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A B S T R A C T

When political agents are subject to centralized performance evaluation, their efforts and performances tend to
be correlated with one another in the “neighborhood”. Using quarterly data from prefecture-level cities in China,
this paper finds evidence of positive neighborhood effects on coal mine deaths: the number of accidental deaths
in a city is positively associated with those in its political neighbors. The neighborhood effects are confined by
provincial borders, but do not diminish as the geographic scope of the neighborhood increases. Moreover, the
effects are amplified by regulatory reforms and political cycles that increase the salience of coal mine safety.
The findings of neighborhood effects on coal mine deaths are consistent with the logic of relative performance
evaluation (RPE) as a mechanism for shaping policy outcomes.

1. Introduction

Performance comparison across jurisdictions constitutes an impor-
tant component of political incentives in multi-agent organizations.
Political principals may use incentive schemes, such as relative perfor-
mance evaluation (RPE) and tournament competition, to provide incen-
tives for bureaucratic agents and enhance their performance (Holm-
strom, 1982; Lazear and Rosen, 1981; Shleifer, 1985). In electoral con-
texts, voters often compare the performance in their own jurisdictions
with those in neighboring districts to assess the ability of incumbent
politicians, forcing them into a de facto yardstick competition (Besley
and Case, 1995). In either circumstance, agents are incentivized by
inter-jurisdictional competition, and a positive performance correla-
tion often assumes among jurisdictions. The existing literature, how-
ever, mostly focuses on competition over primary policy issues such as
economic growth or fiscal budget. It is rarely studied whether similar
logic extends to the incentive and efforts for second-dimensional policy
issues.
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This paper intends to study the incentives of local leaders to address
a second-dimensional policy by examining the neighborhood effects in
coal mine deaths in China. We estimate the (positive) correlation in coal
mine deaths among prefecture-level cities within the same province,
and interpret this neighborhood effect as stemming non-trivially from
the mechanism of RPE for city leaders. Comparing with other channels
proposed in the literature for explaining neighborhood effects, such as
learning and information spillover (Bloom et al., 2013; Callander and
Harstad, 2015; Case et al., 1993), promotion competition based on RPE
is arguably a more relevant mechanism responsible for the neighbor-
hood effects in China. Local officials are evaluated by their superiors,
and city leaders compete with each other for positions at higher levels
(Li and Zhou, 2005; Xu, 2011; Yao and Zhang, 2015). To incentivize
local leaders on a specific policy, the provincial superior may calibrate
the incentive scheme for that policy to induce local leaders’ compliance
and responsiveness. In turn, neighborhood effects tend to occur along
highly salient policies in the eyes of the principal.
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We focus on coal mine deaths to examine the political economy of
neighborhood effects for two reasons. First, coal and coal mine safety
are issues of high salience for the Chinese central government. On eco-
nomic importance, the coal industry provides over 70 percent of China’s
domestic energy consumption and a considerable share of local revenue
(Wang, 2006). Hence, regulators often have to confront the calcula-
tion of the economic costs associated with stringent safety regulations.
On political importance, coal mine safety was a constantly embarrass-
ing issue for the Chinese government over the recent decades, with a
fatality rate 11 times that of Russia, 15 times that of India, and 140
times that of the United States as of 2000 (Wright, 2004). Surging coal
mine deaths posed a threat to social stability, which is a key concern
of the ruling Chinese Communist Party (CCP).2 In reaction to public
infuriation over coal mine deaths, the central government implemented
comprehensive regulatory overhauls in an attempt to make substantial
progress on coal mine safety. And they did. From theoretical and policy
perspectives, it is interesting to study how the interventions initiated
by the central government worked in shaping the incentives of local
governments.

Second, coal mine safety is an issue on which the performance of
local governments can be evaluated through a tangible measure, the
number of coal mine deaths; and coal mine safety has gained increasing
weight in the RPE for local leaders after 2000 along with the centralized
reforms. The State Council implements strict sanctions on local officials
for severe coal accidents occurring in their jurisdictions. These reforms
were likely to impose a “mandate” on local leaders to improve on coal
mine safety. Similar to the case of GDP growth, the RPE on coal mine
safety is one of the main mechanisms leading to strategic interactions
among coal-producing cities in the same province. Intuitively, when
a city’s neighbors make substantial progress on the reduction in coal
mine deaths, the improvement in a city’s own safety becomes more
urgent. Falling behind on safety is likely to dampen the reputation of
local leaders, hindering their probability of promotion. In turn, the logic
of RPE is consistent with the positive correlations in coal mine deaths
among coal-producing cities that are regulated and evaluated by the
same provincial government.3 Our empirical exercises hinge on this
hypothesis.

The empirical analyses rely on the quarterly data on coal mine
deaths in 163 major coal-producing cities from 2001 to 2011. In China,
performance evaluation on coal mine safety is conducted both quar-
terly and yearly. Although the yearly evaluation constitutes an impor-
tant time-dimension of promotion competition for local leaders, com-
petition among cities occurs incessantly throughout the year. In most
policy domains, the yearly evaluation is based on cumulative measures
of RPE which is conducted in every quarter. In addition, promotions and
bureaucratic transfers may occur in any quarter throughout the year.4
Estimating the neighborhood effects with quarterly data grants us the

flexibility to examine the dynamic incentives of local officials largely in
line with the logic of RPE on policies.

The main challenge to identification of the neighborhood effect
is simultaneity bias. Because cities in the same province may have

2 According to the “Comprehensive Evaluation Methods for Local Party and Govern-
ment Leaders.” formally issued by the CCP’s Organization Department in 2009, the main-
tenance of social stability is one of the 13 key issues for the performance evaluation
on chief leaders and one of the 8 key issues for evaluating local governments as a whole.
(http://www.hnscdj.gov.cn/show.aspx?id&equals;3642&amp;cid&equals;31, accessed by
June 30, 2017).

3 There are qualitative evidence on the maintenance of social order and work safety as
tangible measures in the RPE for local governments. For example, Cai (2012) documents
that social and workplace safety constitute 10 percent of total scores in the performance
evaluations of local leaders in a prefecture-level city in Guangdong province in 2009.

4 To give one example, there were 55 political turnovers among the 60 political
turnovers for provincial governors and party secretaries who were in office right after the
18th National Congress of CCP in 2012. Of those, 21 changes occurred in the first quarter,
13 occurred in the second quarter, 8 occurred in the third quarter, and 13 occurred in the
fourth quarter.

exerted mutual influences on safety, linear estimates of spatial autore-
gressive model on inter-governmental interactions are biased due to
the “reflection problem” (Manski, 1993). To deal with this problem,
we first adopt the quasi-maximum likelihood (QML) estimation pro-
posed by Lee and Yu (2010) to solve the endogeneity problem in a
spatial autoregressive (SAR) model. As an alternative estimation strat-
egy, we follow the literature on social interactions to adopt the one-
period lag of neighbors’ deaths as a proxy and estimate a dynamic
model (Aizer and Currie, 2004; Fredriksson and Millimet, 2002; Mun-
shi, 2004). In addition, although our primary interest in the neighbor-
hood effect focuses on the incentive role of RPE, it is quite plausible
that cities react to instructions of provincial and central governments
to overhaul the workplace safety regulation. Hence, the positive cor-
relation on the coal mine deaths may stem from contextual interac-
tions (Manski, 2000). To alleviate the possibility that our estimates for
the neighborhood effects are inflated by the contextual interactions, we
include city fixed effects, year-quarter fixed effects, provincial-specific
time trends, and provincial-specific effects of political cycles, to control
for cities’ common reactions to external shocks.

The QML estimation and linear estimations yield qualitatively simi-
lar results that the level of coal mine deaths in a city is positively asso-
ciated with the average level of deaths in its political neighbors, which
are defined as other coal-producing cities in the same province. How-
ever, in addition to strategic interactions among local governments in
line with the logic of RPE, the neighborhood effect in coal mine deaths
may be caused by other factors, such as inter-regional market inter-
actions, information spillovers, or Tieboutian competition (Acemoglu
et al., 2015; Bloom et al., 2013; Lyytikäinen, 2012). To disentangle
the neighborhood effect due to RPE and other channels, we compare
estimates considering geographical and political neighbors, as well as
economically comparable cities in the same province. The results are
twofold. First, the effect is invariant to the size of the neighborhood
for cities in the province, but it is nonexistent for cities that are geo-
graphically proximate but located in different provinces. Second, within
a province, neighborhood effects are stronger among economic neigh-
bors, cities whose per capita GDPs are close to each other; and there are
no such effects among economically proximate cities across provinces.
These empirical patterns on the neighborhood effect are consistent with
the logic of RPE, but they provide no support for the premise that the
effect stems from market interactions.

We explore higher-order time lags of neighbors’ average deaths as an
explanatory variable to further study the dynamic neighborhood effects.
Within the same year, the neighborhood effect persists for as long as
three quarters. By contrast, the cross-year dynamic neighborhood effect
persists relatively shorter, and its magnitude is smaller. The patterns
of dynamic neighborhood effects based on quarterly data are consistent
with the estimates using yearly data, which suggests that spatial interac-
tions on coal mine deaths mainly occur in the same year. The relevance
of neighborhood effects within the same year implies that promotion
competition is a key underlying mechanism driving the spatial corre-
lation, as quarter and year are the main time horizons of the RPE for
local officials. The effects are unlikely to be driven only by common
shocks in the market, as those shocks are not restricted within the same
year.

Recent research on the quality of official data in China raises con-
cerns about report manipulation (Fisman and Wang, 2017; Wallace,
2016). Neighborhood effects may result from systematic underreport-
ing on deaths, rather than real improvement in safety. We test whether
the neighborhood effects could be primarily driven by manipulation in
a cluster of cities. The empirical strategies in the two tests respectively
consider increasing the prevalence of manipulation in the fourth quar-
ter, and using the distance from cities to provincial capitals as a medi-
ation of neighborhood effects. In contrast to what the logic of report
manipulation would dictate, the results suggest that the estimates are
unlikely to be due to strategic underreporting even though manipula-
tion may nevertheless exist.
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Analyzing coal mine safety through the lens of neighborhood effects
sheds lights on the role of promotion competition in shaping the perfor-
mance on second-dimensional issues. One intuition based on the logic
of RPE is that cities respond more acutely to neighbors’ performance on
issues that are of higher salience in the RPE. We explore the variation
in the salience of coal mine safety at the national and city levels to test
this implication. The analysis finds that neighborhood effects became
stronger (1) when the central government imposed more stringent rules
of bureaucratic sanctions for safety negligence after 2005; and (2) when
the date was moving toward the National Congress of CCP. Further-
more, cities lagging behind on coal mine safety react more strongly to
neighbors’ safety performance, while city leaders with a local birthplace
are associated with weaker neighborhood effects on coal mine deaths.
Taken together, the results lend supports for the incentive roles of RPE
in shaping the performance of local governments: neighborhood effects
seem to be more acute under the circumstance where coal mine safety
matters more for the evaluation of local leaders.

