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Abstract: Whether authority decentralization can strengthen the effort of local governments to reduce 
environmental pollution is theoretically and practically important. Based on a reform of delegating 
power of organizing marathon games from central to local governments in China, this paper finds that 
air quality during the days of marathon games improves significantly after decentralization. Such 
results pass a series of robustness checks. Moreover, we find that the improvement of air quality during 
marathon games after authority decentralization have close relationship with official promotion 
incentives, local political cycles and the career concerns of prefectural secretaries and mayors. 
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1. Introduction  

Reducing air pollution in urban areas is one of the most active debated public policies related to 
city management, green development and energy saving around the world [1−3]. Although different 
tools have been used to control air pollution, a quite confusing feature is that even similar public 
policies can leads to different outcomes based on different governmental behaviours [4−6]. For 
example, the policy of banning vehicles from driving one day per week in Beijing can significantly 
reduce air pollution [7]. However, a similar policy taken by Tianjin, another Chinese super-sized city 
located 110 km from Beijing, has not been proved to improve air quality. The existing research does 
not pay much attention to the effects of decentralization on air pollution: it is the changes of incentives 
of local government caused by decentralization that may cause the heterogeneous effects of air 
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pollution reduction. Also, the impact of authority decentralization on organizing sports events are 
seldom considered by previous literature. Understanding the effects of local governments’ incentives 
after decentralization on reducing air pollution not only can help to reveal the logic of officials’ 
behaviours, but also is important for making effective environmental policies.  

We use Chinese authority decentralization of holding marathon games as a quasi-experiment to 
identify the causal relationship between local governments’ incentives and air pollution reduction. 
In 2015, the General Administration of Sport of China (GASC) cancelled the approval of marathon 
games nationwide. From then on, the right to hold marathon games is de facto decentralised from 
central to local governments. Since then, marathon games thrived in Chinese cities: according to China 
Marathon Annual Report (2017),1 the number of national marathon games reaches 1102 in 2017, while 
from 2012 to 2016, this number is only 33, 39, 51, 134, and 328, respectively. The decentralization of 
holding sports games from central to local governments since 2015 may strengthen the incentives of 
local government to perform better, as they do not need to petition the central government. Therefore, 
because marathon games held for the first time after 2015 is independently initiated by local 
government rather than organizing under the order or guidance by central governments, local officials 
with better understanding of local situation and more private information have stronger motivation 
perform better during marathon games. In this paper, we discuss an important outcome related to local 
governments’ effort: the reduce of local air pollution. 

 

Figure 1. Baidu trend of the key words ‘air pollution’ and ‘marathon’ from 2013 to 2017. 

We investigate the effects of authority decentralization of sports game on reducing air pollution 
for two reasons: first, severe air pollution during marathon games is an important issue in Chinese 
society. Figure 1 shows the graph of Baidu trend based on the key words of ‘air pollution’ and 
‘marathon’ searched online. The results show that when marathon games become a hot topic, the 
problem of air pollution is also closely followed by the public. This trend has been obvious since 2014, 
especially when air pollution in China has become a serious issue in recent years. According to a World 
Bank survey including 188 countries, China is the country suffering the second highest concentrations 
of PM2.5 in 2013. From 1990 to 2013, the welfare losses due to air pollution have increased by 10.9%, 
which is the second fastest growth among all countries (in India it is 7.0%) [8]. In reaction to public 
anger about air pollution and social concerns about health problems, the motivation of city officials to 
cut air pollution during marathon games is strong. Therefore, after the decentralization of sports games, 
marathon games that are independently held by local governments may have stronger motivation and 

 
1 http://www.athletics.org.cn/ 
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willingness to reduce air pollution compared to those cities that are authorized before decentralization. 
Second, the booming of marathon game gives us an opportunity to identify the causal effects of 

authority decentralization on controlling air pollution. After 2015, the right of holding new marathon 
games is decentralized to local government nationwide, which is unexpected by local governments. 
Therefore, we can estimate the causal effects of authority decentralization on air quality by comparing 
the changes of air quality during the days of marathon games before or after the enforcement of 
decentralization policy. The empirical results find that local air pollution during marathon days 
decrease significantly. More importantly, air pollution during the days of marathon games that are held 
after decentralization have a larger reduction. To investigate the mechanisms of these results, we 
further show that political cycles have a close relationship to reducing air pollution under authority 
decentralization. Furthermore, we point out that the improvement of air quality under decentralization 
will become larger with the increase of local leaders’ career concerns. 

This study deepens our understanding of how local officials are incentivised by two different 
organisational forms—decentralization and centralisation—which is important to environmental 
protection [9−13]. Also, this study helps to evaluate the efficiency of environment regulation under 
strong career concerns by using China as an example [14]. Based on the policy shock of authority 
decentralization related to holding marathon games, this study provides new evidence about the effects 
of cadre-based incentives on environmental regulation.  

