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Abstract

In the institutional context of China’s political centralization and fiscal decentralization, this study explores the
environmental regulations that make the central and local governments join efforts in air pollution control. Policy
simulations in an evolutionary game show that the best approach is to internalize environmental costs and benefits
in local governments’ objective function. The effectiveness of several policy instruments is examined individually
and jointly, including administrative inspection, transfer payment, and environmental taxes. It is shown that in
case environmental consequences are not internalized, appropriate application of policy instruments can incentiv-
ize goal-oriented local governments to choose the socially optimal strategy.
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Streszczenie

W konteks$cie instytucjonalnym chinskiej centralizacji politycznej i decentralizacji fiskalnej, niniejsze badanie
analizuje regulacje Srodowiskowe, ktore zmuszajg rzady centralne i lokalne do wspdlnych wysitkow na rzecz kon-
troli zanieczyszczenia powietrza. Symulacje polityki w grze ewolucyjnej pokazuja, ze najlepszym podej$ciem jest
internalizacja kosztow i korzysci srodowiskowych w funkcji celu samorzadu. Skutecznos¢ kilku instrumentow
polityki jest badana indywidualnie i wspdlnie, w tym kontroli administracyjnej, ptatno$ci transferowych i podat-
koéw ekologicznych. Wykazano, ze w przypadku braku internalizacji konsekwencji srodowiskowych, odpowiednie
zastosowanie instrumentdéw polityki moze zmotywowaé zorientowane na cel samorzady lokalne do wyboru spo-
lecznie optymalnej strategii.

Stowa kluczowe: zanieczyszczenie powietrza, degradacja srodowiska, gra ewolucyjna, Symulacja numeryczna

Tianjin-Hebei (BTH) region has occupied media and
public discussions in recent years (Ravetti et al.,
2019). Several cities in BTH and surrounding areas
are among the top ten cities with the worst air quality
in the nation, which deviates from the good health
and well-being of SDGs. Ironically, governments at
all levels in China can orchestrate temporary politi-

1. Introduction

Despite China’s endeavors to promote the Sustaina-
ble Development Goals (SDGs) since 2015, its envi-
ronmental pollution has increasingly drawn public
and governmental concerns in the world (Xue et al.,
2018). Particularly, the air pollution in the Beijing-
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cal blue sky during major international events such
as the Beijing Olympic games, which is often fol-
lowed by a dramatic deterioration in air quality
worse than before (Shen and Ahlers, 2019).

Ample attention has been paid to the technical solu-
tions to preventing and controlling air pollution such
as flue gas desulfurization and denitration (Yao et
al., 2019) and clean coal and low carbon energy tech-
nologies (Feldman and Hart, 2018). However,
fighting air pollution is far from a technical chal-
lenge alone because it requires governments’ collab-
orative will to put technologies to work. Simply put,
China's air pollution control hinges on coordination
of governments’ environmental regulations and im-
plementations.

Effectively fighting air pollution in China requests
sound appreciation of its institutional context. Fiscal
decentralization and political centralization in
China, or Chinese-style decentralization, have pro-
moted astronomical economic growth, but too often
local governments prioritize economic development
at the expense of environmental pollution (Diao et
al., 2009). On the one hand, the Chinese government
system is politically centralized with strong top-
down mandates, and officials are incentivized by po-
litical promotion granted by the central government
(Mok and Wu, 2013). On the other hand, local gov-
ernments are given discretionary authority and resid-
ual tax rights as a result of fiscal decentralization.
Therefore, political centralization determines that
China's environmental governance is not environ-
mental federalism but authoritarian environmental-
ism (Zhao and Percival, 2017). In recent years the
central government in China has resolved to lead the
way to an ecological civilization, but fiscal decen-
tralization and political promotion present mixed in-
centives to local government officials (Chen et al.,
2016).

Chinese-style decentralization institution makes the
evolutionary game theory (EGT) a suited tool for
studying the strategic interactions between the cen-
tral and local governments in fighting air pollution.
Initially proposed by Maynard-Smith and Price
(1973), EGT provides a promising framework to in-
quire into changes in beliefs and norms over time
and predict the results of competing strategies in a
dynamic social setting (Newton, 2018). This study
contributes to environmental economics literature by
exploring the effects of governmental policies within
an EGT framework. This is among the first attempts
on conducting environmental policy simulations in
EGT. Most applications of EGT in environmental
studies have focused on theoretical conditions that
would yield the evolutionarily stable strategy (ESS)
(Zhao et al., 2018; Jiang et al., 2019; Zhang et al.,
2019). Numerical simulations that complement the
ESS conditions are almost always parameter sensi-
tivity analysis, mostly regarding the commitment
level of parties in the game (Gao et al., 2019; Jiang
etal., 2019). Since commitment levels are the out-