This paper is related to several strands of literature. First, our
focus is closely related to the empirical research on political selec-
tion and government performance in China (Chen and Kung, 2016;
Li and Zhou, 2005; Lü and Landry, 2014; Yu et al., 2016). In partic-
ular, Yu et al. (2016) employ spatial econometric models to estimate
the strategic competition among city governments for GDP growth,
and find positive interaction among cities with similar economic ranks.
Our paper follows this path to study spatial interaction in govern-
ment performance, yet we focus on coal mine safety, an important
second-dimensional issue that is normally underappreciated in litera-
ture as a determinant of officials’ career advancement. Our findings
complement the existing research by showing that competition may
help address these issues, as long as they are taken seriously in per-
formance evaluation. The logic should extend more generally to other
“second-dimensional” issues such as environmental regulation and food
safety (Fredriksson and Millimet, 2002; List et al., 2006; Markusen et
al., 1995).

The present paper adds to a growing body of literature on the polit-
ical economy of regulation in China. Jia and Nie (2015) document that
decentralization of control rights in state-owned mining companies has
a detrimental impact on safety, due to a business-government collu-
sion. Nie et al. (2013) find that provincial death rates in the coal mining
industry decreased significantly prior to the “two sessions” of provincial
political cycles. Fisman and Wang (2017) study the incentive distortions
caused by the implementation of “death ceilings,” a threshold of deaths
related to promotion and sanction. This research concentrates on the
direct responses of agents to the principal. In this regard, our analyses
on horizontal interactions among cities provide a refined account for
how regulatory reforms may work in an essentially centralized political
system.

Finally, our paper speaks to a large literature on intergovernmen-
tal interactions in the context of electoral accountability. Democrati-
cally elected politicians need to keep pace with their neighbors over
taxation and welfare provisions when voters use policies and perfor-
mance in neighboring regions as a benchmark to determine whether
politicians have delivered satisfactory performance (Besley and Case,
1995; Bordignon et al., 2003; Figlio et al., 1999). The literature docu-
ments a mediating role of centralization in shaping inter-jurisdictional
competition (Revelli, 2003, 2006). By contrast, the present paper
finds that the neighborhood effects may intensify along with central-
ization, which we attribute to the centralized personnel control in
China.

The remainder of the paper is organized as follows. Section 2 pro-
vides a sketch of the institutional background on personnel control and
regulation of coal mine safety in China, and introduces the theoretical
intuitions linking promotion competition and neighborhood effects on
coal mine safety. Section 3 describes the data. Section 4 discusses the
identification strategy. Section 5 reports the empirical results. Section
6 concludes the paper.

2. Institutional background

This section provides the institutional background for the regulation
of coal mine safety in China. We first introduce the implications of RPE
for the incentive of local leaders. We then describe important regula-
tory reforms on coal mine safety in recent decades. Finally, we discuss
the theoretical intuitions linking neighborhood effects and the overall
improvement in coal mine safety.

2.1. Incentive of local leaders

The administrative system in China is organized as a hierarchy of
subnational units that compete economically and politically with each
other. Regional governments enjoy substantial discretionary powers in
economic affairs, including the power to determine the composition of
local expenditures, invest in public goods, manage local state-owned
enterprises, and grant tax exemptions to investors. Meanwhile, local
leaders compete for career advancement, and their promotions hinge on
performance evaluations conducted by their superiors (Xu, 2011). Com-
petition among local leaders in the same political jurisdiction implies
a convergence of policies and performance, particularly on issues that
are salient in the RPE.

In the Chinese context of the post-Mao era, economic growth has
turned into a primary issue for the ruling party’s political survival,
famously following the political slogan that “Development is the hard
principle.” (Gallagher, 2002; Shirk, 1993). Empirical evidence attests
to the importance of economic growth as an important determinant of
promotion for local leaders (Li and Zhou, 2005; Yao and Zhang, 2015).
Moreover, a recently growing body of literature shows that regional
governments strategically allocate efforts to enhance GDP growth and
fiscal performance, reflecting potential competition from their political
neighbors (Lü and Landry, 2014; Yu et al., 2016). However, there has
been little research on whether second-dimensional issues that do not
immediately translate into growth have a bite in driving the incentive
of local leaders.

The number of coal mine deaths aroused enormous public attention
in the early 2000s. The coal mining industry accounted for less than 4
percent of the industrial workforce, yet it contributed to over 45 percent
of industrial fatalities. As Fig. 1 shows, the total number of coal mine
deaths peaked in the 1990s and remained at a historically high level
in the 2000s. But starting in 2003, there has been a fast and steady
decline over time in the number of coal mine deaths. Moreover, the
death rate decreased considerably in this period, suggesting that the
declines in total deaths were not simply due to cutdowns in production
capacity. We argue that the salience of coal mine accidents in the RPE

Fig. 1. Coal Production and Safety in China: 1980–2011. Notes: This figure presents total
coal mine deaths and total coal production per year. The data are obtained from the
Chinese Yearbook of Workplace Safety.
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is important for understanding the incentive of local leaders to improve
the safety.

2.2. Regulation of coal mine safety

Two conditions are necessary for local governments to take coal
mine safety seriously. First, there needs to be a tangible and reliable
measure of safety performance for the provincial superior to conduct
RPE. Second, the superior should pay enough attention to the safety
issue in designing the promotion (and sanction) scheme so as to pro-
vide career-concern incentives for local leaders to comply with the goal
of the superior. These conditions are not always satisfied. Regulation of
the coal mine safety was comparatively decentralized before the estab-
lishment of the State Administration of Coal Mine Safety in 1999. The
Ministry of Coal Industry, the nominal regulator of the coal mine indus-
try at the state level, was a marginalized and unstable bureaucratic
branch, subject to frequent restructuring and downgrading, and was
eventually abolished along with administrative decentralization by the
State Council in 1998.5 In turn, the focus on safety supervision did not
penetrate down to the local level, and systematic performance evalua-
tions of coal mine safety were infeasible, due to the lack of regulatory
capacity.

Without strong regulatory power, the jurisdiction of regulating small
and medium-sized coal mines were delegated to local governments.
Local governments were responsible for supervising mining operations
and enforcing safety regulations, and they were legal owners of most
township-and-village (TVE) coal mines. The incentive to enhance coal
mine safety, however, was often compromised by the exclusive focus of
local governments on growth and revenue. Under the decentralized fis-
cal contract system between 1978 and 1993, local governments became
a residual claimant of public revenues (Jin et al., 2005; Shen et al.,
2012). Improvement in coal mine safety involves substantial inputs,
including safety supervision, subsidies for technology upgrading, and
shutting-down of unsafe mines. The implementation of these policies
tends to hinder economic gains in growth or personal rents (Wright,
2004; Wang, 2006).

To address the safety problems, the central government adopted
an array of reforms to overhaul the regulatory system. The first set of
reforms aimed at empowering regulators at each administrative level.
Between 1999 and 2003, the State Administration of Coal Mine Safety
(SACMS) was a sub-ministerial division supervised by the National
Commission of Commerce. The State Council rebuilt the SACMS into
the State Administration of Workplace Safety (SAWS) in 2003, and
upgraded its rank from sub-ministerial to ministerial level in 2005. The
vertically administrated system improves the transparency of perfor-
mance evaluation of coal mine safety, and renders it more difficult for
local governments and coal mining companies to collude on safety reg-
ulation.

The second set of reforms targeted the incentive of local govern-
ments. The central government reasserted a clear position on bureau-
cratic sanctions in response to severe accidents.6 Routinized perfor-
mance evaluation on safety became increasingly important in shaping
political competition. Subnational governments are required to submit
reports on workplace safety to provincial regulators on a quarterly base.

5 The Ministry of Coal was first established in 1955 as a typical U-formed organization
specializing in managing the coal industry. It was merged with the Ministry of Petroleum
and Ministry of Chemical Industry in 1970, then granted independence in 1975, abolished
in 1988, rebuilt in 1993, and again abolished in 1998.

6 The Workplace Safety Law passed in 2002 specifies legal liabilities of local regula-
tory agencies and government officials for negligence in workplace disasters. In 2005,
the State Council adopted the Special Regulations for Preempting Coal Mine Disasters, insti-
tuting rules of sanction for county and township government officials. The Administrative
Accountability for Severe Safety Disasters passed by the State Council in the same month
specifies the responsibility of provincial government officials. Due to the implementation
of the accountability system, the governor of Shan’xi province was forced to step down
following a disaster killing 277 lives in 2008.

A quarterly meeting is institutionalized to help implement the enforce-
ment of safety regulation.7

2.3. Promotion competition and neighborhood effects

We attribute the improvement in coal mine safety to changing incen-
tives of local governments. Safety tends to be salient for local leaders
when it is related to their career advancements. Regions lagging behind
on safety would then have stronger incentives to curb disasters by all
means. This implies a positive neighborhood effect under which regions
are mutually pressured by their political neighbors in a “race to safety.”
For example, it is reported that Si’chuan province was embarrassed by
its “top ranking” on the number of existing small mines (which are typ-
ically unsafe), when it was dwarfed by substantial progress in Shan’xi
province on coal mine closure. The provincial minister of workplace
safety in Si’chuan alluded to the campaign of cutting coal mine deaths
as an “unfolding competition on workplace safety.” In response to that,
the provincial bureau of workplace safety in Si’chuan set specific safety
targets and technological standards for all cities within the province.8

In principle, the patterns of neighborhood effects should exist in
regard to other kinds of accidental deaths. However, the magnitude of
neighborhood effects on a specific policy depends on its significance in
performance evaluation. The importance of coal mine safety compared
with other workplace accidents is evident in light of the establishment
of the State Administration of Coal Mine Safety in 2003, which func-
tioned as a sub-ministerial regulatory agency under SAWS. There is
no counterpart regulatory agency for other sectors. Moreover, as the
left panel of Fig. 2 demonstrates, coal mine accidents received more
intense media coverage than other domains of workplace safety did,
presumably because of the prohibitively high numbers of casualties in
severe accidents. Ubiquitous coal mine accidents were in dissonance
with “Harmonious Society,” an idea championed by President Hu Jin-
tao and Premier Wen Jiabao in the 2000s. The intense media coverage
of coal mine safety reflects its importance in the domain of workplace
safety regulation.9

In the appendix, we provide a heuristic model to clarify the theoret-
ical intuition linking political competition and neighborhood effects on
coal mine deaths. The incentive of local governments stems from the
political gain from enhancing coal mine safety and the benefits of con-
doning low-safety conditions. The model predicts that the RPE effect, as
manifested by a positive spatial correlation on coal mine deaths, tends
to dominate in the neighborhood effects when the principal attaches
enough of importance to coal mine safety in the RPE. Moreover, the
positive neighborhood effect is stronger when the agent cares enough
about the political gain associated with an improved ranking on safety.
Consequently, the model suggests that stronger interaction among coal-
producing cities is associated with an overall improvement in coal mine
safety at the national level in recent years. This implication is consis-
tent with the right panel of Fig. 2, which shows faster declines in total
coal mine deaths, but not for other types of accidental deaths in recent

7 Requirements to Enhance Workplace Safety by the State Council. (Guowuyuan
Guanyu Jinyibu Jiaqiang Anquan Shengchan Gongzuo de Jueding.) Available at: www.
china.com.cn/chinese/PI-c/483862.htm, accessed May 30, 2016.

