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Under the dual pressure of central environmental performance appraisal and fiscal
pressure, local Chinese governments, especially those in resource-dependent cities,
struggle with reprioritizing environmental protection over economic growth while
staying under budget. However, the empirical impact of such endeavors on pollution
control remains underexplored. Based on 2003–2018 panel data on resource-dependent
cities in China, this paper adopts a dynamic panel model to explore the effect of local
government fiscal pressure on air pollution. The results show that (1) due to the effect of
path dependency on existing economic development patterns, resource-dependent cities
suffer from a vicious circle where fiscal pressure aggravates air pollution emissions. (2) As
shown by the heterogeneity test, air pollution emissions increase significantly as financial
pressure becomes severe; the situation also worsens in mature-type resource-dependent
cities. (3) The increase in the number of years in the office of top local government leaders
exacerbates the negative effect of fiscal pressure on air pollution; in contrast, the increase
in age of these officials mitigates the negative effect. (4) The results of the mechanism test
show that financial pressure mainly aggravates environmental degradation by hindering
industrial structure upgrading and inhibiting urban green innovation.

Keywords: resource-dependent cities, fiscal pressure, air pollution, industrial upgrading, urban green innovation,
China

1 INTRODUCTION

Since the reform and opening up, an extensive growth model has driven the rapid development of
China’s economy at the expense of environmental quality (Wei et al., 2021a; Wei et al., 2021b; Shen
et al., 2021). In recent years, improvements have been made under a series of environmental
regulations. According to the 2020 National Overview of Ecological and Environmental Quality, 202
out of 337 cities at or above the prefectural level met the national standards for air quality. The rest of
these cities still need to make improvements.

Resource-dependent cities are those with resource exploitation and processing as the leading
industry. As suppliers of energy and essential raw materials, these cities contribute to China’s long-
term economic growth, but the industrial structure based on energy consumption significantly
impacts environmental pollution. In China, resource-based cities account for 43% of the total
number of cities. As one of the major national strategies for energy development, the transformation
of resource-dependent cities is highly related to the country’s ability to acquire and utilize natural
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resources and has an important impact on the sustainable
development of the national economy. Cities with poor
ambient air quality are mainly resource-dependent cities. In
these cities, the distortion of energy consumption and factor
endowment structure has led to a low comprehensive utilization
rate of resources, high energy consumption and pollutant
emissions, and dependence on resource-based industries that
cause severe environmental pollution (Li et al., 2015; Ma et al.,
2018; Marais et al., 2018). The country’s 14th Five-Year Plan
prioritizes the transformation of resource-dependent cities to
mitigate the problem. The plan attaches great importance to
the imbalance and incongruity between economic development
and ecological protection in resource-dependent cities.

Economic growth has reached a plateau in recent years, and fiscal
pressure has increased in parallel with stagnation. At the same time,
accelerating ecological improvement and maintaining high-quality
development has become the national strategy, as stated in a report
of the 19th Communist Party of China (CPC) National Congress.
Therefore, it is essential to understand how local governments
should coordinate and balance economic growth and

environmental protection, especially in resource-dependent cities
where trade-offs are difficult to make. Figures 1, 2 show the PM2.5

and industrial SO2 emission concentrations of resource-dependent
cities in 2003 and 2018. Over time, air pollution emissions have
decreased, but the overall concentration level remains high.

An increase in financial pressure weakens the government’s
ability to coordinate economic regulation and the public service
supply, which is not conducive to the high-quality development
of the national economy (Xu et al., 2020). One of the ways that the
central government incentivizes local governments and officials is
through performance evaluations. Since the tax distribution
reform in 1994, the central government has been in charge of
distributing fiscal revenue, while local governments control
economic development and fiscal expenditure. As a result,
local governments rely heavily on transfer payments from the
central government, and the vertical imbalance of the fiscal
system intensifies local financial pressure. The situation
worsened after major fiscal and tax system reforms, such as
the agricultural tax reform and value-added tax reform (Xu
et al., 2020). Figure 3 shows China’s fiscal revenue and

FIGURE 1 | Emission concentration of PM2.5 in resources-dependent cities in 2003 (A) and 2018 (B).

FIGURE 2 | Emission concentration of SO2 in resources-dependent cities in 2003 (A) and 2018 (B).
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expenditure. The gap between fiscal revenue and expenditure
increases year by year, and fiscal pressure increases year by year.
In recent years, since China’s implementation of the large-scale
“tax and fee reduction” policy, together with the impact of
COVID-19, the government’s fiscal revenue has decreased
while expenditure has increased. As a result, fiscal pressure on
governments has significantly increased.

In the transitional stage of economic development, the sources
of financial pressure on local governments are even more
multifaceted. On the one hand, they face top-down political
performance evaluation pressure from the central government;
on the other hand, pressure also comes from the bottom-up
demand for public infrastructure, environmental health, and peer
pressure from other local governments. In other words, the
natural endowment fund gap caused by the reform of the
financial system and the competitive fund gap caused by the
promotion tournament have led to the severe financial pressure
faced by local governments.

Resource-dependent cities contribute to China’s
industrialization by providing sufficient resources for the
country’s economic growth, but the unsustainable exploitation
of resources causes severe ecological and environmental
problems. Therefore, the transformation and upgrading of
resource-dependent cities are the keys to achieving high-
quality development. Under tremendous fiscal pressure, it is
essential to understand whether resource-dependent cities can
reverse the traditional mentality of development first, save the
environment later, and transform the development mode. This
paper focuses on the impact of fiscal pressure on air quality and
the mechanism of this impact in resource-dependent cities. A
total of 114 resource-dependent cities in China were selected to
test the environmental effects of fiscal pressure and the
mechanism from 2003 to 2018 based on a dynamic panel
model. Specifically, the system generalized method of
moments (SYS-GMM) and difference generalized method of
moments (DIFF-GMM) methods are adopted. The paper has
sought to provide an alternative explanation for the dual dilemma
of economic growth and environmental protection in resource-
based cities and identifies the role of fiscal pressure in the
transformation and upgrading of resource-based cities.