This study also echoes the research related to managerial hierarchy (Kräkel, 2021; Liu and 
Migrow, 2022) [15,16]. Our findings resonate with the arguments that the decentralization of public 
organisations can influence both the economic and non-economic performances of local cities (Huang 
et al., 2017; Yu and Zhang, 2021) [17,18]. In China’s administrative hierarchy system, local leaders 
get promoted based on their performances evaluated by higher level of governments [19], and 
economic growth has been regarded as the major criteria to evaluate the capacity of officials for a long 
time [20]. Compared to existing studies, this paper explores whether decentralization can improve 
government governances from microlevel. Also, this paper shows that local governments with 
decentralized rights can improve the total efficiency in the non-economic areas such as organizing 
sports games, especially if central governments are less competent to allocating local resources. 

Furthermore, this study adds new empirical evidence about political career incentives related to 
environmental regulations. In recent decades, reducing pollution has become an important task related 
to the promotion of local leaders in China [21]. Existing research mainly studies the direct relationship 
between environmental regulation and political incentives [22]. For example, Foulon et al. [23] show 
that public disclosure can strengthen environmental performance. Zheng et al. [24] point out that there 
is a positive relationship between career promotion and pollution reduction. Jia [25] finds that the 
connection between leaders is positively associated with the pay-off of environmental pollution. Chen 
et al. [26] show that target-based evaluation system incentivizes local officials to shift their efforts 
from GDP growth to environmental performance. Gao et al. [27] consider the relationship between 
political incentives and environmental regulation on industrial land supply. Wu and Cao [28] show that 
county leaders who can reduce air pollution have higher possibility of promotion. Compared to these 
studies, we focus on the relationship between environmental regulation and political incentives at city 
level. We also prove that the improvement of air quality only last for a very short period, which implies 
the possible existence of opportunism among local leaders when making effort to reduce air pollution. 

The contribution of this paper is as follows: Firstly, based on a new perspective compared to 
previous studies, we discuss the impact of authority decentralization, which shows that air quality 
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during the dates of games will increase when cities no longer need to petition the central government 
in order to hold a marathon. Secondly, we find the positive effects of political career concerns on 
reducing air pollution by considering the events of organizing sports games, which is less considered 
by previous studies. Thirdly, the identification strategy based on high-frequency dataset can attenuate 
the endogenous problem when considering the causal relationship between authority decentralization 
and environmental regulation.   

The rest of this paper is organised as follows: Section 2 discusses the background of Chinese 
marathon games and data sources, Section 3 contains the empirical result analysis, Section 4 
investigates potential mechanisms, and Section 5 concludes. 

2. Institutional background and data 

2.1. The decentralization of holding marathon games in China 

Before 2015, a Chinese city that wants to hold new national or international marathon games 
needs to be authorised by GASC. Because of the exclusive right of GASC, the number of new approved 
marathon games is rare. The turning point came in October 2014 when Chinese State Council 
decided to accelerate the approval of mass and commercial sports events by superior authority. In 
December 2014, GASC announced the cancellation of the approval of organising national and 
international sports events. In January 2015, Chinese Athletics Association (CAA), a division of GASC, 
formally decentralized the right of holding new marathon games. 

The decentralization arouses the enthusiasm of local governments to hold new marathon games. 
There is much anecdotal evidence of the relationship between marathon games and local leader’s 
increasing efforts. As commented by Wisdom Sports Group, a Chinese listed firm, the decentralization 
by GASC gives local governments higher motivation to hold marathon games.2 Guangming Daily, 
one of the biggest official newspaper in China, pointed out that organising new marathon games has 
become a way of showing officials’ political achievements.3 Since marathon game has been regarded 
as a way to exhibit good image of city, local governments have more incentives to improve air quality 
during marathon days by putting more resources into organising games. For example, during 
Nanjing International Marathon Games in 2015, high-emission plants are required to be closed to 
reduce air pollution.4 

2.2. Data 

Marathon games. Since 2012, the CAA divides the marathon games from low to high into three 
levels: bronze, silver, and gold based on “The rating standard of Chinese marathon and related sports 
events” and “CAA marathon and related sporting events grading approach”.5  The CAA- graded 
marathon games are the top-level long-distance races in China. We manually collect these marathon 
games from China Annual Marathon Reports from 2013 to 2017 and supplement it by other online 
information. Figure 2 depicts the number of CAA-graded marathon games from 2013 to 2017 in 98 
major cities in China, which shows that the number of marathon games before 2015 is less than 30. 

 
2 http://epaper.21jingji.com/html/2016-02/29/content_33078.htm 
3 http://theory.people.com.cn/n1/2016/0122/c49157-28075423.html 
4 http://www.xinhuanet.com/politics/2015-11/06/c_128400872.htm 
5 http://www.runchina.org.cn/mlsf/text/2018013115513152.pdf 
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Since 2015, the number reaches more than 50 and continues to increase to over 90 in 2017. 

 

Figure 2. Number of CAA-graded marathons from 2013 to 2017. 

The results in Figure 3 further present the number of new marathon games from 1956 to 2017. 
The number of new marathon games is restricted to fewer than 10 before 2014. From 2015 to 2017, as 
cities have more freedoms to hold new marathon games, the number increases significantly to 24, 27, 
and 20, respectively.  