8 “Si’chuan faces particular pressure following big cut-downs of coal mines in Shan’xi,”
article in China Energy News, March 17, 2010.

9 Even official newspapers backfired against governmental negligence potentially lead-
ing to the accidents. In response to a mass accident killing more than 140 workers in
Henan province in 2004, Legal Daily (Fazhi Ribao), a national newspaper supervised by
the Ministry of Justice, questioned whether the accident was due to natural causes or
was indeed a human-made disaster. “An reflection on the coal mine disaster in Daping,
Henan province: Hundreds of lives crying to Heaven.” (Fansi Henan Xinmi Daping Kuang-
nan: Baitiao Shengming Wen Cangtian.) http://news.china.com/zh_cn/focus/kuangnan/
11024884/20041023/11929268.html, accessed June 14, 2017. People’s Daily called for
resignation of subnational leaders after a severe disaster in Hongdong, Shanxi province
in 2007. “Should local officials resign for the recent coal mine disaster in Hongdong?”
(Shanxi Hongdong Teda Kuangnan: Shifou You Guanyuan Yinggai Yinjiu Cizhi?) http://
www.people/com.cn/GB/32306/33232/6633659.html, accessed May 30, 2016.
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Fig. 2. Salience of Coal Mine Safety. Notes: The left panel reports the number of newspaper reports on workplace accidents per coal mine worker death and overall workplace deaths.
The universe of reports includes all publicly circulated newspapers in the online database WiseNews (wisenews.wisers.net). The right panel reports the number of annual total deaths in
coal mining and other sectors. The data are obtained from the Chinese Yearbook of Workplace Safety.

years. Therefore, we concentrate on the neighborhood effect in coal
mine deaths as an indicator of political incentive.

3. Data

3.1. Sample selection

We obtain information on coal mine deaths from the online database
of workplace disasters at the website of the State Administration of
Workplace Safety (SAWS).10 Local regulatory bureaus are required
by law to report information on each disaster, including time, loca-
tion, technical causes, and number of deaths, to SAWS. We aggregate
the reported information on coal mine deaths to the city-year-quarter
level. For the purpose of examining neighborhood effects, we include
in the sample the 163 main coal-producing in 20 provinces. The coal-
producing cities included in the sample account for over 97 percent of
the total production in 2010.

The sample selection takes two steps. First, we pick out coal pro-
ducing provinces with annual production greater than 10 million tons.
In this step, we exclude six provinces with zero or very small volume
of coal production (Guangdong, Guangxi, Hainan, Qinghai, Xizang, and
Zhejiang).11 We also drop four direct-controlled municipalities (Bei-
jing, Shanghai, Tianjin, and Choingqing), because these cities have
higher administrative ranks than regular provinces do, and thus, city
leaders there may face quite different incentive contracts. In addition,
we do not include Xinjiang, as the data on coal production and other
socioeconomic variables in that province are only available for one
city, Urumqi, in this province. This renders it infeasible to empirically
examine the relative performance evaluation among coal-producing
cities. In the second step, we pick out all the cities with positive
coal productions throughout the sample period. Although the value
of coal output may be small relative to GDP in some cities, safety
stands out alone as an important issue as long as coal mines are in
operation and the risk of disaster cannot be ignored. Cities with lit-
tle coal production may have a strong incentive to compete on safety
performance because the economic cost associated with the safety
competition is small. Hence, coal mine safety carries a meaningful
weight in the incentives of city leaders even if their coal production
is small.

10 http://media.chinasafety.gov.cn:8090/iSystem/shigumain.jsp.
11 Very few cities in these six provinces produced coal during the period we examine.
Coal production in Guangdong, Guangxi, Qinghai, and Zhejiang has been decreasing over
time, and by 2006 most cities in these provinces stopped producing any coal. Hainan and
Xizang did not produce any coal during the sample period.

For the purpose of analysis, we focus on the period between 2001
and 2011. The data on coal mine disasters provided by SAWS are incom-
plete for many cities before 2001. By 2011, coal mine safety was signif-
icantly improved, and the majority of cities have had much fewer dis-
asters since then. Fig. 3 illustrates the cities that were included in the
empirical analysis, featuring the spatial distribution of coal productions
and coal mine deaths in the sample period. Table A1 in the appendix
provides a full list of the cities used for the empirical analyses.

3.2. Coal mine deaths

The main variable of interest is the number of coal mine deaths
in city i during year-quarter t. We take the logarithm of deaths,
log(1 + # deathsi,t), as the dependent variable to account for discrete
distribution in the number of deaths. The main independent variable is
the average of log deaths for all coal-producing cities that are defined
as city i’s “neighbors” in time t. We define a city j as i’s political neighbor
if j and i are located within the same province. An alternative definition
relies on geographical distance, specifying neighbors as coal-producing
cities that are located within a radius of 250 km.12 In Section 5.2, we
present the neighborhood effects based on the data from geographical,
but not political, neighbors. Distinguishing between the two types of
neighbors makes it possible to disentangle neighborhood effects due to
the RPE from the effects due to market interactions, since the RPE oper-
ates only within a province, and the market interaction goes beyond
political jurisdiction. The definitions of the two types of neighbors are
clarified by Fig. 4. In Section 5.3, we also estimate the neighborhood
effects among cities that are economically comparable, the economic
neighbors. City j is defined as city i’s economic neighbor if in 2001 the
difference in per capita GDP between the two cities is less than one
standard deviation of China’s per capita GDP.

3.3. Control variables

Coal productions and other coal-related variables We obtain
yearly data on coal production at the city level from the Statistics Year-
books of provinces and cities, as well as the Yearbooks of Coal Indus-
try. In all regressions, we control for the logarithm of coal productions
to address the correlation between the rate of coal mine disasters and
the level of production. As a robust check, we also estimate neighbor-
hood effects with regard to the death rate, and report the results in the
appendix.

12 The calculation of geographic distance between cities are the geodesic distance
between the centers of the cities. We use the National-Standard longitude and latitude
data set (GB 2206-2) as a reference for cities’ locations.
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Fig. 3. Spatial Distribution of Coal Production and Deaths: Cities in the Sample. Notes: The left panel illustrates the spatial distribution of coal productions (2001–2011 average) in the
cities included in the sample for analysis. The right panel illustrates the spatial distribution of coal mine deaths (2001–2011 average) in cities in the cities included in the sample.

Fig. 4. Political and Geographical Neighbors: An Illustration. Notes: The graphs illustrate the political neighbors, political as well as geographical neighbors, and geographical (but
not political) neighbors of Taiyuan, the capital city of Shan’xi Province. Thick (thin) polylines represent provincial (city) borderlines. Squares and dots depict administrative centers of
provincial capital cities and prefecture cities, respectively. Each of the two circles in the figures has a radius of 250 km and is centered at Taiyuan City.

Coal-related regulations We control for the number of regulatory
decrees related to coal mine safety that are enacted by each provin-
cial government in each year-quarter. The information was obtained
through a widely used database on administrative laws and government
decrees in China, using “coal mine” and “safety” as keywords.13 The
number of new regulations on coal mine safety reflects the efforts of the
provincial government to improve safety. The imposition of new regu-
latory rules is an indicator of the increasing salience of coal mine safety.
Controlling the number of coal-related regulations helps deal with
contextual interaction effects, such as provincial governments’ policy
interventions that impact city-level accidents in the same direction.

Characteristics of city leaders In Section 5.7, we examine how
neighborhood effects are shaped by the political incentives of city lead-
ers. We try to capture the incentive by exploring two characteristics

13 http://www.pkulaw.cn/.

of city leaders: whether officials are close to the promotion age limit,
and whether their birthplaces are in the same province in which they
serve. To address the age effect, we construct a dummy variable to
indicate whether a city party secretary is between ages 54 and 58. This
range is the last, and most crucial, time window for city leaders to be
promoted, due to the age limit implemented in the cadre system. We
also test whether locally born leaders respond differently to neighbors’
performance. The information on city leaders’ age and birthplace was
obtained from provincial and city yearbooks. We combine these with
Internet sources such as China Vitae and Baidu Baike.14

Ranking on coal mine deaths In Section 5.8, we look into city
heterogeneity in performance and investigate whether the safety rank-
ing may affect the incentives in responding to the neighbors’ perfor-
mance. The RPE for safety may be more critical for cities that are lag-
ging behind. We compute a measure of cities’ relative ranking on coal

14 China Vitae: http://chinavitae.com/; Baidu Baike: http://baike.baidu.com/.
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Table 1
Summary statistics.

Variable Obs Mean Std. Dev. Min Max Data Source

City-Quarter Number of Deaths

log(1 + Deaths) 7172 0.493 0.897 0 5.215 1
Avg. Neighbors’ log(1 + Deaths) 7172 0.470 0.509 0 2.867 1
log(1 + Other Work Deaths) 7172 0.258 0.629 0 5.642 1
log(1 + Total Work Deaths) 7172 0.695 0.996 0 5.642 1

City-Year Data

log(Real GDP Per Capita) (ten thousand Yuan) 7172 1.564 0.391 0.407 2.482 2
GDP Share of Secondary Industry (Percentage Points) 7172 47.577 11.624 0 85.64 2
log(Population Density) (Persons/Sq.km) 7172 2.381 0.403 0.756 3.133 2
log(Freight Transport) (Ten Thousand Tons) 7172 3.679 0.368 2.029 4.801 2
log(Coal Production) (Ten Thousand Tons) 7172 2.383 1.004 0 4.769 3, 4
1(City Party Secretary’s Age is Between 54 and 58) 7172 0.297 0.457 0 1 3, 5
1(City Party Secretary is Native) 6524 0.689 0.463 0 1 3, 5

City-Quarter Data

Ranking of Coal Mine Safety Conditions 7172 0 0.713 −1.073 5.879 1
1(Coal Mine Death > Provincial Avg.) 7172 0.225 0.417 0 1 1

Province-Quarter Data

# of Decrees by Provincial Government 7172 1.497 2.007 0 9 5

Notes: The sample covers 163 coal producing cities in 44 quarters from 2001 to 2011. For all year-level variables, the values are the same for the four
quarters within each year, and we have 7172 observations (163 cities in 44 quarters) for these variables. The safety ranking of city i in year t is computed
as rankd,i,t ≡

di,t−m(d)t
sd(d)t

, where di,t is i’s deaths in quarter t, m(d)t is the mean of all cities’ deaths in the province, and sd(d)t is the standard deviation of
coal mine deaths in all cities within the province. Some missing values in log(Coal Production) and log(Freight Transport) are linearly interpolated.
Data sources: 1. State Administration of Work Safety websites. 2. China City Statistics Yearbook. 3. Statistics yearbooks of each city and province. 4.
China Coal Industry Yearbook. 5. Internet Sources (such as China Vitae, Baidu, and Wikipedia).

mine safety among all coal-producing cities in preceding quarters, and
investigate the interaction between the ranking on safety and the mag-
nitude of neighborhood effects.