2 THEORETICAL FOUNDATION AND
HYPOTHESES

The principal-agent theory is the basis of fiscal decentralization
theory. The information asymmetry between the central and local
governments is likely to cause a moral hazard in the performance
of local government functions. Under vertical fiscal imbalance,
local governments face the dilemma of alleviating financial
pressure while achieving high-quality development. Kou and
Han (2021) explored the relationship between local fiscal
pressure and local environmental regulatory behavior based on
2003–2017 Chinese provincial panel data. Their study found that
fiscal pressure weakens local environmental regulation. Bai et al.
(2018) took tax competition as a strategy for coping with fiscal
pressure to explore the environmental effects induced by
corporate income tax competition and the value-added tax in
30 provinces in China. Their study found that interregional tax
competition not only reduces local environmental quality but also
produces spillover effects and worsens the environment of
neighboring regions. In contrast, other studies have shown
that fiscal decentralization positively impacts environmental
quality (Wen and Lee, 2020; Su et al., 2021).

Economic development is highly reliant on resource-
dependent industries in resource-dependent areas, and
financial pressure may aggravate the imbalance of the
industrial structure, forming a resource curse and accelerating
pollution emissions. On the one hand, resource-dependent cities
have been adopting a high energy consumption and high
emission production mode for a long time, and the regional
industrial development mode has become path-dependent,
posing a great threat to ecology and the environment
(Karlsson, 2012; Takatsuka et al., 2015; Jiao et al., 2020). On
the other hand, based on officials’ promotion incentive theory,
financial pressure will force local governments to choose the
development mode of emphasizing development and ignoring
environmental protection. This incentivization mechanism will
relax environmental regulation, accelerate resource industry
development, and aggravate environmental pollution. Denise
et al. (2017) showed that local governments produce a race-to-
the-bottom effect and aggravate environmental degradation

FIGURE 3 | China’s fiscal revenue and expenditure, 2003–2018.
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under fiscal pressure. Lin and Zhou (2021) studied the
environmental performance of fiscal decentralization from the
perspective of vertical fiscal imbalance based on 2000–2017
Chinese provincial panel data. The study showed that vertical
fiscal imbalance could weaken environmental performance and
cause more severe environmental deterioration in eastern China.
Local governments tend to support high-tax industries to relieve
financial pressure and increase budgetary revenue. Although such
industries can relieve financial pressure, local governments in
regions with greater financial pressure will relax environmental
regulation more and attract large taxpayers by lowering the
threshold of environmental protection, causing a substantial
negative impact on environmental quality (Cole and
Fredriksson, 2009; Dean et al., 2009; Han and Kung, 2015).
Therefore, this paper proposes the following hypothesis:

H1: In resource-dependent cities, a high resource endowment
leads to serious environmental problems in the region, and
financial pressure accelerates air pollution emissions and
further aggravates environmental deterioration, leading to
the “Matthew effect”.

Furthermore, as the government is the leading actor in
regional environmental governance, the decision-making
behavior of local governments has an essential impact on
regional environmental governance. The individual
characteristics of officials, such as their age, term of office, and
other individual factors, affect their governing philosophy and
decision-making behavior (Mccabe et al., 2008). On the one hand,
the increasing age of local officials is conducive to improving
environmental quality. Based on 2002–2014 panel data on
Chinese cities, Yu et al. (2019b) explored the environmental
effects of the individual characteristics of government officials.
They found that older officials attach more importance to
environmental issues. In contrast, young local officials have a
strong desire for promotion and ample promotion space.
Therefore, they will sacrifice environmental quality to promote
economic growth in the short term and introduce high-pollution
and high-tax enterprises to drive economic growth.

As officials get senior in age, the probability of promotion
decreases. They become more rational in industrial planning and
transformation for sustainable urban development and have
relatively strong motivation to improve basic public services,
such as regional environmental quality (Li and Zhou, 2005).
Admittedly, while promotion incentives become relatively low for
older officials, the potential cost of the punishment increases due
to increased environmental accountability posed by the central
government. Hence, the officials are more motivated to
implement environmental measures and improve
environmental quality to avoid the risk of punishment (Bai
and Kung, 2014). In addition, older local officials may have
more experience in politics and better coordinate the
relationship between regional economic growth and
environmental protection.

On the other hand, the longer the tenure of local officials is, the
worse the environmental effects of fiscal pressure. Fan and Tian
(2013) found that with an increase in the term of office of local

officials, the probability that they will be “captured” by current
enterprises gradually increases; additionally, the government-
enterprise collusion network surrounding officials solidifies
gradually. The longer the term of local officials is, the greater
the likelihood that government-enterprise collusion will occur.
Enterprises rely on the government to provide policy guidance
and financial support for their production and operation. In turn,
the government relies on the enterprises in its jurisdiction to
guarantee employment and economic growth. Therefore, under
government-enterprise collusion, local officials with longer terms
of office have the incentive to lower regional environmental
regulatory standards, thus acquiescing to local enterprises to
maintain an extensive development mode and reducing the
production costs of enterprises (Wu et al., 2014; Jia, 2017).
Such practice leads to an increase in environmental pollution
and a decrease in the environmental quality of the jurisdiction.
Maintaining an appropriate level of turnover of officials can
restrain government-enterprise collusion to a certain extent,
which is conducive to environmental governance. Therefore,
the following hypothesis is proposed:

H2: In resource-dependent cities, with the increase in the
tenure of officials, the air pollution effect of financial
pressure intensifies. As local officials become senior in
age, the environmental effects of fiscal pressure can be
ameliorated.