 

Figure 3. Number of new CAA-graded marathon games and associated years. 

Air pollution. The data of air pollution are collected from the Ministry of Ecology and 
Environment (MEE). Since 2013, the MEE began to use hourly air quality index (AQI), a 
comprehensive index ranging from 0-500, to measure ambient air quality based on the concentrations 
of six air pollutants: PM10, PM2.5, CO, SO2, NO2, and O3. The data are based on environmental 
monitoring stations (increasing in number in major cities from 76 in 2013 to 368 in 2016). We calculate 
the average city-level daily AQI and concentrations of each pollutant from 2013 to 2017. Figure 4 
exhibits the average AQI and the dates of marathon games based on the forty-day moving average 
method, which reflects a strong seasonality related to the values of AQI. The results based on daily 
data in Figure A1 of the appendix are much the same. The vertical red lines represent the dates of 
marathon games, which reveals that most games are organised in winters when temperatures are low. 
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In Figure A2 of the appendix, we also divide cities into two groups by considering if marathons 
were first held before or after 2015, and the daily average of AQI in these two groups also shows 
similar trends. 

 

Figure 4. Average AQI in marathon game cities and marathon game dates. (Note: Time 
series of average AQI in marathon game cities based on forty-day moving average:

 

 , the vertical line is marathon game dates.) 

Weather. Daily weather data are collected from the National Climatic Data Center under the 
National Oceanic and Atmospheric Administration (NOAA) of the United States, which contains 
temperature, wind speed, precipitation, dew point, and station pressure recorded by 499 weather 
monitoring stations around China on consecutive days. Table 1 displays the descriptive statistics of the 
key variables related to air pollution and weather. On average, the AQI of marathon cities is 78, and 
the PM2.5 and PM10 arrive at 51 and 88 μ/m3, respectively. 

Table 1. Summary statistics of key variables. 

Variable Obs. Mean Std. Dev. Min. Max. 
AQI 83,711 78.19 46.12 0 497.90 
PM2.5 (μ/m3) 83,711 50.74 39.13 0 878.82 
PM10 (μ/m3) 83,711 87.85 60.06 0 1586.01 
Average temperature (◦F) 83,711 62.11 16.31 -14.95 97.03 
Dew Point (◦F) 83,711 50.74 19.36 -24.30 83.40 
Wind speed (km/h) 83,711 5.12 2.45 0 37.35 
Air pressure (pa) 83,711 676.10 388.62 0 1037.03 
Precipitation (mm) 83,711 1.66 10.60 0 99.90 
Holiday 83,711 0.05 0.22 0 1.00 

Note: Data are collected and calculated by authors. 

Local government leaders. We manually collect the characteristics of municipal secretaries and 
mayors such as education, age and tenure from the internet. Table 2 is the summary statistics of local 
leaders from 2013 to 2017. 

Table 2. Summary statistics of local leaders’ characteristics. 

Variable  Obs. Mean Std. Dev. 
Panel A: Municipal secretary    
Age (year) 78,199 53.67 3.50 
Tenure (year) 78,199 2.09 1.62 
Second term indicator (tenure > 5) 78,199 0.05 0.22 
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Variable  Obs. Mean Std. Dev. 
Panel A: Municipal secretary    
Education indicator (PhD = 1, lower than PhD = 0) 78,199 0.35 0.48 
Turnover (Within 6 months before and after the marathon games = 1, others = 0) 78,199 0.36 0.48 
Promotion (Promoted to higher level next term = 1, others = 0) 51,051 0.48 0.50 
Panel B: Mayor    
Age (year) 78,657 52.48 3.89 
Tenure (year) 78,657 2.08 1.58 
Second term indicator (tenure > 5) 78,657 0.04 0.20 
Education indicator (PhD = 1, lower = 0) 78,657 0.23 0.42 
Turnover (Within 6 months before and after the marathon dates = 1, others = 0) 78,657 0.35 0.48 
Promotion (Promoted to higher level next tenure = 1, others = 0) 54,851 0.67 0.47 

Note: Data are collected and calculated by authors. 

3. Empirical result analysis 

3.1. Methodology 

Firstly, we estimate the impact of air pollution within an 11-day window based on Eq (1): 

5

t
5

log( ) ( )t
it i it i i t it it

t

P D decentralize f t W  




                (1) 

where decentralize  measures the effect of decentralization on air pollution, and it equals 1 if the year 
of new marathon games that are first held is after 2015, otherwise 0. itD  denotes variables related to air 
pollution such as AQI, PM2.5 and PM10 in city i at the t th day before or after marathon games. it  
represents city-year fixed effects, which can capture time-varying factors within city-level. t

iD and 
t

iD equal 1 for city i in the tth day before or after marathon games, separately. 0
iD , which is the 

variable we are most interested in, equals 1 for city i in the day of marathon games, otherwise 0. it  
depicts the dynamic effects before, during or after the games within an 11-day window; ( )if t  
includes a series of city-specific polynomial time trends from the first to third orders, which controls 
the non-linear time-varying confounding variables across cities such as nonlinear dynamic factors or 
unexpected time shocks [29−32]; t  contains holiday, year-city, week and day of week fixed effects. 
To control other un-observed variations across cities during marathon days, we include a marathon 
date dummy which equals 1 at the date when any one of the cities have marathon games. itW  is a 
vector of weather control variables as mentioned in the previous section. it is an error term. 