Other workplace deaths In Section 5.9, we estimate the neighbor-
hood effects with respect to deaths in other industries, including non-
coal mines, construction, and the manufacturing sector. The estimation
uses the average of (log) other workplace deaths in the “neighborhood,”
which is calculated similarly as those of coal mine deaths, as an
explanatory variable for city-level workplace death. The information
on other types of workplace deaths is obtained from the same online
database provided by SAWS.

Socioeconomic characteristics The magnitude of the neighbor-
hood effects may be correlated with cities’ socioeconomic conditions.
In most estimations, we include a rich set of variables to control poten-
tial confounding factors of coal mine deaths, including yearly data on
cities’ log real GDP per capita, neighbors’ average log real GDP per
capita, log coal production, neighbors’ average log coal production, per-
centage share of secondary industry in city-level GDP, log population
density, and log freight transport. The data for the socioeconomic char-
acteristics were collected from China City Statistics Yearbooks. Table 1
provides summary statistics for the main variables and the sources of
information.

4. Empirical strategy

The neighborhood effect on coal mine deaths is estimated by the
following SAR model:

yi,t = 𝛽
∑

j∈N(i)
𝜔ijyj,t + Xi,t𝜃 + 𝜆i + 𝜂t + t × dp + 𝜅c × dp + 𝜖it . (1)

The dependent variable, yi,t in equation (1), represents the level of
coal mine deaths in city i (of province p) throughout year-quarter t.
The main specifications measure yi,t as log(1 + # deathsi,t) to deal with
discrete distribution of the number of deaths.15 We understand yi,t as an

15 As a robustness check, in the appendix we use two alternate measures of yi,t : (1) the
hyperbolic inverse sine of coal mine deaths, and (2) the logarithm of coal mine deaths

indicator of safety performance, which is endogenously determined by
local leaders’ efforts to enhance their performance in comparison with
those of their neighbors,

∑
j∈N(i)𝜔ijyj,t . j ∈ N(i) denotes cities located

in i’s neighborhood, and in the baseline it is defined as all cities that
are from the same province p.16 Because cities mainly compete with
each other in political, rather than geographical, space we assume that
each neighbor has equal impact on the efforts of i: 𝜔ij =

1
∣∣N(i)∣∣ , where

∣∣N(i)∣∣ is the number of cities in i’s neighborhood.17 In turn, the main
parameter of interest is 𝛽, the coefficient on

∑
j∈N(i)𝜔ijyj,t .

As introduced in Section 3, 𝐗𝐢𝐭 is a vector of control variables, which
include the logarithm of real GDP per capita and coal production in
the home city, the percentage share of secondary industries, and log
population density. Because coal mine safety in neighboring cities is
also affected by the socioeconomic variables, and because these vari-
ables may be spatially correlated, coal mine deaths may be confounded
by 𝐗𝐣𝐭 for cities in the neighborhood, j ∈ N(i). Therefore, we include
the neighborhood-average corresponding to the control variables intro-
duced above.

As Manski (2000) points out, neighborhood effects may stem from
both endogenous and contextual interactions, and the identification
of endogenous interaction is susceptible to omitted variable bias due
to contextual effects. It is likely that coal mine deaths are correlated
among geographically adjacent cities with similar geological condi-
tions. Moreover, coal mine deaths in different cities may be affected
by common shocks, such as technological upgrading in the coal mining
industry or price shocks in the global market. To deal with region-level

normalized by production. The results are qualitatively identical to the baseline.
16 In a departure from research on neighborhood effects among firms and households, in
which the formation of the neighborhood is often endogenous, the scope of the political
neighborhood is exogenously given and unaffected by self-sorting.
17 In the appendix, we assign greater weights to cities with per capita GDP
rankings closer to i. For city i, the neighbor j’s weight is given by 𝜔ij =

1(j ∈ Pi )∣GDPi,2001−GDPj,2001 ∣
−1

∑
k [1(k ∈ Pi )∣GDPi,2001−GDPk,2001 ∣−1 ]

, where 1(j ∈ Pi) is a dummy indicating whether j is in

i’s province Pi , and GDPi,2001 is city i’s per capita GDP in 2001. The results again are
unchanged.
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unobservable effects, we include a set of city dummies, 𝜆i, through-
out all specifications. Including city fixed effects eliminates all time-
invariant contextual interactions. Moreover, we control for year-quarter
fixed effects, 𝜂t , which eliminates time-varying shocks that impact all
cities at the same time.

In addition to city and year-quarter fixed effects, coal mine deaths
may be shaped by dynamic policy shocks in different provinces. Provin-
cial governments have certain autonomy over safety regulation. In turn,
cities in the same province may respond to province-specific shocks and
exert correlated efforts. An ideal solution for dealing with these types
of contextual effects would be to include province-year-quarter fixed
effects. Such a method, however, is undesirable for estimating neighbor-
hood effects, provided that the main explanatory variable of interest,∑

j∈N(i)𝜔ijyj,t , is by construction highly correlated with province-year-
quarter fixed effects.18 To deal with the problem of provincial time-
varying effects, we include t × dp, a vector of provincial time trends, and
𝜅c × dp, province-specific time dummy for “two sessions.”19 Provincial
time trends capture the effects of province heterogeneity in regulation
enforcement leading to different rates of improvement on coal mine
deaths. Controlling for province-specific effects for “two sessions” helps
alleviate political cycle effects in coal mine deaths, as discussed in the
literature (Nie et al., 2013). In addition to the fixed effects, we control
for the number of regulatory statutes and decrees enacted by provin-
cial governments in each year-quarter. Coal mine-related statutes and
decrees provide an informative measure of administrative efforts on
safety enhancements varying at the province-quarter level. Thus, this
variable can be used as a proxy for dynamic provincial policy shocks.
𝜖it in equation (1) is the term for random disturbance.

The main challenge to the identification of the neighborhood effect
is the reflection problem (Manski, 1993). In equation (1), yi,t and all
yj,t for j ∈ N(i)) are simultaneously determined, and hence

∑
j∈N(i)𝜔ijyj,t

is not orthogonal to random disturbance 𝜖it . As a result, the estimate
for 𝛽 through a linear regression following equation (1) is biased. We
adopt two approaches to deal with this reflection problem. First, we
adopt the method developed by Lee and Yu (2010) to fit equation (1)
by using QML estimation. QML estimation provides a consistent esti-
mator that takes into account the endogeneity due to spatial interde-
pendence in the data, and the incidental parameter problems raised by
incorporating fixed effects. It involves data transformation in the first
step, which eliminates individual and time fixed effects, and then, in
the second step, maximizing the likelihood function conditional on the
transformed data. Different from traditional approaches of maximum
likelihood estimation, it yields consistent estimates with properly cen-
tered distributions. We provide a brief note on the QML estimation in
the appendix.

Second, we follow Fredriksson and Millimet (2002) and Aizer and
Currie (2004) to use

∑
j∈N(i)wijyj,t−1, the one-period time lag, as a substi-

tute for neighbors’ deaths in our specification. The rationale is that yj,t−1
is closely related to yj,t but not directly correlated with 𝜖it . This specifi-
cation implies a dynamic data generating-process for yi,t , and hence we
also need to include its one-period lag, yi,t−1, in the right-hand side of
the model. Formally, we revise equation (1) to the following dynamic

18 This is because the political neighborhood includes all coal-producing cities except
own city in computing

∑
j∈N(i)𝜔ijyj,t . Consequently,

∑
j∈N(i)𝜔ijyj,t does not have enough of

variation across different cities i and it is highly correlated with province-average coal
mine deaths, or province-year-quarter dummies. In the appendix, we estimate neighbor-
hood effects with a refined definition for political neighbors: all coal-producing cities that
are from the same province and whose administrative center is located within 250 km
from that of city i. This measure produces enough variation of

∑
j∈N(i)𝜔ijyj,t for different

cities i. We replicate the baseline results with additional controls of province-year-quarter
fixed effects. The neighborhood effects are positive significant and the results are close to
those in the baseline model presented in Table 2.
19 “Two sessions” refer to the annual meeting of the National People’s Congress and the
Chinese People’s Political Consultative Conference, which are often coupled with political
appointments before or afterwards.

model:

yi,t = 𝛼yi,t−1 + 𝛽
∑

j∈N(i)
wijyj,t−1 + Xi,t𝜃 + 𝜆i + 𝜂t + t × dp + 𝜅c × dp + 𝜇l + 𝜖it .

(2)

The dynamic model (2), however, introduces dynamic panel bias,
which can only be mediated for large time periods (Nickell, 1981). With
quarterly data, we have T = 44, a relatively large number of time peri-
ods for the dynamic model. For all the estimations, we cluster standard
errors at the city level. We also follow the method proposed by Con-
ley (1999) to allow spatial correlation of the error terms among cities
located within a certain distance. In turn, we report spatial standard
errors in all the linear regressions.20

5. Results

5.1. Baseline results

Table 2 presents the baseline results of neighborhood effects on coal
mine deaths, with neighbors defined as all other coal-producing cities
in the same province. The coefficient on neighbors’ average perfor-
mance, 𝛽, is the main variable of interest. A positive 𝛽 is consistent
with the existence of endogenous interactions among cities due to the
RPE. Columns 1 through 3 report the estimates based on the spatial
autoregressive model using QML estimation. The estimations adopt con-
temporaneous terms of neighbors’ deaths and do not include the lagged
dependent variables. In column 1, we control city fixed effects, year-
quarter fixed effects, and provincial time trends, along with the control
variables introduced in Section 3. The coefficient for the spatial lag
is 0.376 and statistically significant at the 0.01 level. Column 2 addi-
tionally controls for the province-specific effect of political cycles and
yields similar results. In column 3, we include province-year-quarter
fixed effects, which absorb all the provincial time trends and political
cycles. The estimate of 𝛽 is 0.334, and it remains significant at the 0.01
level. Because QML estimation accounts for all the fixed effects before
maximizing the likelihood function, the collinearity between neighbors’
averages and province-year-quarter dummies does not affect the stan-
dard errors of the estimated coefficients.