If financial pressure in resource-dependent cities aggravates
regional air pollution, this phenomenon naturally raises the next
question. What are the mechanisms of the impact of financial
pressure on air quality deterioration? Previous studies show that
technological progress, especially green technology innovation, is an
important means of achieving green development (Aghion et al.,
2016; Acemoglu et al., 2012; Calel and Dechezlepretre, 2016). The
choice of technology is not only coupled with the thought,
perception, knowledge, and skills of the technology creator but is
also subject to the factor endowment characteristics of the
technology origin (Basu and Weil, 1998; Antonelli, 2016; Dong
and Wang, 2021). For example, if regional capital and skills are
relatively abundant and the market size is relatively large, regional
technological progress will be characterized by a capital or skill bias
(Acemoglu, 2002; Jerzmanowski and Tamura, 2019; Chen, 2020).
Therefore, the energy endowment characteristics of resource-
dependent cities are likely to lead to a nonclean bias in regional
technological progress, further hindering the development of
regional low-carbon environmental technologies and forming a
pollution “lockin effect” (Balsalobre-Lorente et al., 2018; Unruh,
2002; Unruh and Hermosilla, 2006). According to resource curse
theory, the economic development of such regions does not benefit
from large-scale resource development and crowds out other types of
production activities, forming a resource advantage trap (Gylfason,
2001; Sachs and Warner, 2001; Papyrakis and Gerlagh, 2007), and
inhibits green technology innovation (Li and Xu, 2018). In addition,
resource-dependent cities in China suffer from other problems, such
as unreasonable resource development and lagging industrial
structure adjustment (Sun and Ding, 2005; Li and Dewan, 2017;
Li et al., 2021), which worsen the situation.
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Regarding the industrial structure, resource-dependent
cities are dominated by the secondary industry, and
resource-dependent industries with higher pollution
emissions have lower resource exploitation and utilization
costs. Regional industrial development is gradually prone to
path dependency, aggravating regional environmental
deterioration (Romanelli and Khessina, 2005). The
transformation and upgrading of the economic
development mode of resource-dependent cities are
imminent (Emrah and Cali, 2018). Therefore, the following
hypothesis is proposed:

H3: In resource-dependent cities, financial pressure intensifies
environmental degradation mainly by crowding out green
technology innovation and hindering the upgrading of
industrial structures.

In summary, the mechanism of the impact of financial
pressure on air pollution in resource-dependent cities is shown
in Figure 4. The rest of this paper is structured as follows. Section
3 describes the econometric models and data sources, Section 4
shows the empirical results, and Section 5 includes the
conclusion and policy implications.

3 ECONOMETRIC MODELS AND DATA
SOURCES

The potential path-dependent characteristic of pollution
emissions is taken into account to test the environmental
effects of fiscal pressure. This characteristic refers to the
situation that the environmental situation in the previous year
may have an impact on the environmental situation in the next
year (Shao et al., 2011). The omission of dynamic characteristics
may lead to model bias (Wooldridge, 2001). Therefore, this paper
examines the effect of fiscal pressure on pollution emissions in
resource-dependent cities through a dynamic panel model, which
can reflect the path-dependent characteristic of pollution
emissions.

pollutionit � δ0 + α1pollutionit−1 + β0pressureit + γxXit + μi + λt + εit (1)

where pollutionit represents the pollution emissions of resource-
based cities. pollutionit−1 represents the lagged first-order term of
pollution emissions in resource-dependent cities, reflecting the
path-dependent effect of pollution emissions. pressureit
represents fiscal pressure. If the coefficient β0 is positive, fiscal
pressure exacerbates air pollution in resource-based cities and
vice versa. Xit represents control variables. δ0 is the intercept. γx
is the estimated coefficient of each control variable, λt is the time
fixed effect, μi is the individual fixed effect, and εit is the
error term.

Dependent variables: pollutionit represents the pollution
emissions of resource-based cities, characterized by PM2.5
concentration (PM2.5) and PM2.5 concentration per unit
output (dPM2.5) in this paper. The PM2.5 concentration data
are annual averages obtained by optical satellite space remote
sensing in the Air Quality Life Index Report (AQLIR) issued by
the Energy Policy Institute of the University of Chicago. This data
source effectively addresses the lack of monitoring data in specific
years and cities (Wang et al., 2022).

Key independent variable: Fiscal stress is caused by fiscal
deficits resulting from persistent imbalances between fiscal
revenues and fiscal expenditures. Specifically, under the fiscal
decentralization system, the persistent imbalance between local
government revenues and expenditures or the fiscal gap induced
by the imbalance between fiscal revenues and expenditures results
in a consolidated fiscal balance (Cai et al., 2022). In this paper, we
refer to Bai et al. (2018) and use the gap between fiscal
expenditure and fiscal revenue as a proportion of fiscal
revenue to characterize fiscal pressure, with large values
characterizing high fiscal pressure.

Control variables: Research and development (R&D)
investment (Rd): Technological progress is an important factor
that affects environmental conditions and depends on regional
R&D investment. Thus, this paper uses the share of science
expenditure in GDP to characterize R&D investment (Dong
and Wang, 2021). Foreign direct investment (Fdi): The impact
of foreign direct investment on the environment may lead to the
pollution haven effect or the pollution halo effect. This paper uses
the product of the actual use of foreign investment and the annual
average exchange rate as a proportion of GDP for
characterization (Zhang and Zhou, 2016). Governance (Gov):
The government is the dominant force in environmental
governance. We use the share of government fiscal
expenditure in GDP to characterize government dominance
(Li and Xu, 2018). The population growth rate (Peo):
According to the impact–population–affluence–technology
(IPAT) model, population growth is an important factor that
affects environmental conditions, for which it is necessary to
control the population growth rate (Zhou and Liu, 2016). Based
on the segmentation of resource-dependent cities in the
Sustainable Development Planning of National Resource-
dependent Cities (2003–2020), the study collated data on
114 prefecture-level resource-dependent cities. Data were
collected from the Statistical Yearbook of Chinese Urban Cities
and Statistical Yearbook of China’s Regional Economy. The
descriptive statistics of the variables are presented in Table 1.