3.2. The level of air pollution during marathon games 

As a preliminary test, in Figure 5, we first visualize the dynamic effects of marathon on PM2.5 
and PM10 based on Eq (1). In Figure 5(A), the graph implies that the levels of PM2.5 and PM10 decrease 
significantly on the day of marathon. In Figure 5(B), we include co-pollutants of CO, NO2, SO2, and 
O3, and the graph presents similar results. These findings suggest that air pollution decreases during 
marathon games, which also is consistent with the initiation that air quality during marathon days will 
improve because of less traffic flow. In Table A1 of the appendix, we also report the effects of marathon 
games on local AQI within an 11-day window from 2013 to 2017 based on different control variables, 
and the results are much the same. 
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(A)                          (B) 

Figure 5. Dynamic effects of the marathon games on PM2.5 and PM10. (Note: Figure5(A) 
is the dynamic effects of marathon games on PM2.5 and PM10 without co-pollutants. 
Figure 5(B) is the dynamic effects of marathon games on PM2.5 and PM10 with co-
pollutants of CO, NO2, SO2 and O3.) 

3.3. The impact of decentralization on air pollution 

 

  (A)                             (B) 

 

  (C)                              (D) 

Figure 6. Dynamic effects on air pollution with cities first held marathon around 2015. (Note: 
Figure 6(A) is the dynamic effects of marathon games on AQI in cities with new marathon 
games before 2015. Figure 6(B) is the dynamic effects of marathon games on PM2.5 and 
PM10 in cities with new marathon before 2015. Figure 6(C) is the dynamic effects of marathon 
games on AQI in cities with new marathon games after 2015. Figure 6(D) is the dynamic 
effects of marathon games on PM2.5 and PM10 in cities with new marathon after 2015.) 
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In this section, we first estimate the effects of authority decentralization on air pollution by 
considering subsamples of marathon games that were first held before or after decentralization 
since 2015, separately. The dynamic results in Figure 6(A) imply that the level of AQI during the days 
of marathons that are first organised before decentralisation does not change significantly. The 
results based on PM2.5 and PM10 in Figure 6(B) are much the same. On the contrary, the results in 
Figure 6(C),(D) illustrate that air quality during the days of marathon games that are first held after 
decentralisation improves significantly. The preliminary results in Figure 6 show that authority 
decentralization has significant negative effects on reducing air pollution. 

Table 3. The effects of decentralization on Log (AQI). 

 (1) (2) 
 Temp5-25 IV Temp5-15 IV 
D–5 × decentralize -0.07 -0.03 
 (-1.63) (-0.41) 
D–4 × decentralize -0.04 0.04 
 (-0.73) (0.47) 
D–3 × decentralize -0.09** 0.01 
 (-2.02) (0.16) 
D–2 × decentralize -0.09* -0.06 
 (-1.95) (-0.57) 
D–1 × decentralize -0.05 -0.10 
 (-1.20) (-1.19) 
D0 × decentralize -0.11*** -0.20** 
 (-2.72) (-2.33) 
D+1 × decentralize -0.10** -0.15* 
 (-2.31) (-1.71) 
D+2 × decentralize -0.05 0.09 
 (-1.09) (1.03) 
D+3 × decentralize -0.06 0.07 
 (-1.33) (0.81) 
D+4 × decentralize -0.03 0.04 
 (-0.61) (0.39) 
D+5 × decentralize -0.04 0.02 
 (-0.80) (0.17) 
Weather YES YES 
City-year FE YES YES 
Week FE YES YES 
Day of week FE YES YES 
Obs. 83,578 83,578 
R2 0.48 0.48 
First stage results   
Temp × decentralize 0.57*** 0.58*** 
 (9.45) (10.37) 
F-Stat. 23.79 7.64 

Note: Robust t-statistics are reported in parentheses. Standard errors are clustered at the city level. *** p < 0.01, ** p < 0.05, * p < 0.1. 

Next, we formally consider the relationship between marathon decentralization and local air 
quality based on Eq (1). To attenuate the endogenous problem such that the improvement of air quality 
may be affected by leaders’ deliberate choices of marathon days, we construct an instrument variable 
(IV) based on marathon temperature. Specifically, a city that wants to hold marathon games should 
choose the date that meets the requirements of suitable temperatures. According to the “Grading 
approach of Marathon and related sporting events” released by the CAA, the suitable temperature for 
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marathon runners is around 15 °C. The results in Figure A3 of the appendix show that the average 
temperatures on the days of marathon games are around 15 °C. We therefore construct IV based on 
suitable temperature: if temperature is between 5 and 25 °C, the value of IV is one, otherwise 0. We 
also choose the temperature interval of 5–15 °C as a robustness check. The results based on 2SLS 
model are reported in Table 3, which reveal a negative impact of decentralization on air pollution. 
Specifically, the authority decentralization of marathon games leads to the decrease of air pollution 
during the days of marathon games (D0 × decentralize). Overall, our basic results in Table 3 prove that 
the air pollution during marathon games held after decentralization will significantly decrease by 
around 10–20%. 