Columns 4 to 6 report the estimates based on linear regression of
specification 2, which adopts the one-quarter lag of neighbors’ aver-
age and controls for the lagged dependent variable, yi,t−1. In columns
4 and 5, the control variables respectively replicate those in columns 1
and 2. The results are qualitatively similar: the results are statistically
significant at the 0.01 level, and the estimates are smaller compared
with those obtained using contemporaneous terms in the QML estima-
tion. We also report spatial standard errors based on Conley (1999),
which yield similar results as clustered standard errors. In column 6,
we control for the provincial-year-quarter fixed effects, and the coef-
ficient drops to 0.054 and becomes insignificant. The standard error
in column 6 is more than twice as large as those in columns 4 and 5.
The large increase in the standard error in column 6 suggests consid-
erable collinearity between neighbors’ average deaths and provincial-
year-quarter fixed effects, which absorbs a large part of the variation in
the neighbors’ average deaths. In Table A2 in the online appendix, we
provide estimates with the 250 km radius being additionally imposed
as a condition for being a political neighbor. This restriction helps avoid
the collinearity problem and produces enough variation in neighbors’
average deaths while controlling for the provincial-year-quarter fixed
effects. The results based on political neighbors within 250 km are close
to the baseline results and the coefficient remains statistically signifi-
cant with the provincial-year-quarter fixed effects.

The estimated coefficients based on the contemporaneous terms are
twice as large as those based on the lagged terms. This difference

20 The Stata codes are provided by Hsiang (2010).
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Table 2
Neighborhood effects: Baseline results.

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

Dependent Variable: log(1+ # of Coalmine Deaths)

QMLE QMLE QMLE OLS OLS OLS

Avg. Neighbors’ log(1+Deaths), Same
Province All

0.376***
(0.046)

0.369***
(0.045)

0.334***
(0.040)

lag Avg. Neighbors’ log(1+Deaths),
Same Province All

0.156***
(0.039)

0.182***
(0.039)

0.045
(0.413)

lag Own log(1+Deaths) 0.071***
(0.019)

0.073***
(0.019)

0.054
(0.052)

Spatial Standard Error(200 km) [0.033]*** [0.032]*** [0.405]
Spatial Standard Error(250 km) [0.033]*** [0.032]*** [0.405]
Spatial Standard Error(300 km) [0.033]*** [0.033]*** [0.405]

Control Variables Y Y Y Y Y Y
City FE Y Y Y Y Y Y
Quarter FE Y Y Y Y Y Y
Provincial Time Trends Y Y Y Y
Provincial Political Cycles N Y N Y
Province-Year-Quarter FE N N Y N N Y
Number of Cities 163 163 163 163 163 163
Observations 7172 7172 7172 7009 7009 7009
R-squared 0.261 0.272 0.389 0.232 0.237 0.346

Notes: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. Controls include own and neighbors’ average log real GDP per
capita, own and neighbors’ average log coal production, percentage share of secondary industry, log population density, log freight transport, and the
number of laws regarding coal mine safety enacted by the provincial government. Standard errors reported in parentheses are clustered at the city level.
Spatial standard errors of the estimates for neighbors’ average deaths are reported in brackets (Conley, 1999). * Significant at 10%, ** 5%, *** 1%.

suggests that the impacts of past safety on the current performance
may decline over time, presumably because the performance evalua-
tion is conducted on a quarterly base. Hence, instantaneous interactions
among local governments due to the concern of RPE may be stronger
than those reactions to the past performance. Interestingly, as columns
4 and 5 illustrate, the lagged performance of political neighbors has a
larger impact on a city’s performance than its own past performance.
We attribute this finding to the significance of RPE in shaping the incen-
tives of city officials.

5.2. Political versus geographic neighbors

The baseline results attest to positive neighborhood effects on
coal mine deaths. However, instead of endogenous interactions under
the RPE, the neighborhood effects may stem from market interac-
tions. Political jurisdictions that are geographically close may affect
each other’s policies and development outcomes through information
spillovers and Tieboutian competition (Aidt and Franck, 2015; Belen-
zon and Schankerman, 2013; Brueckner and Saavedra, 2001; Case et
al., 1993). If that is the predominant case in coal mine safety, we should
expect two further results to follow: (1) cities respond more strongly to
political neighbors that are closer to each other; and (2) cities respond
to the safety performance of geographic neighbors that are located in
other provinces. To address this possibility, we first assess the impact
of average deaths among political neighbors within radii of 200, 250,
and 300 km. Then, we estimate neighborhood effects for geographic,
but not political, neighbors within these radii.

Panel A in Table 3 presents the estimates with the revised definitions
of neighbors. We observe that neighbors’ average deaths exert a positive
significant effect on the level of coal mine deaths in cities for all radii
between 200 and 300 km. The coefficients only slightly increase along
with expansion of the radius and size of the political neighborhood,
while the magnitude of the changes in the coefficient from columns 1
to 4 is pretty small. Columns 5 to 7 report the estimates for geographic
neighbors located in other provinces. The coefficients corresponding
to 200 and 250 km are insignificant. The coefficient associated with
neighbors within the radius of 300 km is positive and significant; how-
ever, the size of the impact is much smaller – less than one-tenth of

the estimates based on political neighbors within the radius of 300 km.
In panel B in Table 3, we report similar estimates using linear regres-
sions with lagged variables. The results resonate with the baseline esti-
mates in Table 2 and panel A in Table 3, in showing that (1) the level
of political neighbors’ deaths has a positive significant effect on cities’
own deaths, and the size of the coefficient is half those obtained from
the QML estimation using contemporaneous terms; and (2) the size of
the coefficients with political neighbors almost does not change with
the radius of neighborhood. Moreover, the estimates for non-political
neighbors are all insignificant, with coefficients being either negative or
close to zero. The results in panels A and B prompt us to conclude that
the neighborhood effects on coal mine safety that are identified in the
baseline in Table 2 are predominantly generated by endogenous inter-
actions among the cities that were evaluated and potentially in competi-
tion with each other in the same political jurisdiction, not market inter-
actions among geographically neighboring cities. Alternative channels
of neighborhood effects, such as information spillovers in market inter-
actions, have at best small effects even if they may nevertheless exist.

5.3. City hierarchy and economic neighbors

The results on neighborhood effects in coal mine safety that are
reported in Tables 2 and 3 seem to support the logic of RPE among
city officials. At the same time, the incentive of city officials to engage
in political competition may be shaped by the political ranks of lead-
ers and cities. Cities differ in their administrative ranks and level of
development. The transfer of a local leader from a peripheral city to a
central city would be considered as a promotion, even if the two cities
have the same rank at the prefecture level (Li and Zhou, 2005). Local
leaders being transferred from a prefecture-level city to a sub-provincial
city holding the same positions is considered as being promoted with-
out much ambiguity. In turn, competition may be likely to occur among
local leaders with similar de facto political status, as indicated by the
GDP ranking of cities. Yu et al. (2016) show that strategic competi-
tion on GDP growth is stronger when estimated among within-province
neighbors with similar ranking of per capita GDP than in the case of
within-province neighbors with only geographic proximity. If the logic
of RPE extends to second-dimensional issues such as coal mine safety,
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Table 3
Political neighbors versus geographical neighbors.

Panel A: QML Estimation

Dependent Variable: log(1+Deaths)

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

Cities in the Same Province Cities in Other Provinces

Avg. Neighbors’ log(1 + Deaths) 200 km
0.283***
(0.040)

250 km
0.309***
(0.041)

300 km
0.310***
(0.042)

All
0.369***
(0.045)

200 km
0.047
(0.035)

250 km
0.032
(0.018)

300 km
0.025**
(0.011)

R-squared 0.258 0.260 0.261 0.272 0.202 0.200 0.204
Number of Cities 163 163 163 163 163 163 163
Observations 7172 7172 7172 7172 7172 7172 7172

Panel B: OLS Estimation

Dependent Variable: log(1 + Deaths)

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

Cities in the Same Province Cities in Other Provinces

lag Avg. Neighbors’ log(1+Deaths) 200 km
0.123***
(0.031)

250 km
0.150***
(0.032)

300 km
0.173***
(0.035)

All
0.182***
(0.039)

200 km
0.026
(0.025)

250 km
−0.013
(0.027)

300 km
−0.038
(0.034)

lag Own log(1+Deaths) 0.077***
(0.019)

0.076***
(0.019)

0.074***
(0.019)

0.073***
(0.019)

0.081***
(0.019)

0.082***
(0.019)

0.083***
(0.0196)

Spatial Standard Error(200 km) [0.024]*** [0.026]*** [0.028]*** [0.032]*** [0.020] [0.021] [0.026]
Spatial Standard Error(250 km) [0.024]*** [0.027]*** [0.028]*** [0.032]*** [0.021] [0.022] [0.026]
Spatial Standard Error(300 km) [0.025]*** [0.027]*** [0.028]*** [0.033]*** [0.021] [0.022] [0.026]

R-squared 0.238 0.238 0.238 0.237 0.236 0.234 0.234
Number of Cities 163 163 163 163 163 163 163
Observations 7009 7009 7009 7009 7009 7009 7009

Notes: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. In all columns, city and year-quarter fixed effects, provincial time trends, and
province-political cycles are included. Controls include own and neighbors’ average of log real GDP per capita, own and neighbors’ average log coal production, percentage
share of secondary industry, log population density, log freight transport, and the number of laws regarding coal mine safety enacted by the provincial governments. Standard
errors reported in the parentheses are clustered at the city level. Spatial standard errors of the estimates for neighbors’ average deaths are reported in brackets (Conley, 1999).
* Significant at 10%, ** 5%, *** 1%.

it should be the case that the positive neighborhood effect is stronger
among political neighbors with similar per capita GDP than among
neighbors with more distant level of GDP.

To test this idea, we define two cities as economic neighbors if
the difference in their per capita GDP in 2001 is within one stan-
dard deviation across cities. We examine whether the neighborhood
effect on coal mine deaths is stronger among economic neighbors than
merely political neighbors within the same province. The results pre-
sented in columns 1 and 2 in Table 4, using the QML estimation, sup-

port this argument. Within province, economically comparable cities
have stronger interactions than economically distant cities in the same
province do, notwithstanding significant and positive interactions for
the latter group. In addition, we observe that cities do not move
along with those with similar ranks on per capita but located in other
provinces. The coefficient for neighborhood effects, if anything, is neg-
ative in Table 4. In columns 4 through 6, we reestimate the neighbor-
hood effects using linear regression with lagged variables and obtain
similar results. Overall, the pattern of neighborhood effects on coal

Table 4
Economically comparable cities.