FIGURE 4 | Pathways of financial pressure effect.
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4 RESULTS

4.1 Baseline Model
Table 2 shows the regression results of the impact of financial
pressure on pollution emissions in resource-dependent cities.
Model (1) and model (2) take the PM2.5 concentration as the
regression result of the explained variable, and model (3) and
model (4) take the PM2.5 concentration per unit of output as
the regression result of the explained variable. In addition, the
SYS-GMM and DIFF-GMM regression methods are used to
estimate the dynamic panel model, which can effectively
alleviate problems of endogeneity and reduce bias in the
empirical results.

The results show that regardless of whether the PM2.5

concentration or the PM2.5 concentration per unit of output
is the explained variable, the coefficient of financial pressure
on resource-dependent cities remains positive and significant
at the 1% level under different regression models. This
indicates that financial pressure on resource-dependent
cities will accelerate pollution emissions and lead to
environmental deterioration. The result shows that

governments will take extensive measures to stimulate
production at the cost of sacrificing the environment when
dealing with fiscal pressure in resource-dependent cities. H1 is
proven to be valid. Regarding the control variables, the
coefficient of the first-order lag term of pollution emissions
remains positive and significant at the 1% level, indicating that
pollution emissions have strong path-dependent
characteristics. The impact of R&D investment (Rd) on
pollution emissions remains negative and significant at the
1% level, indicating that increasing R&D investment can
restrain pollution emissions and improve environmental
quality by promoting technological progress. The influence
of government leadership (Gov) on pollution emissions is
negative and significant at the 1% level, indicating that the
government, as the main body of environmental governance,
plays a vital role in improving environmental quality. The
influence of foreign direct investment (Fdi) on pollution
emissions is positive and significant at the 1% level,
indicating that foreign direct investment aggravates
environmental pollution and that the pollution haven effect
is established in China’s resource-dependent cities. The impact
of population growth (Peo) on pollution emissions is
significantly negative, indicating that the current slowdown
in population growth in China is conducive to reducing
pollution emissions and improving environmental quality to
a certain extent.

Robustness tests are conducted by replacing the explanatory
variables; that is, PM2.5 emissions are replaced by SO2

emissions. The regression results are shown in Table 3. In
models (1) and (2), the regression results are based on using
the SO2 concentration as the explanatory variable, while in
models (3) and (4), the SO2 concentration per unit of output is
used. The dynamic panel models are estimated using the SYS-
GMM and DIFF-GMM regression methods. The results show
that regardless of whether the explanatory variable is the SO2

concentration or the SO2 concentration per unit of output and
regardless of the regression method that is used, the regression
coefficient of fiscal pressure (Pressure) remains positive and
significant at the 1% level, which further confirms that fiscal
pressure has a positive effect on air pollution emissions and
induces pollution effects that are detrimental to environmental
quality improvement.

TABLE 1 | Descriptive statistics of variables.

Variable N Mean Sd Min p50 Max

lnPM2.5 1824 3.556 0.570 1.141 3.606 4.691
lndPM2.5 1824 −12.100 0.937 −15.057 −12.097 −9.647
Pressure 1824 2.002 1.745 0.0240 1.486 17.40
Rd 1824 0.001 0.001 0.000 0.001 0.011
Gov 1824 0.181 0.103 0.031 0.153 1.027
Fdi 1824 0.0140 0.016 0.000 0.009 0.115
Peo 1824 0.0050 0.033 -0.433 0.005 0.840

TABLE 2 | Baseline test of the impact of financial pressure on pollution emission of
resource-dependent cities.

Variable (1) (2) (3) (4)

SYS-GMM DIFF-GMM SYS-GMM DIFF-GMM

LnPM2.5 LnPM2.5 LndPM2.5 LndPM2.5

L.lnPM2.5 0.8513*** 0.6151***
(0.0016) (0.0016)

L.lndPM2.5 0.8469*** 0.8336***
(0.0014) (0.0017)

Pressure 0.0091*** 0.0082*** 0.0480*** 0.0540***
(0.0005) (0.0005) (0.0006) (0.0009)

Rd −13.7369*** −20.0847*** −54.7797*** −56.2772***
(0.6421) (0.4526) (1.1569) (1.1705)

Gov −0.2152*** −0.1397*** −0.5631*** −0.7023***
(0.0076) (0.0066) (0.0148) (0.0217)

Fdi 1.8281*** 1.4307*** 2.8771*** 1.1298***
(0.0949) (0.1112) (0.1837) (0.3358)

Peo −0.1766*** −0.0382*** −0.1257*** −0.1118***
(0.0179) (0.0108) (0.0221) (0.0163)

_cons 0.5346*** 1.3802*** −1.9292*** −2.0482***
(0.0052) (0.0069) (0.0158) (0.0205)

Note: ***, ** and * represent the significance level of 1, 5 and 10% respectively. The
numbers in brackets are the corresponding standard errors. The Sargan test and AR (2)
test have been carried out in this paper, both accepting the null hypothesis, the same
as below.

TABLE 3 | Robustness test of the impact of financial pressure on pollution
emission of resource-dependent cities.