come of their employed games, these simulations
serve to demonstrate the robustness of theoretical re-
sults. Sometimes, sensitivity analysis is conducted
with respect to a policy-related parameter, such as
governmental subsidy in Zhao et al. (2018), ecolog-
ical compensation fee in Gao et al. (2019), and pun-
ishment in Peng et al. (2019). But such an analysis is
always of limited scope. In contrast, this study con-
ducts policy simulations involving multiple policy
instruments allowed to vary in a broad space, both
individually and, more importantly, jointly. We sys-
tematically study the effectiveness of three popular
policy instruments at the disposal of the central gov-
ernment — environmental supervision, transfer pay-
ment, and environmental taxes — in order to uncover
their combinations that would lead to the ideal coop-
erative outcome. This paper thus represents an inno-
vative application of EGT that expands the research
toolbox for policy studies on environmental dimen-
sions and beyond.

In order to substantially reduce air pollution re-
flected in SDGs, we simulate the dynamic interac-
tions between the central and local governments in a
wide range of scenarios. The EGT simulations reveal
that the best mechanism for fighting air pollution is
one in which local governments explicitly consider
environmental benefits and losses when formulating
their environmental policy. Local governments
would have strong incentives to ramp up implemen-
tation when environmental performance really af-
fects their interest. Such an endogenous institutional
design does not require deliberate intervention by the
central government and would intrinsically gain co-
operation from local governments. When local gov-
ernments do not endogenize the environmental con-
sequences in decision-making, however, the central
government can design and execute policies with ap-
propriate combinations of policy instruments that
would guide local governments towards the ideal
collective efforts in air pollution control. Typically,
a modest level of environmental inspection is man-
datory in effective policy solutions, and the central
government should increase the amount of transfer
payment to subsidize governance cost by local gov-
ernments. Environmental tax revenue should be ded-
icated to environmental protection initiatives to alle-
viate the common pool problem.

2. Literature Review

This study is related to several groups of literature.
The literature on environmental regulations in China
is massive, many of which recognize its unique so-
cial and institutional characteristics. However, little
attention has been paid to expressly investigate the
effectiveness of authoritarian environmentalism un-
der Chinese-style decentralization. Examining envi-
ronmental protection from the perspective of fiscal
decentralization alone has yielded mixed results
(Song et al., 2018), because in China political cen-
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tralization dictates fiscal decentralization. One fea-
ture that separates this paper from the literature is its
integration of political centralization and fiscal de-
centralization into a unified framework. Political
blue sky is a key environmental issue in China, but
most literature is limited to revealing its causes
(Shen and Ahlers, 2019), and evaluating its conse-
quences (Liu, et al., 2017). Instead, this study aims
to propose solutions to the challenge of political blue
sky by modelling and simulating with EGT.
Another group of related literature is those applying
EGT in environmental studies. For example, Zhao et
al. (2018) analyze the strategic interaction between
enterprises and consumers with bounded rationality
in a carbon-labeled product market. Peng et al.
(2019) build an EGT model involving government
regulatory departments and electronics manufactur-
ing enterprises for the implementation of extended
producer responsibility for e-waste. Zhang et al.
(2019) conduct an evolutionary game model to ana-
lyze haze pollution control between a superior gov-
ernment and two local governments from the re-
gional synergistic governance perspective. In con-
trast, this paper focuses on policy design to promote
cooperation between the central and local govern-
ments in air pollution control.

More broadly, at an international level, this study
complements and extends the literature on environ-
mental federalism (Alm and Banzhaf, 2012). Sjoberg
and Xu (2018) find no evidence of a race-to-the-bot-
tom in the U.S. when states assume more decentral-
ized enforcement responsibilities in environmental
protections. Sjoberg (2016)’s study on Swedish mu-
nicipalities reveal that local politicians affect not
only environmental policies, but also the outcome
through implementation and enforcement. In an em-
pirical study on 110 countries, Fredriksson and
Wollscheid (2014) uncover that environmental pol-
icy decentralization tends to be associated with
weaker environmental policies, yet this effect is less
negative in politically centralized systems. This
study explores environmental protection interactions
in China, a country featuring strong political central-
ization yet financial and environmental decentraliza-
tion. However, the presence of these two features is
by no means unique to China, only differing in de-
gree across nations. Decentralized policymaking is
shown to yield inefficiently weak policies due to as-
sociated neglect of transboundary pollution spillo-
vers (Silva and Caplan, 1997) and inter-jurisdic-
tional capital competition (Kunce and Shogren,
2007). It is also documented that greater political
centralization leads local politicians and congres-
sional legislators to pay more attention to national
party mandate because their political careers depend
on it (Enikolopov and Zhuravskaya, 2007). The re-
sults in this study suggest that political centralization
can improve environmental policy stringency and
collaboration between the central and local govern-
ments.

3. Institutional Context and Policy Instruments

This section first discusses how Chinese-style decen-
tralization affects governments’ environmental reg-
ulations in air pollution control. Then, we outline
three policy instruments at the disposal of the central
government that can guide local governments’ strat-
egies to lead to the ideal cooperative outcome. The
complex relationship between the central and local
governments is depicted in Figure 1.