3.4. Placebo checks 

One concern about the robustness of the results in Section 3.3 is that the negative effects of 
decentralization on air pollution during the days of marathon might be found by chance. In this section, 
we try to attenuate such concerns by replacing the true marathon dates with randomly selected ones 
for 1000 times within the same cities and years as a placebo test. The distribution of the coefficients 
of the interactive terms in Eq (1) based on fake marathon dates is depicted in Figure 7(A), which turns 
out that the true coefficient is at the left end tail. Figure 7(B) further shows that only 50 out of 1000 
cases of estimated terms have p-values at less than the 5% significant level, which further confirms 
the robustness of our results. 

 
(A)                          (B) 

Figure 7. The effects on air pollution results from falsely assigned dates of marathon. 
(Notes: Figure 7(A) shows the distribution of coefficients   by using OLS 
method based on randomly selected marathon game dates within each city and each year 1000 
times. Figure 7(B) shows the distribution of associated p values. The true position of 
coefficients and associated p values are shown with vertical dash line in the graphs.) 

4. Potential mechanisms 

We argue that the negative relationship between authority decentralization and air pollution might 
be caused by cadre incentives and political cycles of local leaders. In this section, we empirically 
explore some potential mechanisms based on these ideas. 
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4.1. Promotion incentives 

Local leaders with higher possibility of promotion might be more willing to take actions to 
improve air quality during the days of marathon games after decentralization. Specifically, local 
leaders with stronger career concerns will make greater effort to reduce air pollution to show their 
capabilities. We consider if it is the promotion of local leaders associated with authority 
decentralization that leads to the improvement of air quality by introducing Eq (2): 

5

t
5

log( ) + + + ( )t
it i it i it it i t it it

t

P D decentralize promote age edu tenure f t W  




            (2) 

where promote  is 1 if leader of city i  is promoted in the next term, otherwise 0. 6,7We control 
several characteristics of leaders such as age  (in years), tenure  (working years) and education  (1 
if PhD, 0 otherwise). 

The results in Columns (1) and (2) of Table 4 proves that when the promotion probability of city 
leader is high, the air pollution during marathon date will significantly decrease after marathon 
decentralization. Such results imply that promotion incentive is an important factor related to the 
reduction of air pollution after authority decentralization. In Table A2 of the appendix, the estimations 
based on 2SLS model are also similar. 

Table 4. Effects of decentralization based on promotion incentives. 

 Municipal secretary Mayor 
 (1) (2) 
 Log (AQI) 
D0 × promote × decentralize -0.18*** -0.14*** 
 (-3.12) (-2.74) 
Obs. 50,883 54,673 
R2 0.47 0.48 
 Log (PM2.5) 
D0 × promote × decentralize -0.26*** -0.18** 
 (-3.36) (-2.58) 
Obs. 50,883 54,673 
R2 0.46 0.47 
 Log (PM10) 
D0 × promote × decentralize -0.20*** -0.15*** 
 (-2.76) (-2.61) 
Obs. 50,883 54,673 
R2 0.50 0.52 
Weather YES YES 
City-year FE YES YES 
Week FE YES YES 
Day of week FE YES YES 

Note: For simplicity, the table only shows the coefficients of interactions during marathon games. Robust t-statistics are reported in 
parentheses. Standard errors are clustered at the city level. *** p < 0.01, ** p < 0.05, * p < 0.1. 

 
6 In China, a dual political system of communist party and government organs exists among each level of the political hierarchy. At a city-level, the top 
position is a municipal party secretary, followed immediately by a mayor. 
7 Follow the definition of Li and Zhou (2005), for a municipal secretary, we consider the following position changes as promotions: (1) Member of 
Standing Committee of Provincial Committee (MSCPC); (2) Provincial (vice-) Governor or Provincial (vice-) Secretary; (3) Any other positions that are 
equal to, or above, the MSCPC. As for a mayor, besides these three positions, we also consider becoming municipal secretary as a promotion in his 
political rank. As Chinese political officials have few options available outside the political system, we define other situations of local leaders as non-
promotional, which includes moving to a same-level position, retirement, or demotion. 
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4.2. Political cycles 

Political cycles are essential for local economic development. The motivations of the incumbent 
and newcomers are not the same because of the huge variation in promotion incentives, thus might 
also affect the changes of air quality during marathon games after authority decentralization. To test 
such argument, we set a dummy as turnover : if the transition of local leaders happened within six 
months before or after the dates of a marathon game, its value is 1, otherwise 0. The coefficients in 
Columns (1) and (2) reveal that if cities are undergoing local leader turnovers, the effects of authority 
decentralization will become larger. Specifically, the level of air pollution during marathon significantly 
decreases by about 18% and 14%, respectively, when secretaries or mayors are about to change. In Table 
A3 of the appendix, the results based on 2SLS model are much the same. Such results confirm that the 
reduction of air pollution during marathon days has a close relationship with political cycles. 