(1) (2) (3) (4)

Variable SYS-GMM DIFF-GMM SYS-GMM DIFF-GMM
LnSO2 LnSO2 LndSO2 LndSO2

L. LnSO2 1.1312*** 1.1339***
(0.0036) (0.0026)

L. LndSO2 1.1207*** 1.1331***
(0.0022) (0.0025)

Pressure 0.1011*** 0.0638*** 0.0380*** 0.0147***
(0.0015) (0.0011) (0.0016) (0.0010)

Control var YES YES YES YES
_cons −0.3065*** −0.2591*** 1.3147*** 1.4179***

(0.0126) (0.0100) (0.0255) (0.0306)
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4.2 Heterogeneity Analysis
The entire sample is divided into two parts for grouped
regressions: cities with financial pressure at the first 50%
median and those with financial pressure at the last 50%
median. The regression results are presented in Table 4. In
models (1)–(4), the regression results are based on using the
PM2.5 concentration per unit of output as the explanatory
variable, and in models (5)–(8), the regression results are
based on using the SO2 concentration per unit of output for
the robustness test. Models (1), (3), (5), and (7) show the
regression results for cities with fiscal pressure in the first 50%
median; models (2), (4), (6), and (8) show the regression results
for cities with fiscal pressure in the last 50% median. Models (1),
(2), (5), and (6) are regressed using the SYS-GMM method;
models (3), (4), (7), and (8) are regressed using the DIFF-GMM
method. The empirical results show that the regression
coefficients of fiscal pressure in the high median group are
larger than those in the low median group regardless of
whether the PM2.5 concentration per unit of output or the SO2

concentration per unit of output is chosen as the explanatory
variable. The results indicate that environmental pollution is
more severe in resource-based cities with higher fiscal
pressure. In such cities, the government actively develops the
advantages of resource industries. It accelerates the development
of resource industries to relieve fiscal pressure, squeezing out
environmental protection expenditures and relaxing
environmental controls. This means that in resource-based
cities with higher fiscal pressure, local government behavior
may be distorted, and some behaviors incentivize production
through various sacrifices to the environment.

Additionally, based on the classification method for resource-
based cities in the Sustainable Development Planning of National
Resource-based Cities (2003–2020), we divide these cities into
four categories: the growth type, mature type, decline type, and
regenerative type. Based on this division, the impact of fiscal
pressure on pollution emissions in different types of resource-
based cities is further examined in a disaggregated manner. The
regression results are presented in Table 5. Models (1)–(4) show
the regression results when the PM2.5 concentration per unit of

output is the explanatory variable; models (5)–(8) show the
regression results when the SO2 concentration per unit of
output is the explanatory variable. Models (1) and (5) show
the regression results for growth-type resource-based cities;
models (2) and (6) show the regression results for mature-type
cities; models (3) and (7) show the regression results for decline-
type resource-based cities; and models (4) and (8) show the
regression results for regenerative-type resource-based cities.
The results show that the coefficient of fiscal pressure remains
positive and significant at the 1% level only for mature-type
resource-based cities regardless of whether the PM2.5

concentration per unit of output or the SO2 concentration per
unit of output is the explanatory variable. The results suggest that
fiscal pressure is more likely to induce environmental degradation
in mature-type resource-based cities than in other types of
resource-based cities.

The possible reason for this result is that there are differences
in the government’s development patterns and development
priorities for the four types of resource-based cities. Growing
cities mainly promote their regulated and orderly development,
raise the access threshold for resource development, and
reasonably determine the development intensity. Mature cities
should promote their leapfrog development, lengthen the
industrial chain, and cultivate resource deep-processing
enterprises. Declining cities vigorously develop the succession
of alternative industries and solve the most prominent historical
legacy problems to accelerate their transformation and
development. Regenerative cities guide their innovative
development, improve the quality and efficiency of
development, and establish a long-term mechanism for
sustainable development.

For this reason, the fiscal pressure of mature resource cities is
more likely to induce environmental degradation than that of other
types of resource-based cities. Mature resource cities have a large
scale of resource industries, and resource development has reached a
stable stage. However, the government’s leapfrog development
model for mature cities and higher dependence on resource
industries make the regional development more likely to expose
disadvantages such as a single resource industry structure as financial

TABLE 4 | Influence of different financial pressure intensities on air pollution emissions in resource-dependent cities.

First
1/2

Last
1/2

First
1/2

Last
1/2

First
1/2

Last
1/2

First
1/2

Last
1/2

(1) (2) (3) (4) (5) (6) (7) (8)

SYS-GMM SYS-GMM DIFF-GMM DIFF-GMM SYS-GMM SYS-GMM DIFF-GMM DIFF-GMM

LndPM2.5 LndPM2.5 LndPM2.5 LndPM2.5 LndSO2 LndSO2 LndSO2 LndSO2

L.lndPM2.5 0.8792*** 0.8174*** 0.7994*** 0.7166***
(0.0033) (0.0026) (0.0059) (0.0042)

L.LndSO2 1.0705*** 1.0846*** 1.0547*** 1.0750***
(0.0036) (0.0022) (0.0065) (0.0050)

Pressure 0.0600*** 0.0759*** 0.0540*** 0.0982*** -0.2014*** 0.0551*** -0.1517*** 0.0363***
(0.0101) (0.0010) (0.0083) (0.0010) (0.0136) (0.0010) (0.0132) (0.0016)

Control var. YES YES YES YES YES YES YES YES
_cons -1.6576*** -2.2890*** -2.4732*** -3.4204*** 0.8073*** 0.9045*** 0.5891*** 0.7601***

(0.0383) (0.0272) (0.0718) (0.0483) (0.0405) (0.0342) (0.0692) (0.0622)

Notes: The test for differences between groups was passed.
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pressure increases. The high resource endowment leads to the
environmental pollution “lockin” effect, and the environmental
deterioration becomes evident.

