (0.009)
Open 0.006%* 0.006%* 0.008* 0.009**
(0.002) (0.002) (0.004) (0.003)
Rd -0.012 -0.012 -0.015 -0.004
(0.010) (0.012) (0.012) (0.010)
Industry —0.237%* ~0.237% -0.162 ~0.146
(0.065) (0.101) (0.127) (0.098)
Constant 0.686** 0.686*** 0.664** 0.621*
(0.033) (0.044) (0.061) (0.042)
Observations 270 270 240 270
R-squared 0.832 0.832 0.816 0.840

Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
Figures in () are the t-values of the coefficients.

thresholds are 0.126 and 0.326, respectively, and fail the
significance test. Therefore, a single-threshold model is
built for estimation.

In addition, the threshold estimation result is also reported in
Table 7, showing that the threshold value is 0.206. Furthermore,
we draw a likelihood ratio (LR) function diagram to test the
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consistency between the estimated and actual threshold values, as
presented in Figure 5. We can see that the LR value matching the
threshold value is notably lower than the critical value of 7.35,
suggesting that the estimated threshold value is accurate and
effective.

5.3.2 Estimation results and robustness test of
the threshold model

From Table 8, it can be seen that Column (1) lists the
regression results of the common fixed effect and that
Column (2) reports those of the fixed effects model
considering heteroscedasticity. Specifically, when the ratio of
local government debt to GDP is below 0.206, the former can
significantly inhibit environmental pollution. If the proportion of
local government debt to GDP surpasses 0.206, then the
coefficient of local government debt is significantly positive,
implying that when government debt reaches a critical value,
it has a positive impact on environmental pollution. This change
shows that the influence of the expansion of local government
debt on environmental pollution acts as a double-edged sword
and that there is a transformation between the financial and
pressure effects. This research conclusion is consistent with that
of Guo and Xue (2021).

To further enhance the credibility of the above conclusions,
some robustness tests are conducted as follows. First, to eliminate
endogeneity, the core explanatory variable (local government
debt) is delayed by one period to re-establish the model, the
results of which are presented in Column (3). Second, we replace
the measurement of the local government debt index with the
ratio of the local government debt scale to fiscal revenue, the
regression results of which are displayed in Column (4). The
results of the robustness test are basically consistent with the
previous results, suggesting that the results of the threshold effect
model are both robust and reliable.

5.3.3 Heterogeneity analysis

Due to China’s vast territory, the impact of local government
debt on environmental pollution may differ across regions.
Therefore, this study divides 30 provinces into eastern, central
and western regions for discussion. Table 9 indicates that only the
single-threshold effect in the three regions passes the significance
test, suggesting its existence in these regions.

Table 10 reports the regression results in the three regions.
For the eastern region, when the government debt ratio does not
surpass the threshold, its coefficient is significantly negative.
Conversely, if the government debt ratio is above the
threshold value, then although its coefficient decreases, it is
still negative. For the central and western regions, the impact
of local government debt on environmental pollution is in line
with the results at the national level. The reason for this is mainly
that the levels of economic development in different areas vary
greatly. Specifically, the economy of the eastern region is
developed, with the local showing

government strong
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TABLE 9 The existence test of threshold effect in three regions.

Region Threshold Model F-test
variable
Eastern region Debt Single threshold 30.69**
Double 15.65
threshold
Triple threshold 10.76
Central region Debt Single threshold 17.65*
Double 10.37
threshold
Triple threshold 7.18
Western Debt Single threshold 31.30**
region Double 971
threshold
Triple threshold 5.43

Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

TABLE 10 The estimation results for regional heterogeneity.

Variable Eastern region
Debt_0 (Debt < r) —2.031**
(0.630)
Debt_1 (Debt > r) —0.782*
(0.384)
Pergdp 0.086
(0.079)
Finance 0.253*
(0.119)
Popden 0.029
(0.048)
Open 0.012
(0.031)
Rd —0.362***
(0.072)
Industry -1.330%
(0.654)
Constant 0.979*
(0.475)
Observations 99
R-squared 0.818

10.3389/fenvs.2022.1031691

p-value BS 1% 5% 10%

0.000 300 19.549 16.637 14.809
0.547 300 34.420 30.302 26.564
0523 300 56.341 34.822 26.328
0.086 300 25.593 19.718 16.449
0.223 300 22.608 17.801 13412
0.657 300 30.770 22.706 19.443
0.010 300 28.209 19.981 16536
0.267 300 27.662 16397 13.491
0.633 300 25.453 17.848 14.157