3.1. Institutional context

In response to growing public concerns over the en-
vironmental dimensions of SDGs in China, a series
of strict environmental regulations have come into
effect in recent years. The institutional relationship
between the central and local governments is crucial
for the implementation of environmental regula-
tions. As shown in Figure 1, China’s fiscal system is
largely decentralized, while its political structure is
centralized with strong top-down mandates and a ho-
mogeneous political structure. There are several key
issues in understanding the relationship between the
central and local governments in environmental pro-
tection.

First, in Chinese-style decentralization, the interest
between the central and local governments in envi-
ronmental protection is not completely consistent.
For instance, the central government has promul-
gated the policy of eliminating backward production
capacity in high-energy-consuming industries. How-
ever, local governments may rely on these to-be-
eliminated industries for local fiscal revenue and
economic growth. Especially in regions with ample
energy-intensive industries, there are often local pol-
icies and measures to counter the implementation of
the central government’s policy.

Second, environmental regulation is subject to dis-
cretion in implementations, because environmental
decentralization requires self-financing by local gov-
ernments. There exists a clear mismatch between
positive externality created by air pollution control
and the governance cost borne by local governments
(Zhang, et al., 2018). In a goal-oriented environment,
local governments greatly value accomplishment
measures of GDP growth, which results in intense
competition among rival jurisdictions (You et al.,
2019). Environmental regulations are an important
policy tool for local governments to attract mobile
taxpayers by creating lax jurisdictional environmen-
tal regulations that lower costs and tax burden borne
by firms (Lai, 2019).

Third, despite its determination to fight air pollution,
the central government cannot monitor the behaviors
or efforts of local governments effectively all the
time. The cost of such supervision is prohibitively
too high, and the efforts and ambitions of local gov-
ernments are often unobservable. Therefore, there is
information asymmetry within the principal-agent
framework of decentralized environmental govern-
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Figure 1. Institutional relationship between central and local governments in air pollution control

ance (Diebecker and Sommer, 2017). The funda-
mental issue is thus how the central government can
design effective institutions with available policy in-
struments so that local governments are willing to
cooperate with it by adopting strict environmental
governance.

3.2. Policy instruments for fighting air pollution

For the purpose of spurring local environmental gov-
ernance reform, this section analyzes the conven-
tional and economic policy instruments at the dis-
posal of the central government: administrative in-
spection, transfer payment, and environmental taxes.
The first policy tool is the administrative measure of
inspection. A challenge in environmental protection,
including air pollution control, is that local environ-
mental protection agencies report to local govern-
ments. This relationship entails inevitable conflict of
interest. To address this challenge, in 2017 the six
regional environmental protection inspection centers
of the Ministry of Environmental Protection were of-
ficially upgraded to the Regional Environmental
Protection Supervision Bureaus and were granted
greater power and mandate in environmental inspec-
tions. These regional environmental protection agen-
cies report directly to the central government and are
responsible for carrying out a larger share of moni-
toring, supervision, and enforcement of environmen-
tal regulations. The central government can choose
strict supervision strategy (enforcing all-round envi-
ronmental protection supervision) or loose supervi-
sion strategy (carrying out spot checks in selected ar-
eas) via national and regional environmental super-
vision authorities. However, in Chinese-style decen-
tralization, local governments have enough auton-
omy to choose a strict or lax governance strategy.
Environmental inspection is thus a key policy tool
for the central government to push and motivate lo-
cal governments to carry out strict governance.

Because their economy features heavy polluting in-
dustries, some regions such as the BTH face over-
whelming challenges in fighting air pollution. These
heavily polluted provinces are in urgent need for
subsidies from the central government and tax reve-
nues in their fight against pollution (Chu et al.,
2018). In order to implement the Air Pollution Pre-
vention and Control Action Plan, in 2013 the central
government established a dedicated fund for air pol-
lution control with an initial annual budget of 5 bil-
lion yuan. The fund significantly increased year by
year to 16 billion yuan in 2017. As local govern-
ments often undertook unauthorized use and lax
management of this dedicated fund, a new institu-
tional system needs to be designed to hold local gov-
ernments accountable. This system would be a com-
bination of the vertical transfer payment in fiscal de-
centralization and the reward and punishment in po-
litical centralization, to regulate local governments’
opportunistic free-riding behaviors. Once local gov-
ernments are found for not strictly controlling air
pollution, they would be subject to punishment by
the central government: a complete refund of the al-
located special funds, plus an administrative fine of
the equal amount.