Table 5. Effects of decentralization based on leaders’ turnover. 

 Municipal secretary Mayor 
 (1) (2) 
 Log (AQI) 
D0 × turnover × decentralize -0.18*** -0.14*** 
 (-3.68) (-2.88) 
Obs. 78,010 78,472 
R2 0.48 0.48 
 Log (PM2.5) 
D0 × turnover × decentralize -0.23*** -0.19*** 
 (-3.33) (-2.76) 
Obs. 78,010 78,472 
R2 0.47 0.46 
 Log (PM10) 
D0 × turnover × decentralize -0.21*** -0.14*** 
 (-3.37) (-2.64) 
Obs. 78,010 78,472 
R2 0.51 0.51 
Weather YES YES 
City-year FE YES YES 
Week FE YES YES 
Day of week FE YES YES 

Note: For simplicity, the table only shows the coefficients of interactions during marathon games. Robust t-statistics are reported in 
parentheses. Standard errors are clustered at the city level. *** p < 0.01, ** p < 0.05, * p < 0.1. 

To further disentangle the heterogenous effects of political cycles on reducing air pollution after 
decentralization, we separately estimate the effects of new or old leaders based on the idea of Liu et al. [33] 
and Li et al. [34]. We construct a dummy BEF, which is 1 if the dates of marathon are less than 12 
months before the leave of the incumbent leaders, and otherwise 0. The dummy variable AFT is 1 if 
the dates of marathon are less than 12 months after new leaders take office, and otherwise 0. The results 
in Table 6 show that after marathon decentralization, leaders that will leave soon have stronger 
motivation to take actions to improve air quality during the days of marathon games. These findings 
imply that there is a stronger promotion incentive of local leaders to perform well when the probability 
of political turnover is higher. The results in Table 6 also prove the asymmetric effects of political 
turnovers on the improvement of air quality. 



14224 

Mathematical Biosciences and Engineering  Volume 19, Issue 12, 14212–14231. 

Table 6. The effects of decentralization before and after the leaders’ leave. 

 Municipal secretary Mayor 
 (1) 

OLS 
(2) 
IV 

(3) 
OLS 

(4) 
IV  

 Log (AQI) 
D0 × BEF × year2015 -0.20*** -0.29*** -0.21*** -0.23*** 

(-3.96) (-3.86) (-4.27) (-2.69) 
D0 × AFT × year2015 -0.01 -0.05 0.08 -0.08 

(-0.33) (-0.73) (1.52) (-0.91) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.48 0.48 0.48 0.48 
 Log (PM2.5) 
D0 × BEF × decentralize -0.27*** -0.43*** -0.31*** -0.37*** 

(-3.88) (-4.09) (-4.37) (-3.26) 
D0 × AFT × decentralize -0.01 -0.13 0.14* -0.11 

(-0.13) (-1.28) (1.96) (-0.87) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.47 0.47 0.46 0.46 
 Log (PM10) 
D0 × BEF × decentralize -0.22*** -0.39*** -0.22*** -0.28*** 
 (-3.42) (-4.03) (-3.67) (-2.74) 
D0 × AFT × decentralize -0.01 -0.02 0.10 -0.06 

(-0.27) (-0.20) (1.60) (-0.56) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.51 0.51 0.51 0.51 
Weather  YES YES YES YES 
City-year FE YES YES YES YES 
Week FE YES YES YES YES 
Day of week FE YES YES YES YES 

Note: The instrumental variable is temperature dummy with 5–25–degree interval. For simplicity, the table only shows the coefficients 
of interactions at the marathon date. Robust t-statistics are reported in parentheses. Standard errors are clustered at the city level. F 
statistic is for the Kleibergen-Paap rk Wald test. *** p < 0.01, ** p < 0.05, * p < 0.1. 

4.3. Career concerns 

As have been proved in previous sections, the effects of authority decentralization on air pollution 
might be affected by political returns, which reflects the career concerns of city leaders. In this section, 
we use leaders’ age as a proxy to measure career concern and its effects on reducing air pollution 
during marathon games after decentralization. In Chinese political system, prefectural leaders who are 
not promoted to higher levels usually will retire at the age of 65. Therefore, local leaders will have 
stronger motivation to reduce air pollution after authority decentralization with the increase of age 
before retirement. The results in Columns (1) and (2) of Table 7 indicate that air quality during the 
dates of marathon game will significantly improve in cities with the increase of leaders’ age after 
marathon decentralization. Specifically, local AQI will decrease by 0.2% with the increase of leaders’ 
age after decentralization. The results based on IV model in Table A4 of the appendix are similar. 

Overall, the empirical results suggest that the impact of decentralization on reducing air pollution 
during the dates of marathon has a close relationship with the political incentives of local leaders. 
Some explanations are in order. While air quality improves significantly after decentralization, the 
duration of the effects is short. Almost at the end of marathon games, the coefficients of the interaction 
terms are not significant anymore. The U-shaped dynamic effects imply the necessity to adjust the 
decentralization policy to overcome the possible opportunistic behaviours of local governments. 