4.3 Individual Characteristics of Officials
To verify H2 and test the influence of the age and tenure of
officials on the environmental effect of fiscal pressure, this paper
constructs an interaction term between fiscal pressure and the
individual characteristics of officials to explore their effect on the
environmental effect of fiscal pressure. With reference to the
method of Yu et al. (2019a), the following model is proposed:

pollutionit � α0 + α1pollutionit−1 + β0pressureit

+ β1pressureitpage +∑ γiXit + μi + λt + εit (2)
pollutionit � α0 + α1pollutionit−1 + β0pressureit

+ β2pressureitptenure +∑ γiXit + μi + λt + εit

(3)
Equation 2 tests the moderating effect of officials’ age on fiscal

pressure, while Eq. 3 tests the moderating effect of officials’ tenure
on fiscal pressure. We expect the result that β_1 < 0, β_2 > 0.
Regarding the method used by Yao and Zhang (2013), the age of
an official is measured by subtracting the birth year of the official
from the age of the official during his or her term of office, while
the term of an official is represented by the time from when the

official takes office to when he or she leaves office. In this paper,
officials are local party secretaries and mayors, and the data come
from the official websites of governments at all levels (Yu et al.,
2019b).

Table 6 shows the regression results of the effect of officials’
age on the environmental effect of financial pressure. Models
(1)–(4) show the regression results of the interaction term
between the age of municipal party secretaries and financial
pressure; models (5)–(8) show the regression results of the
interaction term between mayors’ age and financial pressure.
Models (1) and (5) show the regression results when the PM2.5

concentration per unit of output is the explained variable; models
(3) and (7) show the regression results when the SO2

concentration per unit of output is the explained variable;
models (2) and (6) show the regression results when the PM2.5

concentration is the explained variable; and models (4) and (8)
show the regression results when the SO2 concentration is the
explained variable. The regression results show that the
coefficient of the interaction term between the age of either
party secretaries or mayors and financial pressure is negative
and significant at the 1% level. The results show that the increase
in the age of local officials is conducive to weakening the positive
impact of financial pressure on pollution emissions and
promoting an improvement in regional environmental quality.

Table 7 shows the regression results of the impact of officials’
tenure on the environmental effect under fiscal pressure. Models

TABLE 5 | Impact of financial pressure on air pollution emissions in different resource-dependent cities.

(1) (2) (3) (4) (5) (6) (7) (8)

Variable SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM

LndPM2.5 LndPM2.5 LndPM2.5 LndPM2.5 LndSO2 LndSO2 LndSO2 LndSO2

L. LndPM2.5 0.8804*** 0.8788*** 0.7529*** 0.8864***
(0.1956) (0.0030) (0.0184) (0.0506)

L. LndSO2 1.0010*** 1.1168*** 1.0113*** 1.0726***
(0.0813) (0.0055) (0.0355) (0.0540)

Pressure −0.0361 0.0430*** 0.0245 0.0419 0.1057 0.0221*** −0.0084 0.0461
(0.1323) (0.0028) (0.0155) (0.0374) (0.0787) (0.0048) (0.0383) (0.1123)

Control var YES YES YES YES YES YES YES YES
_cons −2.0737 −1.5404*** −2.8836*** −1.4793** 0.1268 1.2860*** 0.3286 0.6189

(1.4491) (0.0319) (0.1803) (0.5704) (1.1364) (0.0599) (0.2960) (0.5366)

TABLE 6 | The role of age of officials in the environmental effects of financial pressure.

Municipal party secretary Mayor

Variable (1) (2) (3) (4) (5) (6) (7) (8)

LndPM2.5 LnPM2.5 LndSO2 LnSO2 LndPM2.5 LnPM2.5 LndSO2 LnSO2

Lagged var 0.8333*** 0.8296*** 1.1071*** 1.0516*** 0.8145*** 0.8401*** 1.0991*** 1.0527***
(0.0019) (0.0017) (0.0032) (0.0045) (0.0012) (0.0022) (0.0018) (0.0046)

Pressure*age1 −0.0014*** −0.0024*** −0.0013*** −0.0027***
(0.0001) (0.0001) (0.0002) (0.0002)

Pressure*age2 −0.0057*** −0.0022*** −0.0056*** −0.0075***
(0.0001) (0.0001) (0.0001) (0.0001)

Control var YES YES YES YES YES YES YES YES
_cons −2.0945*** 0.6008*** 1.1459*** −0.1078*** −2.3212*** 0.5607*** 1.0428*** −0.1188***

(0.0218) (0.0047) (0.0356) (0.0172) (0.0122) (0.0073) (0.0219) (0.0166)
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(1)–(4) show the regression results of the interaction term
between municipal secretaries’ tenure and fiscal pressure;
models (5)–(8) show the regression results of the interaction
term between mayors’ tenure and fiscal pressure. Models (1) and
(5) show the regression results when the PM2.5 concentration per
unit of output is the explanatory variable. In contrast, models (3)
and (7) show the regression results when the SO2 concentration
per unit of output is the explanatory variable. Models (2) and (6)
show the regression results when the PM2.5 concentration is the
explanatory variable, and models (4) and (8) show the regression
results when the SO2 concentration is the explanatory variable.
The regression results show that the coefficients of the interaction
term between the tenure of either municipal party secretaries or
mayors and fiscal pressure remain positive and significant at the
1% level. The results indicate that as local officials’ tenure in office
increases, it exacerbates the positive effect of fiscal pressure on
pollution emissions, which is not conducive to improving
environmental quality. Therefore, H2 is valid.