Environmental taxation has replaced the pollutant
discharge fee to get China’s air pollution under con-
trol since January 2018. However, local govern-
ments have conflicting incentives for collecting en-
vironmental protection taxes. On one hand, facing
the challenges of economic transformation and tight
fiscal budget, local governments may tend to collect
environmental taxes at higher rates on more pollu-
tants when they strictly control air pollution. On the
other hand, the Laffer Curve suggests that maintain-
ing a moderate overall tax burden is an important
condition for promoting economic growth (Aslim
and Neyapti, 2017). Nowadays, the tax burden on
Chinese enterprises is substantial despite govern-
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ments’ attempt to reduce it. The environmental pro-
tection taxes have increased the overall rate of the
tax system, resulting in an increase in business oper-
ating costs and a possible reduction in tax base.
Therefore, it is possible that environmental tax reve-
nues may decline when local governments strictly
tax polluting firms at higher rates. In extreme cases,
polluting enterprises might be forced to shut down,
thus paying no taxes to the local government. It is
common for polluting enterprises to shop around for
jurisdictions with a lower tax burden and local gov-
ernments often work hard to attract these mobile tax-
payers and job creators. Given the central govern-
ment's vertical transfer payment, the low-tax-burden
competition among local governments creates a
common pool problem in air pollution control in
which they want to pass on more costs to the central
government (Saarimaa and Tukiainen, 2015). In this
study we would consider the two policy parameters
to investigate regarding the environmental taxes: the
tax burden (low vs. high) and the retaining ratio by
local governments and examine how they may im-
pact the evolutionary game equilibrium.

4. The Evolutionary Game Model

4.1. The game setup

Based on arguments above, the interaction between
the central and local governments in air pollution
control can be modelled as a non-cooperative evolu-
tionary game as follows.

Variables C; and C, represent the costs of strict and
lax governance respectively in air pollution control
to local governments, which include the implemen-
tation cost of environmental regulation. It is assumed
C, > C,, as strict enforcement carries a higher cost.
The collected environmental protection taxes are
shared by the local and central governments, with
0 <a <1 representing the share for local govern-
ments. R; and R, represent total environmental tax
revenues when local governments adopt strict and
lax governance respectively in air pollution control.
Intuitively it is assumed that R, > R,, but if the tax
burden is so high that some enterprises have to re-
duce production or are forced to shut down, then
R; <R,. Such a relationship between tax rates and
tax revenues is known as the Laffer Curve in eco-
nomics.

The net benefit created by local governments adopt-
ing strict governance in air pollution control is 4,
and the loss caused by lax governance is 4,. Given
the dreadful smog situation in China, it is assumed
that 4; < 4,. That is, strict governance will improve
the situation, but doing little or nothing would make

!From the modelling perspective, the central government
including various relevant ministries and administrative
arms such as the regional supervision bureaus is treated as
a single entity, and local governments are treated as a ho-

it much worse. The spillover coefficient for net ben-
efit or loss is denoted by 0 < # < 1, indicating net
benefit or loss regarding air pollution control in the
jurisdiction of a local government would spill over
to adjacent regions, which is considered part of the
benefit or loss to the central government that over-
sees the whole nation.

The supervision cost of the central government is Cj.
J is the transfer fund to a local government for air
pollution control; if a local government is caught for
incompliantly spending the fund, it will be subject to
an administrative fine of the same amount. In order
to quantify the intensity of the central government’s
environmental supervision, S represents the proba-
bility of the central government to inspect a particu-
lar jurisdiction. When the central government
chooses the strict supervision strategy, 5= 1.

To sum up, Table 1 shows the payoff matrix for the
central and local governments.

Table 1. Payoff matrix for the central and local govern-
ments

Local Central government
governments Strict supervision Loose supervision

Strict -Ci+oaR;+A;+T -Ci+aR;+A;+T
govemnance | -Cs+(L-a@)R;+nA,-J | -BC;+(L-a)R;+nA,-J

Lax -CstoaR;+AZ-J -CrtaR;-A>+(L-28)J
governance | -C3+(L-@)Rp+nA,+J | - BC, + (1 -a)Ry-nA,-(1-28)J

4.2. Evolutionary analysis of the game

Assume the local government adopts strict govern-
ance with probability x and lax governance with
probability 1-x. In the meantime, the central govern-
ment chooses strict supervision with probability v,
and loose supervision with probability 1-y.!

The expected utility of a local government adopting
strict governance is
U=y-CrtaR;+4,+J)+(1-y)
(-Ci+aR;+4,+J) 1)
and its expected utility of adopting lax governance is
Uy=y(-Co+aRy-4,-D) + (1-p)[- C; +aR, -

A, +(1-2p)J]. (2
The overall expected utility of a local government is
U, =xU;+ (1 -x)U,. (3)

Similarly, the expected utility of the central govern-
ment choosing strict supervision is

U;=x[-C;+ (1 -a)R,+nd;-J ]+ (1 -x)[- C;+
(1- )R, - ndy+J] (4)
and its expected utility of choosing loose supervision
is