Types of Neighbors (1) (2) (3) (4) (5) (6)

Dependent variable: log(1+Deaths)

QMLE OLS

Economic, Within Non-economic, Within Economic, Across Economic, Within Non-economic, Within Economic, Across

Avg. Neighbors’ log(1+ Deaths) 0.278***
(0.042)

0.215***
(0.037)

−0.586***
(0.223)

lag Avg. Neighbors’ log(1+ Deaths) 0.120***
(0.029)

0.058***
(0.018)

−0.206*
(0.121)

lag Own log(1+ Deaths) 0.077***
(0.019)

0.081***
(0.019)

0.081***
(0.019)

Spatial Standard Error(200 km) [0.021]*** [0.012]*** [0.110]**
Spatial Standard Error(250 km) [0.021]*** [0.012]*** [0.111]**
Spatial Standard Error(300 km) [0.022]*** [0.012]*** [0.112]**

Number of Cities 163 163 163 163 163 163
Observations 7172 7172 7172 7009 7009 7009
R-squared 0.258 0.239 0.215 0.237 0.235 0.234

Notes: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. In all columns, city and year-quarter fixed effects, provincial time trends, and province-
political cycles are included. Controls include own and neighbors’ average of log real GDP per capita, own and neighbors’ average log coal production, percentage share of secondary
industry, log population density, log freight transport, and the number of laws regarding coal mine safety enacted by the provincial governments. Standard errors reported in the
parentheses are clustered at the city level. Spatial standard errors of the estimates for neighbors’ average deaths are reported in brackets (Conley, 1999). * Significant at 10%,
** 5%, *** 1%.
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Table 5
The dynamics of the neighborhood effects: Higher order time lags.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

OLS Estimation

Dependent Variable: log(1+Deaths)

Full Sample In the Same Calendar Year Not in the Same Calendar Year

lag 1 Avg. Neighbors’
log(1+Deaths)

0.182***
(0.039)

0.214***
(0.046)

0.138**
(0.065)

lag 2 Avg. Neighbors’
log(1+Deaths)

0.082**
(0.034)

0.122**
(0.048)

0.064
(0.048)

lag 3 Avg. Neighbors’
log(1+Deaths)

0.033
(0.032)

0.072
(0.071)

0.017
(0.040)

lag 4 Avg. Neighbors’
log(1+Deaths)

-0.057
(0.037)

lag Own log(1+Deaths) 0.073***
(0.019)

0.083***
(0.019)

0.076***
(0.020)

0.073***
(0.021)

0.089***
(0.020)

0.131***
(0.024)

0.187***
(0.034)

0.048
(0.035)

0.034
(0.028)

0.053**
(0.023)

Spatial Standard Error
(200km)

[0.032]*** [0.032]** [0.032] [0.036] [0.040]*** [0.041]*** [0.065] [0.065]** [0.047] [0.038]

Spatial Standard Error
(250km)

[0.032]*** [0.032]** [0.032] [0.037] [0.040]*** [0.042]*** [0.065] [0.065]** [0.047] [0.039]

Spatial Standard Error
(300km)

[0.033]*** [0.033]** [0.032] [0.036] [0.041]*** [0.042]*** [0.066] [0.065]** [0.048] [0.040]

R-squared 0.237 0.243 0.245 0.251 0.246 0.261 0.271 0.215 0.234 0.254
Number of Cities 163 163 163 163 163 163 163 163 163 163
Observations 7009 6846 6683 6520 5379 3586 1793 1630 3260 4890

Notes: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. In all columns, city and year-quarter fixed effects, provincial time trends, and province-political
cycles are included. Controls include own and neighbors’ average of log real GDP per capita, own and neighbors’ average log coal production, percentage share of secondary industry,
log population density, log freight transport, and the number of laws regarding coal mine safety enacted by the provincial governments. Standard errors reported in the parentheses
are clustered at the city level. Spatial standard errors of the estimates for neighbors’ average deaths are reported in brackets (Conley, 1999). * Significant at 10%, ** 5%, *** 1%.

mine safety is consistent with the pattern of GDP competition docu-
mented in the previous literature. Leaders of economically compara-
ble cities are likely to be potential rivals for promotion. Hence, the
significant neighborhood effect in coal mine deaths among them may
suggest that the safety was a salient issue for the sample period we
examine.

To explore further the link between political hierarchy and the
incentives of local leaders, we supplement the baseline estimations with
two more tests accounting for cities’ ranks. We address the heterogene-
ity of provincial capitals and sub-provincial cities by interacting neigh-
bors’ deaths with dummies for the provincial capital and sub-provincial
city. The results show that the neighborhood effects are not driven by
particular patterns in these two types of cities. We also replicate the
baseline estimations with a refined spatial weights matrix in which
cities of higher economic proximity in terms of GDP ranking are given
greater weight. The results are similar to the baseline of Table 2. We rel-
egated the results of these two tests to Tables A4 and A5 in the online
appendix.

5.4. Accounting for the dynamics of political competition

In the baseline specification of Equation (2), cities only respond to
the one-quarter lag of neighbors’ safety performance. Because past per-
formance also affects yearly evaluation, it is possible that higher-order
time lags of neighbors’ deaths affect a city’s performance. Table 5 exam-
ines this possibility by using higher-ordered time lags of neighbors’
deaths as explanatory variables. From columns 1 and 2 in Table 5, we
observe that this dynamic neighborhood effect endures for two lagged
periods, that is, a window of nine months. The result in column 2
shows a decline in the magnitude of the neighborhood effect on coal
mine deaths over time.21 This is probably unsurprising, as cities might

21 In Table 5, we do not include higher-order time lags together with the one period
lag of neighbors’ performance. As a robustness check, in Table A6 in the appendix, we
include both first-order and second order lags of neighbors’ deaths in the regressions.
The coefficient on the second-order lag is no longer significant, implying that cities are
primarily responsive to current information on political competition.

already exert instantaneous efforts and respond to performance from
political neighbors in response to the quarterly RPE. Thus, the current
effort responds only partially to neighbors’ past performance. As we
observe from column 3 and 4, the magnitude of the dynamic neigh-
borhood effect shrinks after the third lagged period, that is, for 10–12
months from the current period on. Interestingly, when we restrict the
definition of past performance to those in the same calendar year, the
size of estimated coefficients increases by half, as shown in columns 5
and 6 of Table 5. By contrast, the coefficients are smaller, and signifi-
cant for only one legged period across the same calendar year (columns
8 to 10).

The discrepancy in the results for higher-order time lags between the
within-year and across-year samples is consistent with the logic of RPE
for local leaders in China, which is mainly taken on an annual basis.
Two further implications from these results are that (1) the neighbor-
hood effects on coal mine deaths should also be present among political
neighbors for yearly indicators of performance; and (2) when inves-
tigated on a yearly basis, the neighborhood effects may not exist for
performances across different years. Political promotion for local lead-
ers can occur any time throughout a political cycle. When city officials
are fully responsive, the adjustment of efforts may have been taken
promptly.

In Table 6, we estimate the neighborhood effects with QML estima-
tion, with the yearly data on contemporaneous terms. The estimations
include all the same control variables as in Table 2, as well as city fixed
effects and province-year fixed effects. The results are similar to those
obtained using quarterly data: the neighborhood effects are positive and
significant for political neighbors within the same province, but not for
geographically proximate neighbors in other provinces. Furthermore,
the ostensible difference between the estimates using contemporane-
ous terms and cross-year data suggest that the effects are not driven
by common trends in policy shocks. If that was the case, cities’ own
deaths should be spuriously associated with the higher-order time lags
of the neighbors’ safety performance, and neighbors’ performance in the
preceding year may serve as a proxy for the long-term time trends in
regulatory policies that are unrelated to the RPE. The results in Tables 5
and 6 do not support this hypothesis.
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Table 6
Neighborhood effects with yearly data.

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

QML Estimation

Dependent Variable: log(1 + Deaths)

Cities in the Same Province Cities in Other Provinces

Avg. Neighbors’ log(1 + Yearly Deaths) 200 km
0.227***
(0.043)

250 km
0.249***
(0.047)

300 km
0.249***
(0.048)

All
0.319***
(0.050)

200 km
−0.050
(0.047)

250 km
−0.021
(0.026)

300 km
−0.029
(0.017)

Control Variables Y Y Y Y Y Y Y
City FE Y Y Y Y Y Y Y
Province-Year FE Y Y Y Y Y Y Y
R-squared 0.521 0.521 0.521 0.532 0.496 0.493 0.501
Number of Cities 163 163 163 163 163 163 163
Observations 1793 1793 1793 1793 1793 1793 1793

OLS Estimation (Dynamic Effects)

Dependent Variable: log(1 + Deaths)

Cities in the Same Province Cities in Other Provinces

lag. Avg. Neighbors’ log(1 + Yearly
Deaths)

−0.0104
(0.0912)

0.0523
(0.114)

−0.154
(0.153)

−0.386
(0.639)

0.0617
(0.0685)

0.113
(0.0762)

0.0722
(0.0968)

lag. Own log(1 + Yearly Deaths) −0.0306
(0.0349)

−0.0222
(0.0351)

−0.0488
(0.0374)

−0.074
(0.086)

−0.0311
(0.0326)

−0.0315
(0.0321)

−0.0360
(0.0318)

Control Variables Y Y Y Y Y Y Y
City FE Y Y Y Y Y Y Y
Province-Year FE Y Y Y Y Y Y Y
R-squared 0.509 0.508 0.509 0.509 0.510 0.510 0.512
Number of Cities 163 163 163 163 163 163 163
Observations 1630 1630 1630 1630 1630 1630 1630

Notes: The sample covers 163 coal producing cities and 11 years from 2001 to 2011. In all columns city and province-year fixed effects are included. Controls include own and
neighbors’ average of log real GDP per capita, own and neighbors’ average log coal production, percentage share of secondary industry, log population density, log freight transport,
and the number of laws regarding coal mine safety enacted by the provincial governments. Standard errors reported in the parentheses are clustered at the city level. * Significant
at 10%, ** 5%, *** 1%.

5.5. Accounting for misreporting

The recent literature raises a legitimate concern about the quality
of administrative data in China (Fisman and Wang, 2017; Holz, 2014;
Rawski, 2001; Wallace, 2016). In the context of coal mine safety, we
need to address the possibility that the estimated neighborhood effects
are driven by contextual effects due to the quality of the official data.
Two kinds of measurement errors on coal mine deaths may pose a threat
to identification. First, local regulatory agencies may differ in their
capacity for timely processing and reporting of disasters. Although the
central government makes it mandatory for regulators to file reports
within 24 h after each coal mine disaster,22 in practice, peripheral
regions may be able to report deaths at a lower rate. Misreporting
due to limited capacity tends to bias the estimates upward, but only
if local leaders with stronger incentives cluster in regions with higher
bureaucratic capacity. The cross-region variation in bureaucratic capac-
ity should be stable over time and can be addressed by city fixed effects.