14225 

Mathematical Biosciences and Engineering  Volume 19, Issue 12, 14212–14231. 

Table 7. Effects of decentralization based on leaders’ career concerns. 

 Municipal secretary Mayor 
 (1) (2) 
 Log (AQI) 
D0 × age × decentralize -0.002*** -0.002*** 
 (-3.43) (-3.32) 
Obs. 78,010 78,472 
R2 0.48 0.48 
 Log (PM2.5) 
D0 × age × decentralize -0.003*** -0.002*** 
 (-3.09) (-3.16) 
Obs. 78,010 78,472 
R2 0.47 0.47 
 Log (PM10) 
D0 × age × decentralize -0.002*** -0.002*** 
 (-3.36) (-2.66) 
Obs. 78,010 78,472 
R2 0.51 0.51 
Weather Controls YES YES 
City-year FE YES YES 
Week FE YES YES 
Day of week FE YES YES 

Note: For simplicity, the table only shows the coefficients of interactions at the marathon date. Robust t-statistics are reported in 
parentheses. Standard errors are clustered at the city level. *** p < 0.01, ** p < 0.05, * p < 0.1. 

5. Conclusions 

In this study, we investigate the impacts of authority decentralization on reducing air pollution 
based on the policy of decentralizing the right to hold marathon games by local governments. The 
empirical results show that during marathon games, local air quality improves significantly. Moreover, 
the reduction of local air pollution during the days of marathon is mainly caused by the authority 
decentralization since 2015. We also find that the effect of authority decentralization on reducing air 
pollution is closely linked to the incentives of local leaders. 

In the future, more detailed data need to be used to consider to what extent authority 
decentralization can have influence on the behaviours of local governments. Firstly, the long-term 
impact of authority decentralization on air pollution can be identified based on updated data related to 
local air pollution. Secondly, the incentives of local governments need to be further studied by 
considering spill-over effects and competing effects across different cities. Finally, the incentives of 
air pollution reduction induced by decentralization may exist in other field related to city management 
such as driving restriction, which can also be studied to better understand the effects of authority 
decentralization on air pollution. 
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Appendix 

 

Figure A1. Average AQI in marathon game cities and marathon game dates. 

 

Figure A2. Values of AQI in cities that held new marathon games before and after decentralization. 

Table A1. Dynamic effects of marathon game on Log (AQI). 

 (1) (2) (3) (4) (5) (6) (7) 
D-5 -0.024 -0.024 -0.023 -0.023 -0.011 -0.028 -0.031 
 (-1.11) (-1.11) (-1.08) (-1.08) (-0.53) (-1.35) (-1.44) 
D-4 -0.003 -0.004 -0.002 -0.002 0.003 -0.012 -0.013 
 (-0.12) (-0.18) (-0.09) (-0.10) (0.11) (-0.54) (-0.54) 
D-3 -0.045** -0.047** -0.044* -0.044* -0.044* -0.052** -0.055** 
 (-1.98) (-2.08) (-1.94) (-1.94) (-1.96) (-2.48) (-2.41) 
D-2 -0.050** -0.052** -0.049** -0.049** -0.050** -0.057*** -0.061** 
 (-2.05) (-2.14) (-2.02) (-2.02) (-2.04) (-2.69) (-2.53) 
D-1 -0.027 -0.029 -0.027 -0.027 -0.023 -0.028 -0.041* 
 (-1.25) (-1.35) (-1.22) (-1.22) (-1.03) (-1.45) (-1.88) 
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 (1) (2) (3) (4) (5) (6) (7) 
D0 -0.056** -0.056** -0.055** -0.055** -0.043* -0.042** -0.057** 
 (-2.47) (-2.46) (-2.44) (-2.44) (-1.89) (-2.01) (-2.49) 
D+1 -0.052** -0.051** -0.051** -0.051** -0.035 -0.024 -0.044** 
 (-2.37) (-2.33) (-2.34) (-2.34) (-1.61) (-1.22) (-1.99) 
D+2 -0.024 -0.025 -0.024 -0.024 -0.012 -0.016 -0.022 
 (-1.16) (-1.17) (-1.13) (-1.13) (-0.58) (-0.85) (-1.05) 
D+3 -0.027 -0.029 -0.026 -0.026 -0.019 -0.013 -0.020 
 (-1.21) (-1.30) (-1.18) (-1.19) (-0.86) (-0.62) (-0.90) 
D+4 -0.006 -0.009 -0.006 -0.006 -0.005 0.007 0.003 
 (-0.28) (-0.40) (-0.24) (-0.25) (-0.21) (0.31) (0.13) 
D+5 -0.010 -0.012 -0.009 -0.009 -0.012 -0.004 -0.011 
 (-0.39) (-0.49) (-0.37) (-0.37) (-0.49) (-0.18) (-0.43) 
Weather YES YES YES YES YES YES YES 
Holiday YES YES YES YES YES  YES 
Year-City FE YES YES YES YES YES  YES 
Week FE YES YES YES YES   YES 
Day of week FE YES YES YES YES YES  YES 
Month FE     YES   
Date FE      YES  
Marathon date 
dummy 

      YES 

City time trends No 1st 2nd 3rd 1st 1st 1st 
Obs. 83,578 83,578 83,578 83,578 83,578 83,589 83,578 
Adj. R2 0.481 0.481 0.481 0.481 0.467 0.548 0.483 

Note: Robust t-statistics are reported in parentheses. Standard errors are clustered at the city level. *** p < 0.01, ** p < 
0.05, * p < 0.1. 