Uy;=x[-BC;+ (1 -a)R; +nd,;-J] +

(1-0[-BCs + (1 - R, -4, - (1-2)J].  (5)
The overall expected utility of the central govern-
ment is

mogenous group. In practice, as there is a multitude of lo-
cal governments, x can be understood as the percentage of
them adopting strict governance. Due to the uniqueness of
the central government, y is best understood as the proba-
bility for its adoption of strict supervision.
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Usy =yUs+ (1-)U,. (6)
The replicator dynamics equation of the game sys-
tem is:

dx

dt

287 +2yJ(1 - )]
d
= =y(1 - - HJ - C3) - 201 - B

)

For the replication dynamic system (7), there are 4
sets of potential pure-strategy Nash equilibria, i.e.,
(0,0), (0, 1), (1,0), and (1, 1) that are fixed points of
the evolutionary dynamics, which can be determined
by the Jacobian matrix partial stability (Friedman,
1991).
In the determinant and trace of the Jacobian matrix,
it can be expressed that 7; = C,- C; +A;+ 4, + o
(R; - R,) +2pJ represents the net benefit to local
governments adopting strict governance when the
central government employs loose supervision, and
7,=Cy-C;+4;,+4,+a (R;-R,) +2J represents
the net benefit to local governments adopting strict
governance when the central government employs
strict supervision. Similarly, z;= (8- 1) C; repre-
sents the net benefit to the central government em-
ploying strict supervision when local governments
adopt strict governance, and =, = (1-5)(2J-C;)
represents net benefit to the central government em-
ploying strict supervision when local governments
adopt lax governance. When 0 <f <1, we have
7, <m,, m3<my, and z; <0. Therefore, the evolu-
tionary stability of equilibrium points is summarized
in Table 2 that includes six situations.
There is no ESS between the central and local gov-
ernments in the 6" situation, as all the game
outcomes are saddle points thus unstable. However,
there may exist mixed-strategy equilibrium in which
participants would evolve and interact with each
other strategically over time.
In the other five situations presented in Table 2, there
exists an ESS point to which the evolutionary game
system will coverage in equilibrium. Among the four
pure-strategy outcomes, (0, 1) corresponds to the
worst evolutionary equilibrium of non-cooperation
when local governments adopt lax governance while
the central government chooses strict supervision.
On the contrary, point (1, 0) corresponds to the opti-
mal and thus ideal evolutionary equilibrium of coop-
eration when local governments adopt strict govern-
ance under loose supervision from the central gov-
ernment. It is deemed optimal due to the low aggre-
gate governance cost for accomplishing the desired
outcome. Besides, constant high pressure from the
central government would not be a sustainable solu-
tion. Instead, the central government should focus on
guiding local governments’ choice with well-de-
signed regulations. Points (0, 0) and (1, 1) are
deemed the second worst and suboptimal evolution
equilibriums respectively.

From the policy perspective, the principal issue is to
design policies so that the point (1, 0) is the ESS in
the dynamic interactions between the central and lo-
cal governments. This ESS is ideal because the in-
tensity of environmental supervision enforced by the
central government is low due to its trust on local
governments to fight air pollution diligently. Thus,
in the evolutionary game system, the question is how
to incentivize more local governments to adopt strict
governance when the central government does not
have to keep high-intensity supervision. In the next
section, we will investigate via simulations the indi-
vidual and joint effect of the policy instruments to
accomplish this objective.

5. Simulation Analyses of the Evolutionary Game

In this section, we first assign the parameters in the
dynamic model based on official information and ex-
isting literature, and then study their impact in two
scenarios via simulations. In practical scenarios, it is
assumed that local governments do not directly con-
sider environmental impacts when formulating their
policies, while in theoretical scenarios they explic-
itly incorporate environmental cost and benefit into
decision-making. In both scenarios we aim to exam-
ine the impact and effectiveness of various policy in-
struments in leading to ESS.

5.1. Parameter assignments

Among the parameters in the evolutionary game
model (7), C;, 4, and R; are the main parameters,
and the others can be set according to their relation-
ship with them. Unfortunately, it is impossible to di-
rectly collect their data from any official or other rep-
utable source of information. Based on the principle
of uniformity and availability, the national environ-
mental pollution loss measured in Liu and Wen
(2008) is assigned for 4,, the total amount of invest-
ment in environmental pollution control obtained
from the National Environmental Statistics Bulletin
is assigned for C;, and the pollutant discharge fee
from the same source is assigned for R;. The ratio of
these three variables is calculated as
C;:A,: R;=1:0.5:0.05. Therefore, in simulations
they are assigned as C; =10, 4,=5and R; =0.5.
Besides, C, = 4 satisfies the assumption that the cost
of lax governance is less than that of strict govern-
ance, and 4, = 2 satisfies the assumption that the en-
vironmental benefit of strict governance is less than
the environmental loss due to lax governance.
R, = 0.3 satisfies the assumption that the environ-
mental tax revenue from lax governance is less than
that from strict governance, and C; = 0.5 assigned
by the pollutant discharge fee is regarded as the su-
pervision cost of the central government (He, 2015).
In simulations, the step for parameters , a, J and R;
is 0.1. The value interval of £ is [0.1, 0.9] with
£=0.5 as the initial state. Respectively, the value in-
terval for « is [0, 1] with the initial state of a=0.5,
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Table 2. Evolutionary stability of equilibrium points
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Figure 2. Dynamic evolutionary process in practical scenario. For vertical axis, x and y represent the proportion (probability)
of local governments and the central government taking strict governance or supervision, respectively. The horizontal axis t

represents the round of simulation.

and the value interval for J is [0.1, 10] with the initial
state of J=5.