The second kind of measurement error stems from intentional cheat-
ing on coal mine accident reports. Fisman and Wang (2017) examine
accidental deaths at the province-quarter level and document a dis-
continuity in the distribution at the “death ceilings,” the self-imposed
targets of safety set by provincial governments. The discontinuity sug-
gests possible report manipulation by local governments. However, the
existence of manipulation need not undermine the estimation of the
effect of neighborhood effects on coal mine deaths, because manipula-
tion only occurs when the underlying true values of coal mine deaths
are close to the “death ceilings”. As the overall distribution of deaths is

22 The Note on the Reports and Statistics of Coal Mine Disasters and Deaths (Meitan Gongye
Qiye Zhigong Shangwang Shigu Baogao he Tongji Guiding), implemented by the Ministry of
Coal Industry on February 14, 1995. Retrieved at http://www.chinasafety.gov.cn/file/
fgmt/aqfg10.htm.

quite dispersed and in most cases far below the thresholds, it is unlikely
that manipulation alone is driving our estimates.23

We adopt two tests to investigate whether strategic misreporting
is biasing up the estimates of neighborhood effects. First, we replicate
the baseline estimations in Table 2 using the baseline sample excluding
the fourth quarter. In Fisman and Wang (2017), strategic misreport-
ing is evident only when including the fourth-quarter data. Because
local leaders pay more attentions to safety near the end of the year
when annual performance evaluations are finally conducted, this is
interpreted as evidence of manipulation. If the neighborhood effects
are driven by systematic manipulation, we should expect no results
to appear when excluding the fourth-quarter data. Panel A in Table 7
shows this is not the case. Second, we estimate neighborhood effects
with an additional interaction term between the city’s distance to the
provincial capital and the average of neighbors’ deaths. When a city
is located farther from the administrative center, the supervision cost
is higher and manipulation becomes more prevalent. Hence, farther-
away cities are more likely to manipulate and would appear to be more
“responsive.” The interaction term should be positive following this
logic. Panel B in Table 7 shows that the coefficients on the interac-
tion terms are insignificant and small. On top of that, neighbors’ per-
formance remains significant at the 0.1 level and the magnitudes of the
coefficients are similar to those in the baseline. Hence, the premise that
the estimated neighborhood effects are driven by strategic misreporting
is not supported by empirical evidence.

23 Another possibility is that city leaders may engage in two activities at the same time:
suppressing reports on coal mine disasters and exerting real efforts to improve safety. In
this case, manipulation and real efforts push the neighborhood effects toward the same
direction and it is difficult to disentangle two effects, as pointed out by Fisman and Wang
(2017).
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Table 7
Are the neighborhood effects driven by manipulation?

Panel A: Excluding All 4th Quarters

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

Dependent Variable: log(1+ # of Coal Mine Deaths)

Cities in the Same Province

200 km 250 km 300 km All

lag Avg. log(1 + Deaths) 0.129***
(0.035)

0.155***
(0.037)

0.175***
(0.037)

0.173***
(0.044)

Spatial S.E. (200 km) [0.027]*** [0.029]*** [0.033]*** [0.038]***
Spatial S.E. (250 km) [0.028]*** [0.030]*** [0.033]*** [0.039]***
Spatial S.E. (300 km) [0.028]*** [0.031]*** [0.034]*** [0.038]***

R-squared 0.239 0.241 0.241 0.240
Number of Cities 163 163 163 163
Observations 5216 5216 5216 5216

Panel B: Interacting with Distance to Provincial Capital

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

Dependent Variable: log(1+ # of Coal Mine Deaths)

Cities in the Same Province

200 km 250 km 300 km All

lag Avg. log(1 + Deaths) 0.138*
(0.058)

0.136*
(0.080)

0.144*
(0.0859)

0.149*
(0.0856)

lag Avg. log(1 + Deaths) * log(1 + Distance) −0.007
(0.072)

0.006
(0.037)

0.014
(0.039)

0.020
(0.041)

R-squared 0.236 0.238 0.238 0.237
Number of Cities 163 163 163 163
Observations 7009 7009 7009 7009

Notes: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. In all columns, city and year-
quarter fixed effects, provincial time trends, and province-political cycles are included. Controls include own and neigh-
bors’ average of log real GDP per capita, own and neighbors’ average log coal production, percentage share of secondary
industry, log population density, log freight transport, and the number of laws regarding coal mine safety enacted by the
provincial governments. Standard errors reported in the parentheses are clustered at the city level. Spatial standard errors
of the estimates for neighbors’ average deaths are reported in brackets (Conley, 1999). * Significant at 10%, ** 5%, ***
1%.

5.6. Regulatory overhauls and national political cycles

Understanding neighborhood effect through the lens of the RPE
on local leaders helps clarify the respective roles of centralization
and decentralization in shaping the overall performance on coal mine

safety. As Xu (2011) argues, the Chinese political system is both decen-
tralized and centralized. Importantly, the RPE on local leaders empower
the central government, helping translate the policy goals of the central
government into a tangible competition on specific policies. In the sim-
ple model in the appendix, we show that, under reasonable conditions,

Table 8
Impacts of policy changes at the national level.

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

Dependent Variable: log(1+Deaths)

lag Avg. Neighbors’ log(1+deaths) 0.084*
(0.048)

0.097**
(0.046)

0.240***
(0.052)

0.246***
(0.059)

lag Avg. Neighbors’ log(1+deaths) *1(After 2005) 0.140***
(0.048)

0.169***
(0.049)

lag Avg. Neighbors’ log(1+deaths) *
(Quarters to the Next Party Congress)

−0.010**
(0.004)

−0.007*
(0.004)

Control Variables Y Y Y Y
City FE Y Y Y Y
Year-Quarter FE Y Y Y Y
Province-Quarter Time Trends Y Y Y Y
Provincial Political Cycles N Y N Y
R-squared 0.233 0.239 0.234 0.238
Number of Cities 163 163 163 163
Observations 7009 7009 7009 7009

Notes: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. Neighbors are defined as all other
coal-producing cities in the same province. Controls include own and neighbors’ average of log real GDP per capita, own
and neighbors’ average log coal production, percentage share of secondary industry, log population density, log freight
transport, and the number of laws regarding coal mine safety enacted by the provincial governments. Standard errors
reported in the parentheses are clustered at the city level. Spatial standard errors of the estimates for neighbors’ average
deaths are reported in brackets (Conley, 1999). * Significant at 10%, ** 5%, *** 1%.
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Table 9
Heterogeneity in city secretaries’ age and home origin.

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

Dependent Variable: log(1+ # of Coal Mine Deaths)

lag. Avg. Neighbors’ log(1+deaths) 0.138***
(0.042)

0.166***
(0.042)

0.250***
(0.057)

0.286***
(0.059)

1(54 ≤ Age ≤ 58) −0.036
(0.032)

−0.035
(0.033)

1(City Secretary is Native) 0.040
(0.042)

0.040
(0.042)

lag. Avg. Neighbors’ log(1+deaths)*
1(54 ≤ Age ≤ 58)

0.060
(0.052)

0.056
(0.052)

lag. Avg. Neighbors’ log(1+deaths)*
1(City Secretary is Native)

−0.140**
(0.058)

−0.144**
(0.058)

Control Variables Y Y Y Y
City FE Y Y Y Y
Year-Quarter FE Y Y Y Y
Province-Quarter Time Trends Y Y Y Y
Provincial Political Cycles N Y N Y
R-squared 0.233 0.238 0.233 0.238
Number of Cities 163 163 163 163
Observations 7009 7009 7009 7009

Notes: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. Neighbors are defined as
all other coal-producing cities in the same province. Controls include own and neighbors’ average of log real GDP
per capita, own and neighbors’ average log coal production, percentage share of secondary industry, log popula-
tion density, log freight transport, and the number of laws regarding coal mine safety enacted by the provincial
governments. Standard errors reported in the parentheses are clustered at the city level. Spatial standard errors
of the estimates for neighbors’ average deaths are reported in brackets (Conley, 1999). * Significant at 10%,
** 5%, *** 1%.

Table 10
Heterogeneity in cities’ rankings on deaths.

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

Dependent Variable: log(1+ # of Coal Mine Deaths)

lag Avg. neighbors’ log(1+ Deaths) 0.123***
(0.043)

0.151***
(0.043)

0.080**
(0.039)

0.107***
(0.039)

lag Ranking of City’s Death −0.308***
(0.036)

−0.306***
(0.036)

lag 1(Deaths > Provincial Avg.) −0.095
(0.068)

−0.096
(0.067)

lag Avg. neighbors’ log(1+ Deaths)*
Lag Ranking of City’s Death

0.130***
(0.033)

0.130***
(0.032)

lag Avg. neighbors’ log(1+ Deaths)*
Lag 1(Deaths > Provincial Avg.)

0.333***
(0.051)

0.332***
(0.051)

Control Variables Y Y Y Y
City FE Y Y Y Y
Quarter FE Y Y Y Y
Province-Quarter Time Trends Y Y Y Y
Provincial Political Cycles N Y N Y

R-squared 0.248 0.253 0.241 0.246
Number of Cities 163 163 163 163
Observations 7009 7009 7009 7009

Note: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. Neighbors are defined as all
other coal-producing cities in the same province. Controls include own and neighbors’ average of log real GDP per
capita, own and neighbors’ average log coal production, percentage share of secondary industry, log population den-
sity, log freight transport, and the number of laws regarding coal mine safety enacted by the provincial governments.
Standard errors reported in the parentheses are clustered at the city level. Spatial standard errors of the estimates for
neighbors’ average deaths are reported in brackets (Conley, 1999). * Significant at 10%, ** 5%, *** 1%.

the principal may be able to shape agents’ efforts by calibrating the
incentive scheme. This result implies that the size of the neighborhood
effect on a specific policy tends to increase when the principal attaches
more importance to it. As we discuss in Section 2, the most substantial
and far-reaching reforms occurred in 2005, when SAWS was upgraded
to a ministry with direct jurisdictions over local regulatory agencies,
and when the central government implemented new rules to make sub-
national leaders, including provincial governors and party secretaries,
accountable for workplace accidents. In this context, the increased size
of the neighborhood effect in coal mine deaths is consistent with the
improvement on coal mine safety in the post-2005 years.

To examine the impact of nation-level shocks, we estimate neigh-
borhood effects with the interaction between the dummy indicating the
post-2005 years and the average of neighbors’ deaths. If the underly-
ing mechanism of the neighborhood effect is consistent with the logic
of RPE, we should observe a positive interactive term. We also inter-
act the average of neighbors’ deaths with the time span to the com-
ing National Congress of the CCP (in quarters). We expect the latter
to be negative, as moving toward the National Congress of the CCP
(decreased time span) increases the salience of coal mine safety. Table 8
presents the estimates using dynamic linear models. Columns 1 and 2
show that the neighborhood effect is stronger in the post-2005 years, a
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Table 11
Total work deaths.