Central region Western region

—1.788*** —3.162%
(0.262) (0.558)
0.122% 0.225%*
(0.052) (0.079)
0.044* 0.069**
(0.020) (0.027)
0.019 0.022*%*
(0.019) (0.006)
0.009 0.002
(0.011) (0.011)
0.001 0.013
(0.005) (0.014)
-0.028 —0.048
(0.022) (0.040)
-0.092 —0.440%
(0.112) (0.216)
0.691%** 0.782%%*
(0.076) (0.099)
72 99
0.880 0.887

Notes: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Figures in () are the t-values of the coefficients.

financing and debt bearing capacities, which leads to a relatively
small impact of debt pressure on local government finance.
Therefore, even after the level of local government debt
surpasses the threshold, the government can still guarantee
the by
continuing to issue debt. For the underdeveloped central and

investment of environmental protection funds

western regions, the government’s solvency is relatively weak, so
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the relieving of financial pressure by issuing bonds is an
the of
environmental supervision to promote economic growth has

unsustainable  approach.  Therefore, relaxing
become one possible strategy in these regions. Therefore, as
the scale of local government debt surpasses the threshold
value, the environmental quality of these regions may be more

affected by local government debt.
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6 Conclusions and policy
recommendations

Since existing studies have paid little attention to the
relationship between local debt and environmental pollution,
this work explores this relationship by constructing spatial
econometric and threshold panel models. According to the
test results, some conclusions are drawn. First, the result of
the spatial econometric model proves that the distributions of
local government debt and environmental pollution both present
obvious spatial correlation. Second, the U-shaped relationship
between local government debt and environmental pollution still
holds after taking the spatial effect into account. Third, the
research of the threshold panel model indicates that the
debt
pollution exists in the form of a single-threshold effect. When

influence of local government on environmental
government debt exceeds the threshold, the influence of local
government debt on environmental pollution changes from
promoting.  Further

found that the

government debt on environmental pollution is always

inhibiting  to considering regional

heterogeneity, it is influence of local
restrained in the eastern region, while it shows a U-shaped
relationship in the central and western regions.

According to the research conclusions, the following policy
recommendations are put forth.

First, the spatial effect shows that both government debt and
environmental pollution in each province have a positive spatial
correlation. In view of this finding, the government should
enhance regional cooperation to regulate the scale of
government debt and pollution prevention and control to
achieve synergy between the regional ecological environment
and government debt and ultimately realize sustainable
economic development.

Second, the threshold effect shows that in terms of the
ecological environment, the welfare effect of government debt
is not a simple result of pros and cons; rather, the key is whether
its scale is in a reasonable range. Therefore, all sectors of society
should take a dialectical attitude towards the environmental
effects of local government debt, make overall plans, and
develop classified policies. For those areas in which the debt
scale has not yet exceeded the threshold value, the supervision of
government debt funds should be strengthened, and the
government should be guided to invest funds in areas such as
those that improve people’s livelihood and environmental quality
so that local governments can maintain the top-by-top
competition mode for a long time for the purpose of exerting
the pollution control and emission reduction effect of
government debt. For areas where the government debt scale
exceeds the threshold value, on the one hand, we should guard
against the continuous expansion of the debt scale causing
regional financial risks and, on the other hand, should
strengthen the environmental protection supervision work of
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the central government and avoid the phenomenon of
“exchanging the environment for growth”.

Third, the results of regional heterogeneity show that the
government should fully consider regional differences when
formulating relevant policies. For the eastern region, debt
bearing capacity is strong, while for the central and western
provinces, it is weak. Therefore, the relevant departments should
formulate multiple debt scales for different regions and avoid
conducting a one-size-fits-all approach.

This study performs a preliminary exploration into the
debt
pollution, but much remains to be known. First, this study

influence of local government on environmental
adopts macro data at the provincial level, which are
admittedly too rough. Because the degrees of economic
development, government debt level and environmental
pollution in different cities in the same province are obviously
heterogeneous, future research can use city-level data to carry out
further detailed research. Second, this study explains mainly the
influence mechanism of local government debt on environmental
pollution at the theoretical level, without quantitative analysis.
Thus, future research should comprehensively investigate the
influence mechanism of government debt on environmental

pollution, supplemented by empirical tests.
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