5.2. Simulation of practical situations

Practically, Local governments value greatly eco-
nomic indicators such as GDP growth and fiscal rev-
enues, often disregarding environmental benefits
and losses when formulating their air pollution con-
trol policies. Accordingly, 4, =4, =0 is assumed in
the practical simulations in this section, and other pa-
rameters are assigned as per Section 5.1. Our interest
is to examine the effect of several policy parameters:
the sharing of the environmental tax, the environ-
mental tax burden, the intensity of environmental su-
pervision, and the transfer payment by the central
government.

5.2.1. Convergence of the system
The simulation begins with x = 0.2 and y = 0.8.2 The
dynamic evolutionary process is depicted in Figure

2Choosing other initial values does not qualitatively
change the results.

2, showing a mixed strategy features the saddle point
(19/20, 9/50), around which the strategic choices of
both sides of the game display a cyclical pattern. The
central government’s position swings between loose
and modest-intensity supervision, while local gov-
ernments are sometimes committed to governance
and half-heartedly so at other times.

5.2.2. Effect of sharing environmental tax revenues

The evolutionary process is simulated when the
value of a is 0 and 1. When o = 0 there is one saddle
point (19/20, 1/5), and when a = 1 the saddle point
is (19/20, 4/25). Further, the results show that when
a varies between 0 and 1, it is impossible to make
net benefits positive for local governments adopting
strict governance. Therefore, the way environmental
tax revenue is shared between the central and local
governments is not a valid policy parameter. As a re-
sult, only a = 1 is considered hereafter given that en-
vironmental taxes belong to local taxes in practice.
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Figure 3. Dynamic evolutionary outcome in practical scenario when f and J chang simultaneously

5.2.3. Effect of the intensity of environmental super-
vision

When only g varies, there are saddle points in simu-
lation outcomes when £ falls in the range of [0.1,
0.6), and the system converges to the optimal ESS
(1, 0) when g falls in [0.6, 0.9]. These simulation re-
sults indicate that the central government must main-
tain at least modest supervision intensity (4 > 0.6) in
order to yield the optimal equilibrium.

5.2.4 Joint effect of environmental supervision and
transfer payment

Now we conduct simulations when parameters £ and
J change simultaneously while keeping the other pa-
rameters unchanged and « = 1. The outcome of the
evolutionary game is summarized in Figure 3.
When the central government’s supervision intensity
f is less than 0.3, no matter how the value of J
changes in the interval [0.1, 10], the system cannot
converge to the optimal ESS (1, 0). This means that
the precondition for transfer payment with reward
and punishment to work, is that the central govern-
ment must enforce at least three-tenths of the maxi-
mum environmental supervision intensity in order to
achieve the ideal ESS.

When J falls in the interval [0.1, 0.3), represented by
the area AOCB in Fig. 3, the system converges to the
second worst equilibrium, (0, 0). Both the central
and local governments adopt a laissez-faire strategy
when the level of transfer payment is trivial.

When J increases to the range of [0.3, 2.9), the worst
equilibrium (0, 1) is realized, as denoted by the area
of BCED. Local governments always choose lax
governance regardless of the amount of transfer pay-
ment J € [0.3, 2.9). Itis the worst because local gov-
ernments do not strictly control air pollution while
the central government wastes money on supervision
costs. The reason for this insensitivity is that the ex-

pected cost of air pollution control to local govern-
ments is too high relative to the transfer payment of-
fered by the central government. Despite the possible
economic and political punishments by the central
environment’s supervision, many local governments
still believe that the law cannot punish all offenders
and choose to adopt lax governance. Such a strategy
is imitated and becomes the stable strategy in the
group.

When J equals 2.9, the central government’s evolu-
tionary stable strategy is strict supervision, and local
governments choose strict governance with a proba-
bility between 0.1 and 0.2. The system reaches the
suboptimal evolutionary equilibrium (1, 1) marked
as D.

Only when J is greater than 2.9 does the central gov-
ernment have both the environmental supervision (5)
and transfer payment (J) effective to incentivize lo-
cal governments to diligently fight air pollution.
The two instruments can be exchanged without af-
fecting the central government’s utility. The indiffer-
ence curve located in upper-right portion of Fig. 3
suggests the law of diminishing marginal rate of sub-
stitution between environmental supervision (f) and
transfer payment (J). The area above the indifference
curve represents where the optimal equilibrium (1,
0) occurs, and the area below the indifference curve
plus the area DEHa represents where the system can-
not reach a stable equilibrium.