Panel A: OLS Estimation

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

Dependent Variable: log(1 + Total Deaths)

Cities in the Same Province Cities in Other Provinces

200 km 250 km 300 km All 200 km 250 km 300 km

Avg. lag log(1 + Total Work Deaths) 0.092***
(0.028)

0.120***
(0.032)

0.138***
(0.034)

0.149***
(0.038)

0.022
(0.024)

−0.040
(0.026)

−0.053
(0.034)

lag log(1 + Total Deaths) 0.060***
(0.015)

0.060***
(0.015)

0.059***
(0.015)

0.057***
(0.015)

0.060***
(0.015)

0.060***
(0.015)

0.060***
(0.015)

Spatial S.E. (200 km) [0.021]*** [0.025]*** [0.027]*** [0.031]*** [0.017] [0.017] [0.026]
Spatial S.E. (250 km) [0.021]*** [0.025]*** [0.028]*** [0.031]*** [0.018] [0.017] [0.026]
Spatial S.E. (300 km) [0.022]*** [0.025]*** [0.0228*** [0.031]*** [0.018] [0.018] [0.027]

R-squared 0.167 0.168 0.169 0.169 0.167 0.167 0.167
Number of Cities 163 163 163 163 163 163 163
Observations 7009 7009 7009 7009 7009 7009 7009

Panel B: Quasi-ML Estimation

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

Dependent Variable: log(1 + Total Deaths)

Cities in the Same Province Cities in Other Provinces

200 km 250 km 300 km All 200 km 250 km 300 km

Avg. log(1 + Total Work Deaths) 0.224***
(0.049)

0.215***
(0.051)

0.246***
(0.052)

0.316***
(0.055)

0.038
(0.041)

0.029
(0.20)

0.024
(0.013)

R-squared 0.191 0.193 0.192 0.210 0.157 0.157 0.161
Number of Cities 163 163 163 163 163 163 163
Observations 7172 7172 7172 7172 7172 7172 7172

Note: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. In all columns, city and year-quarter fixed effects, provincial time trends, and province-
political cycles are included. Controls include own and neighbors’ average of log real GDP per capita, own and neighbors’ average log coal production, percentage share of
secondary industry, log population density, log freight transport, and the number of laws regarding coal mine safety enacted by the provincial governments. Standard errors
reported in the parentheses are clustered at the city level. Spatial standard errors of the estimates for neighbors’ average deaths are reported in brackets (Conley, 1999). *
Significant at 10%, ** 5%, *** 1%.

finding that is consistent with the empowerment of SAWS and improve-
ment in coal mine safety in that period. Columns 3 and 4 show that the
neighborhood effects get stronger when the date is closer to National
Congress of the CCP, a finding in accordance with the literature on
political cycles in developing countries (Block, 2002; Guo, 2009; Shi
and Svensson, 2006). We interpret both results to be supportive evi-
dence for the proposition that RPE helps induce neighborhood effects
in coal mine deaths.

5.7. City leaders’ characteristics

We explore the possibility that the response to neighbors’ safety per-
formance may vary according to city leaders’ personal characteristics.
We focus on the age and birthplace of city party secretaries. The incen-
tive for city leaders to exert effort is structured by the retirement age
limit in the Chinese system. As city leaders are mandated to retire offi-
cially at age 60, and exemptions for retirement are only occasionally
made, the political incentive for promotion competition shrinks toward
the age of 60. Indeed, city leaders are normally transferred to ceremo-
nial positions with the same rank one or two years before reaching age
60 (Kou and Tsai, 2014). By the token of electoral politics, the official
becomes a lame duck within a few years before reaching retirement
age. This reasoning implies that there may be a spike in political incen-
tive for city leaders some years before approaching the retirement age
limit. To capture this effect, we construct a dummy variable indicating
that the official is between ages 54 and 58, which is equivalent to the
length of a full political cycle right before the official becomes a lame
duck.

Columns 1 and 2 in Table 9 report the estimates of the neighborhood
effects, with neighbors’ performance interacted with the described age
dummy. The coefficient for neighborhood effects remains positive and
significant. The estimated coefficient for the interaction term is posi-

tive, but small and statistically insignificant. This result suggests that
the responses of city leaders to neighbors’ performance do not vary
with their ages. We attribute the age-invariance of neighborhood effects
to the multi-tasking situation faced by local leaders. City leaders with
strong promotion incentives do not respond more or less than other
age cohorts to coal mine safety, perhaps because competition on GDP
growth remains a primary dimension of the RPE.

We also account for the heterogeneous responses of city leaders who
were born in the same province where they served in the position of
party secretary. Following the recent literature on state-business collu-
sion in the Chinese political economy (Jia and Nie, 2015), we expect
that city leaders who were “locally” born may have lower costs to col-
lude with local mining firms, and are hence less responsive to the goal
of enhancing coal mine safety. The results in columns 3 and 4 in Table 9
show that neighborhood effect are weaker in cities where party secre-
taries have local ties measured by birthplace. By contrast, the incentive
of city leaders who were not locally born seems to be more aligned with
the goal of the central government.

5.8. Death rankings

Another source of city heterogeneity in response to the level of coal
mine deaths in political neighbors is cities’ relative status on safety
compared with neighbors’ average. Consistent with the logic of RPE,
cities falling behind on coal mine safety face a bad prospect in pro-
motion competition. City leaders may have to exert greater effort in
keeping up with neighbors, particularly when there is an overall trend
of improvement in coal mine safety nationwide. To allow for differen-
tial responses depending on cities’ safety conditions, we construct two
measures: (1) a continuous index of coal mine deaths of city i’s in time
t, Rd,i,t ≡

di,t − m(d)t
sd(d)t

, where di, t is the number of deaths in city i at time
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Table 12
Other workplace deaths.

Panel A: QML Estimation

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

Dependent Variable: log(1 + Other Work Deaths)

Cities in the Same Province Cities in Other Provinces

200 km 250 km 300 km All 200 km 250 km 300 km

Avg. Neighbors log(1 + Other
Deaths)

0.044
(0.159)

0.063
(0.171)

0.041
(0.177)

0.063
(0.168)

0.004
(0.113)

0.023
(0.107)

0.010
(0.036)

R-squared 0.025 0.023 0.025 0.028 0.025 0.023 0.024
Number of Cities 163 163 163 163 163 163 163
Observations 7172 7172 7172 7172 7172 7172 7172

Panel B: OLS Estimation

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

Dependent Variable: log(1 + Other Deaths)

Cities in the Same Province Cities in Other Provinces

200 km 250 km 300 km All 200 km 250 km 300 km

Avg. lag Neighbors log(1 + Other
Deaths)

−0.001
(0.028)

−0.012
(0.029)

0.004
(0.032)

0.012
(0.038)

−0.022
(0.019)

−0.027
(0.023)

−0.022
(0.033)

lag log(1 + Other Deaths) 0.015
(0.015)

0.015
(0.015)

0.015
(0.015)

0.015
(0.015)

0.015
(0.015)

0.015
(0.015)

0.015
(0.015)

Spatial Standard Error(200 km) [0.021] [0.022] [0.026] [0.031] [0.011] [0.015] [0.026]
Spatial Standard Error(250 km) [0.022] [0.022] [0.026] [0.032] [0.011] [0.015] [0.026]
Spatial Standard Error(300 km) [0.022] [0.023] [0.027] [0.032] [0.012] [0.015] [0.027]

R-squared 0.020 0.020 0.020 0.020 0.020 0.020 0.020
Number of Cities 163 163 163 163 163 163 163
Observations 7009 7009 7009 7009 7009 7009 7009

Note: The sample covers 163 coal producing cities and 44 quarters from 2001 to 2011. In all columns, city and year-quarter fixed effects, provincial time trends,
and province-political cycles are included. Controls include own and neighbors’ average of log real GDP per capita, own and neighbors’ average log coal production,
percentage share of secondary industry, log population density, log freight transport, and the number of laws regarding coal mine safety enacted by the provincial
governments. Standard errors reported in the parentheses are clustered at the city level. Spatial standard errors of the estimates for neighbors’ average deaths are
reported in brackets (Conley, 1999). * Significant at 10%, ** 5%, *** 1%.

t, m(d)t is the city average number of deaths in the province, and sd(d)t
is the standard deviation of city-level deaths; and (2) a dummy vari-
able indicating whether the level of the city’s coal mine deaths in time t
is above the provincial average. We then estimate neighborhood effects
with dynamic linear models, controlling for the interaction between the
safety index of city i and the average term for neighbors’ deaths.

Columns 1 and 2 in Table 10 report the estimates with the indica-
tor of cities’ safety status in the preceding quarter. The coefficient of
the lagged term Rd,i,t is negative and significant, a sign that cities with
previous higher deaths may have exerted greater effort to enhance coal
mine safety. Thus, improvements on coal mine safety may be made
in following periods.24 Moreover, the coefficient on the interactive
term between neighbors’ deaths and Rd,i,t is positive, and this suggests
stronger responses from cities that previously had more casualties com-
pared with their neighbors. In columns 3 and 4, we replace the contin-
uous index Rd,i,t with a dummy variable indicating whether the level of
coal mine deaths is above the provincial average. The dummy variable
does not appear to matter in itself; however, the interactive term is sim-
ilarly positive and significant. We interpret the asymmetric response of
cities depending on their safety ranking as suggestive evidence for the
use of RPE on coal mine safety.

5.9. Other work deaths

Coal mine safety is one of the recently improved policy domains
in China. As the logic of RPE is general, it is interesting to investigate
whether neighborhood effects exist for more comprehensive measures,

24 Note that Rd,i,t is measured by coal mine deaths, so it is inversely related to the level
of safety.

such as total and other types of workplace deaths. Tables 11 and 12
replicate the estimates of neighborhood effects in a similar fashion as
in Table 3, replacing the measure of coal mine deaths with total and
other types of workplace deaths. Table 11 documents a similar pattern
of neighborhood effects among coal-producing cities for total workplace
deaths, which exist among political neighbors but not geographic neigh-
bors from other provinces. When we turn to other types of workplace
safety, neighborhood effects do not appear to be significant, as Table 12
reports. The other workplace accidents, such as those in non-coal mines,
manufactures, and constructions, may not be a focal point in the RPE as
the deaths from other accidents constitute only a small portion of total
work deaths. Compared with coal mine deaths, there were no large
declines in the recent decades, as reported by Fig. 2 in Section 2. As
a result, strategic interactions among local governments on coal mine
safety may have been a major driving force of neighborhood effects in
total workplace deaths.

6. Conclusion

In this paper, we propose that the logic of RPE implies neighbor-
hood effects on policies with high salience, and empirically study the
effects in coal mine safety among prefecture-level cities in China. The
main finding is that the level of coal mine deaths is positively associated
with those of the cities’ political neighbors within the same province,
but not with those of their geographical neighbors from other provinces.
Although one should keep in mind the caveat that it is impractical to
exclude all contextual interactions behind the neighborhood effects,
several tests with regard to region heterogeneity and dynamic effects
suggest that inter-city competition under the RPE is a plausibly signifi-
cant force of shaping the neighborhood effects.
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Promotion competition along the line of economic growth is well
established in the political-economic literature on China, however,
less has been known about whether second-dimensional issues account
for the incentives of local leaders. Our findings echo the previ-
ous arguments that incentives of local officials may be important
in shaping the performance on second-dimensional policies such as
environmental regulation (Foulon et al., 2002; Gagnepain and Ivaldi,
2002; Zheng et al., 2014;Zhuravskaya, 2000). Like the issue of envi-
ronmental regulation, coal mine safety becomes increasingly important
for local governments in the recent years because of its salience in the
RPE for local leaders. The effects of top-down interventions on these
policies could be amplified when RPE is introduced to incentivize local
officials.

Appendix A. Supplementary data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.jdeveco.2017.10.008.
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