4.4 Test of the Transmission Mechanism
The results above show that fiscal pressure in resource-based
cities exacerbates pollution emissions and is not conducive to
improving environmental quality. The question naturally arises
regarding the mechanism through which fiscal pressure in
resource-based cities affects pollution emissions. Empirical
studies show that the regional industrial structure is an
important factor that affects regional environmental
conditions. If the dominant industry in a region is
environmentally friendly, then the environmental conditions
are good; otherwise, they deteriorate. As regional fiscal
pressure increases, local governments tend to loosen
environmental controls in exchange for economic growth.
They also accelerate the development of pillar industries,
which in resource-based cities are often not environmentally
friendly, hindering industrial structure optimization and
accelerating environmental pollution (Ebenstein, 2012). In
addition, green technology innovation has become an
important tool for improving environmental quality, and the
academic community has reached a consensus on this point
(Acemoglu et al., 2012; Shen et al., 2021). Therefore, an
increase in government fiscal pressure may have a crowding-
out effect on green technology innovation. Therefore, to test H3,

this paper employs the method used by Gelbach (2016) to test the
transmission role of the industrial structure and green technology
innovation in the pollution effect of fiscal pressure. The following
regression equation is established:

Medit � δ0 + α1medit−1 + β0pressureit + βiXit + ϑt + μi + εit (4)
pollutionit � δ0 + γ1pollutionit−1 + θiMedit + γ0pressureit

+ βiXit + ϑt + μi + εit (5)
where i represents the region, t represents time, Medit is the
mechanism variable, Equation 4 is the mediation model
represented by the industrial structure and green technology
innovation, and β0 is the partial effect parameter of regional
financial pressure on the mechanism variable. Equation 5 is a
comprehensive model, θi is the partial effect parameter of the
influence of mechanism variables on pollution emissions, and γ0
is the effect of financial pressure on pollution emissions after
introducing the mechanism variables. The industrial structure
(Jg) is represented by the proportion of the added value of the
secondary industry in GDP. With reference to Shen et al. (2021),
green technology innovation (Ginvo) is represented by the
proportion of green invention patents in the total number of
patents granted in the region annually.

Table 8 shows the regression results of the industrial structure
transmission mechanism of the impact of financial pressure on
pollution emissions. DIFF-GMM regression is used for models
(1), (3), and (5), and SYS-GMM regression is used for models (2),
(4), and (6). Models (1) and (2) show the regression results of the
mediation model, and models (3)–(6) show the regression results
of the comprehensive model. Models (3)–(4) show the regression
results when the PM2.5 concentration is the explained variable,
and models (5)–(6) show the regression results when the PM2.5

concentration per unit of output is the explained variable. The
results of models (1) and (2) show that financial pressure has a
positive effect on upgrading an industrial structure dominated by
the secondary industry; that is, financial pressure will hinder
industrial structure upgrading. The results of models (3)–(6)
show that regardless of whether the PM2.5 concentration or
the PM2.5 concentration per unit of output is the explained
variable, an industrial structure dominated by the secondary
industry aggravates environmental pollution, indicating that
the financial pressure of resource-dependent cities will hinder

TABLE 7 | The role of official tenure in the environmental effects of fiscal pressure.

Municipal party secretary Mayor

Variable (1) (2) (3) (4) (5) (6) (7) (8)

LndPM2.5 LnPM2.5 LndSO2 LnSO2 LndPM2.5 LnPM2.5 LndSO2 LnSO2

Lagged var 0.7944*** 0.8201*** 1.0782*** 1.0561*** 0.7929*** 0.8345*** 1.0384*** 1.0112***
(0.0026) (0.0023) (0.0017) (0.0048) (0.0021) (0.0023) (0.0017) (0.0016)

Pressure*tenure1 0.0041*** 0.0087*** 0.0026*** 0.0057***
(0.0002) (0.0002) (0.0002) (0.0003)

Pressure*tenure2 0.0026*** 0.0038*** 0.0169*** 0.0211***
(0.0001) (0.0001) (0.0002) (0.0002)

Control var YES YES YES YES YES YES YES YES
_cons −2.5235*** 0.6413*** 0.8117*** −0.0858*** −2.5626*** 0.5651*** 0.3768*** 0.0747***

(0.0279) (0.0074) (0.0192) (0.0167) (0.0254) (0.0078) (0.0220) (0.0080)
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industrial structure upgrading. A high degree of dependence on
resource endowment leads to a lack of freedom in economic
development. Therefore, rapid economic development can be
achieved by accelerating the development of the secondary
industry, forming a “resource gospel” for economic growth,
and helping to relieve financial pressure to a certain extent.
However, accelerating secondary industry development can
also aggravate environmental pollution.

Table 9 shows the regression results of the green technology
innovation transmission mechanism of the effect of fiscal pressure
on pollution emissions. Models (1), (3), and (5) are regressed
through the DIFF-GMM method, and models (2), (4), and (6)
are regressed through the SYS-GMM method. Models (1) and (2)
show the regression results of the mediated model. Models (3)–(6)
show the regression results of the integrated model, where models
(3)–(4) show the regression results when the PM2.5 concentration is
the explanatory variable, and models (5)–(6) show the regression
results when the PM2.5 concentration per unit of output is the
explanatory variable. The results of models (1) and (2) show that

fiscal pressure has a negative effect on green technology innovation,
meaning that fiscal pressure crowds out green technology innovation
in the region. Furthermore, the results of models (3)–(6) show that
the effect of green technology innovation on pollution emissions is
negative regardless of whether the PM2.5 concentration or PM2.5

concentration per unit of output is the explanatory variable. These
results indicate that fiscal pressure in resource-based cities will force
local governments to squeeze out investment in green technology
innovation, weaken the green technology innovation capacity of the
region, enhance economic development at the expense of the
environment, and gain an economic growth advantage. For this
reason, H3 is proven to be valid.

5 CONCLUSIONS AND POLICY
IMPLICATIONS

This paper explores the environmental effects of governmental
fiscal pressure and use a dynamic panel model based on 2003-

TABLE 8 | Transmission mechanism of financial pressure pollution effect in resource-dependent cities -industrial structure effect.