5.2.5. Effect of environmental tax burden

All simulations thus far assume R; > R,, that is,
adopting strict environmental governance would in-
crease the tax revenues for local governments. How-
ever, local governments are often concerned that en-
vironmental tax may drive polluting enterprises to
other jurisdictions, which makes them suffer in eco-
nomic growth. Next, we will investigate how this
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Table 3. Effects of environmental tax burden on the optimal evolutionary equilibrium

R, B
5=03 5=04 | p=05 | p=06 | p=07 | p08 | p=09

R,=05 | [9.710] | [7.3.10] | [58.10] | [4.9.10] | [42.10] | [3.7.10] | [3.3.10]

J R,=0.2 [7.700] | [6.1.10] | [5.1,10] | [44.10] | [3.9.10] | [3.4,10]

R,=0.1 [7.810] | [62.10] | [5.2.10] | [45.10] | [3.9.10] | [3.5,10]
14705l 2.4 15 0.9 0.7 05 0.4
4]y 16 1 0.7 05 05
o] 16 1 0.7 0.6 0.4
AT 0.4 0.3 0.2 0.2 0.2 0.1
AT 0.5 0.4 0.3 0.3 0.2 0.2

concern (R; < R,) may affect the evolutionary out-
come.

When simulating Sections 5.2.1 and 5.2.2 again with
R;<R,and R; €[0.1,0.2], it is found that there is
no evolutionary stable strategy between the central
government and local governments.

Compared to Section 5.2.3, the concern for the neg-
ative effect of an environmental tax burden by local
governments makes the central government slightly
elevate its supervision intensity to g € [0.7, 0.9], so
that the system can reach the optimal ESS.
Compared to Section 5.2.4, the concern for the neg-
ative effect of environmental tax burden by local
governments raises the values of g and J at the opti-
mal ESS point (1, 0). Specifically, when < 0.4, no
matter how J changes, the system cannot reach the
optimal equilibrium. When £ varies, the required in-
terval of J for system to reach the second worst equi-
librium (0, 0) is unchanged from Section 5.2.4. How-
ever, the required interval of J for the system to reach
the worst equilibrium (0, 1) expands slightly to
[0.3,3.1). When J = 3.1, the system converges to the
suboptimal equilibrium (1, 1). When J > 3.1, the
joint effect of p and J complies with the law of di-
minishing marginal rate of substitution, which is
shown in Table 3.

In Table 3, rows 3-5 show the range of J under dif-
ferent combinations of R; and # such that the sys-
tem would converge to the optimal equilibrium.
Rows 6-8 show the incremental change in the length
of interval of J when £ increases corresponding to
rows 3-5 respectively. The last two rows show the
change in the length of the interval for J when R,
equals 0.2 or 0.1 (row 4 or 5) compared to the case
R;=0.5 (row 3) within each column. The results
show that as B increases steadily, the incremental
change [4J] for the system to reach the optimal equi-
librium is diminishing more slowly (rows 6-8).
Meanwhile, compared to the case R;=0.5, when R,
decreases from 0.2 to 0.1, the required variation of
AJ for the system to reach the optimal evolutionary
equilibrium is increasing. This relationship between
R, and J characterizes the common pool problem in
air pollution control — local governments with envi-
ronmental tax discretion prefer to shift the govern-
ance costs through fiscal transfer payments to the
central government.

To summarize the simulation results in the practical
scenarios, in order to make local governments
choose strict governance, the central government can
use the administrative measure of environmental in-
spection (f), or combine it with the incentive meas-
ure of transfer payments (J). Although sharing envi-
ronmental tax revenues cannot make local govern-
ments undertake strict governance, these revenues
would somewhat counter their preference for lax
governance. The collection and expenditure of envi-
ronmental tax revenues are regulated by the central
government, which can restrain local governments’
discretion of low tax burden competition and allevi-
ate the common pool problem of passing costs to the
central government. In short, when the administra-
tive and fiscal tools are coordinated, goal-oriented
local governments will participate in the collective
action against air pollution.

5.3. Simulation of theoretical situations

In the theoretical situations, it is assumed that local
governments incorporate the envirmental benefits
and losses caused by their environmental policies
into decision-making. Based on Section 5.1, 4,=2
and 4, =5 are assigned, and the other parameters
stay the same as in Section 5.2. Similarly, our
interest is to examine the effectiveness of the policy
parameters on the ESS.

Figure 4 depicts the evolutionary equilibrium of the
game system, in which the strategy of local govern-
ments quickly converges to 1 (strict governance) and
the strategy of the central government converges to
0 (loose supervision) within 30 rounds of simulation.
The regulatory game thus converges to the optimal
ESS.

Now we turn to the effects of policy instruments in
terms of shaping the evolutionary equilibrium. Cor-
responding to Sections 5.2.2 to 5.2.5, we sequen-
tially examine the effect of related policy parame-
ters. In all these simulations, no matter how the pol-
icy parameters change within their range, the ESS
point is always (1, 0). Therefore, regardless of the
setups for the three policy instruments — environ-
mental tax revenue sharing, environmental inspec-
tion, and transfer payment — the game system will
always converge to the ideal equilibrium, if the en-
vironmental costs and benefits are incorporated in
decision-making.
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Figure 4. Evolutionary equilibrium in theoretical scenario

The invalidity of these policy instruments brings im-
portant enlightenment to China's environmental pro-
tection challenges. For the goal-oriented bureau-
crats, the endogenization of environmental protec-
tion costs and benefits is much more effective than
exogenous institutional instruments such as inspec-
tion or the carrot and stick effect with transfer pay-
ment. When Green GDP is incorporated in the per-
formance evaluation system, local government offi-
cials would have to accommodate environmental
consequences in their policymaking. Simulations
demonstrate that such deliberations would naturally
lead to the socially desirable outcome, without any
intervention by the central government.

6. Conclusions

In China, fiscal and environmental decentralization
leads to a race to the bottom among local govern-
ments that adopt lax air pollution regulations. This
study explores how to bring local governments on
board fighting air pollution via policy design. New
to literature, policy simulations are conducted in a
non-cooperative evolutionary game to explore how
to shape cooperative actions.

In the theoretical scenario, when local governments
explicitly consider the environmental benefits and
losses of air pollution control, the ideal equilibrium
will emerge naturally, regardless the central govern-
ment’s policies. When environmental performance
is endogenized in local authority performance
measures and the promotion standards for the goal-
oriented bureaucrats, collective actions would natu-
rally emerge among local governments. In the prac-
tical scenario, when local governments do not en-
dogenize environmental benefits and losses in deci-
sion-making, the central government can design and
execute policies with appropriate combinations of
environmental inspection and transfer payments to
propel local governments to cooperate.

SO B0 100

The results in this study offer several important pol-
icy implications. First, the most effective institu-
tional design leading to the ideal cooperation in
fighting air pollution features indicators on environ-
mental protection explicitly included in statutory lo-
cal authority performance measures. In practice,
one-vote veto system would change the governmen-
tal mindset by sending the clear message that no of-
ficials would be promoted if they fail in environmen-
tal protection.

Second, despite the political will to construct ecolog-
ical civilization, the central government does not
possess enough information to hold local govern-
ments accountable for their opportunistic behaviors.
For this reason, China’s centralization of environ-
mental oversight is necessary to overcome conflict
of interest and attain high-quality regulations and
monitoring. Reforms such as the establishment of
Regional Environmental Protection Supervision Bu-
reaus within the Ministry of Ecology and Environ-
ment represents solid progress in this direction.
Therefore, good governance of air pollution will be
achieved with policies that combine effective high-
quality institutions with professional officials who
are accountable for cultivating ecological civiliza-
tion.

Third, the central government should transfer more
funds for environmental protection to fill local finan-
cial capacity gaps. Local governments have borne a
disproportionally large share of the costs for envi-
ronmental protection. For example, in 2015, the na-
tionwide total investment in pollution control was
880.63 billion yuan, and the direct investment in pol-
lution control facilities was 469.42 billion yuan.
However, in 2017, the central government allocated
only 49.7 billion yuan dedicated to environmental
protection. As demonstrated in simulation results, in-
sufficient transfer payments would not be able to
spark effective environmental protection by local
governments.
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Fourth, measures must be adopted to address the
controversial common pool problem in the financial
transfer system. Local governments are responsible
for collecting environmental taxes and are given a
certain level of discretion to spend them. Since local
governments usually prefer to keep a relatively low
tax burden in order to attract investments, they tend
to collect insufficient environmental taxes on pollut-
ing firms, which tightens their budgets and thereby
reduces investment in environmental protection.
Such behaviors by local governments increase their
reliance on the financial transfer from the central
government. To control rent-seeking of local gov-
ernments, the environmental tax revenues should be
put in special funds strictly dedicated to environmen-
tal protection. In the meantime, the central govern-
ment needs to enhance tax and environmental au-
thorities’ capacity to better direct financial resources
to environmental protection so that local govern-
ments cannot shift the costs of pollution control to
central transfer payments.

A few ideas generated in this study warrant explora-
tion in future research. For example, as an additional
policy measure, how would inter-regional horizontal
transfer payments may affect evolutionary game
equilibrium? In addition, air quality has been tempo-
rarily improved worldwide due to the Covid-19 pan-
demic and lockdowns in most countries since the
spring of 2020. It is of great interest to explore how
a similar but lasting effect can be achieved with
sound environmental governance. These ideas will
be pursued in upcoming projects.
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