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

Variable DIFF-GMM SYS-GMM DIFF-GMM SYS-GMM DIFF-GMM SYS-GMM

Jg Jg LnPM2.5 LnPM2.5 LndPM2.5 LndPM2.5

L.Jg 0.9722*** 0.9984***
(0.0030) (0.0039)

L. LnPM2.5 0.5482*** 0.7673***
(0.0029) (0.0036)

L. LndPM2.5 0.8193*** 0.8081***
(0.0032) (0.0029)

Jg 0.0100*** 0.0088*** 0.0022*** 0.0050***
(0.0001) (0.0001) (0.0002) (0.0002)

Pressure 0.3472*** 0.6234*** 0.0249*** 0.0112*** 0.0391*** 0.0273***
(0.0384) (0.0256) (0.0012) (0.0009) (0.0012) (0.0014)

Control var YES YES YES YES YES YES
_cons 3.2766*** 1.2624*** 1.0847*** 0.3501*** −2.2978*** −2.6069***

(0.1662) (0.2091) (0.0133) (0.0122) (0.0393) (0.0380)

TABLE 9 | Transmission mechanism of fiscal pressure pollution effect in resource-dependent cities - green technology innovation effect.

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

Variable DIFF-GMM SYS-GMM DIFF-GMM SYS-GMM DIFF-GMM SYS-GMM

Ginvo Ginvo LnPM2.5 LnPM2.5 LndPM2.5 LndPM2

L Ginvo 0.0404*** 0.0465***
(0.0028) (0.0037)

L. LnPM2.5 0.6349*** 0.8522***
(0.0024) (0.0031)

L.LndPM2.5 0.8439*** 0.8435***
(0.0039) (0.0051)

Ginvo −0.3261*** −0.1350*** −0.4811*** −0.1616***
(0.0114) (0.0218) (0.0259) (0.0253)

Pressure −0.0292*** −0.0234*** 0.0205*** 0.0006 0.0251*** 0.0031
(0.0005) (0.0004) (0.0017) (0.0015) (0.0021) (0.0038)

Control var YES YES YES YES YES YES
_cons 0.0985*** 0.1011*** 1.4151*** 0.6036*** −1.8496*** −1.9065***

(0.0019) (0.0021) (0.0089) (0.0134) (0.0444) (0.0579)
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2018 panel data on resource-based cities in China. The findings
show that (1) fiscal pressure has a significant air pollution effect in
resource-based cities, and environmental deterioration becomes
more pronounced as the intensity of fiscal pressure increases.
Comparing different types of resource-based cities, we find that
the air pollution effect of fiscal pressure is most significant in
mature-type resource-based cities. (2) As the tenure of officials
increases, the air pollution effect of fiscal pressure intensifies; in
contrast, as the age of local officials increases, it facilitates an
improvement in the air pollution effect of fiscal pressure. (3)
Fiscal pressure exacerbates environmental degradation mainly by
impeding industrial structure upgrading and crowding out urban
green innovation. Based on the conclusions above, we propose the
following suggestions for the economic transformation and
upgrading of resource-based cities. Following suggestions for
the economic transformation and upgrading of resource-based
cities are proposed.

First, multichannel transfer payment mechanisms should be
established to improve the efficiency of local government fiscal
expenditures and to relieve fiscal pressure in resource-based
regions. Finances are a key factor in the government’s
environmental governance, and fiscal pressure aggravates
environmental pollution. Thus, fiscal pressure can be eased by
accelerating the optimization and transformation of the fiscal
expenditure structure and establishing horizontal transfer
payments between regions. Additionally, by improving the
fiscal expenditure evaluation system, we can achieve the goals
of economical, efficient, and effective fiscal expenditure,
coordinating the development of regions, and promoting the
construction of ecological civilization to realize the high-quality
development of resource-based regions.

Second, green development should be incorporated into the
promotion assessment mechanism for government officials, and
the role of the individual characteristics of officials in the
environmental governance of resource-based regions should be
fully considered. For example, the empirical results show that
older local officials have a catalytic effect on improving regional
environmental quality. For this reason, the appointment of local
officials should not blindly emphasize youthfulness; instead,
officials should be scientifically judged based on their
contribution to high-quality urban development. Additionally,
longer tenures of officials do not effectively improve regional
environmental quality. Therefore, a reasonable assessment and
tenure system should be established to promote environmental
quality improvement through appropriate changes in officials
while ensuring policy stability and the continuity of officials’
appointments.

Third, it is essential to stimulate regional green technology
innovation through policies to ensure that we can give full play to

the leading role of green technology innovation in the
transformation and upgrading of resource-based cities. The
transformation and upgrading of resource-based cities is a
gradual process. Full consideration can be given to promoting
the derivation, extension, and replacement of the industrial chain
of resource-based cities through green technology innovation to
realize the green development of the industrial chain. The
government should also actively promote the transformation
of resource industries. We can optimize the industrial
structure and crack the pollution lockin effect formed by
dependence on resource industries through technological
progress, promoting the leapfrog development of mature-type
resource-based cities. Improving the diversified industrial system
and comprehensively promoting the transformation and
upgrading of resource-based cities are also necessary.

This paper focuses on the macro-level analysis of the cities.
However, with the development of more energy-intensive, high-
emission industries and the disclosure of more corporate
environmental information, future research will be able to
look into micro-level enterprise data. This will help to identify
the impact of financial pressure on pollution with new evidence of
the environmental effects of large-scale firms. In addition, with
the advent of a new round of the scientific and technological
revolution, follow-up research will further focus on the crucial
role of artificial intelligence and big data technology in the
transformation of resource-dependent cities.
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