 
A                            B 

Figure A3. Distribution of temperature at marathon day. (Note: Figure A3(A) is the 
distribution of temperature in cities during marathon games which were first held before 2015; 
Figure A3(B). is the distribution of temperature in cities during marathon games which 
were first held after 2015.) 
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Table A2. Effects of decentralization based on leaders’ heterogeneous promotion statuses. 

 Municipal secretary Mayor 
 (1) (2) (3 (5) 
 OLS IV OLS IV 
 Log (AQI) 
D0 × promote × decentralize -0.171*** -0.217* -0.132*** -0.153* 

(-3.05) (-1.92) (-2.68) (-1.82) 
Obs. 50,883 50,883 54,673 54,673 
R2 0.474 0.474 0.484 0.484 
 Log (PM2.5) 
D0 × promote × decentralize -0.256*** -0.372*** -0.174** -0.252** 

(-3.30) (-2.66) (-2.53) (-2.25) 
Obs. 50,883 50,883 54,673 54,673 
R2 0.460 0.460 0.470 0.470 
 Log (PM10) 

D0 × promote × decentralize -0.191*** -0.278** -0.142** -0.242** 
(-2.69) (-2.23) (-2.53) (-2.38) 

Obs. 50,883 50,883 54,673 54,673 
R2 0.502 0.502 0.515 0.515 
 First stage results 
Temp × promote × decentralize  0.508***  0.448*** 
  (6.97)  (8.96) 
F-Stat.  48.60  80.23 
Weather Controls YES YES YES YES 
City-year FE YES YES YES YES 
Week FE YES YES YES YES 
Day of week FE YES YES YES YES 

Note: The results are based on the equation as follows: 

 
The instrumental variable is 5–25–degree temperature dummy. For simplicity, the table only shows the coefficients of 
interactions during marathon games. Robust t-statistics are reported in parentheses. Standard errors are clustered at the city 
level. *** p < 0.01, ** p < 0.05, * p < 0.1. 

Table A3. Effects of decentralization based on leaders’ turnover. 

 Municipal secretary Mayor 
 (1) (2) (3) (4) 
 OLS IV OLS IV 
 Log (AQI) 
D0 × turnover × decentralize -0.178*** -0.216*** -0.134*** -0.221*** 

(-3.63) (-2.99) (-2.90) (-2.79) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.480 0.480 0.479 0.479 
 Log (PM2.5) 
D0 × turnover × decentralize -0.220*** -0.360*** -0.183*** -0.324*** 

(-3.28) (-3.67) (-2.79) (-2.96) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.465 0.465 0.464 0.464 
 Log (PM10) 
D0 × turnover × decentralize -0.205*** -0.289*** -0.141*** -0.230** 

(-3.31) (-3.06) (-2.66) (-2.51) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.508 0.507 0.506 0.506 

Continued on next page 
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 First stage results 
Temp × turnover × decentralize   0.568***  0.570*** 
  (9.43)  (10.27) 
F-Stat.  88.89  105.50 
Weather Controls YES YES YES YES 
City-year FE YES YES YES YES 
Week FE YES YES YES YES 
Day of week FE YES YES YES YES 

Note: The results are based on the equation as follows: 

 
The instrumental variable is temperature dummy with 5-25-degree interval. For simplicity, the table only shows the 
coefficients of interactions at the marathon date. Robust t-statistics are reported in parentheses. Standard errors are clustered 
at the city level. *** p < 0.01, ** p < 0.05, * p < 0.1. 

Table A4. Effects of decentralization with leaders’ heterogeneous promotion statuses. 

 Municipal secretary Mayor 
 (1) (2) (3) (4) 
 OLS IV OLS IV 
 Log (AQI) 
D0 × age × decentralize -0.002*** -0.004*** -0.002*** -0.004*** 

(-3.39) (-3.45) (-3.29) (-3.14) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.480 0.480 0.479 0.479 
 Log (PM2.5) 
D0 × age × decentralize -0.003*** -0.006*** -0.003*** -0.006*** 

(-3.06) (-3.95) (-2.97) (-3.70) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.465 0.465 0.464 0.464 
 Log (PM10) 
D0 × age × decentralize -0.002*** -0.004*** -0.002*** -0.004*** 

(-3.33) (-3.56) (-3.11) (-3.12) 
Obs. 78,010 78,010 78,472 78,472 
R2 0.508 0.507 0.506 0.506 
 First stage results 
Temp × age × decentralize  0.464***  0.439*** 
  (13.24)  (12.89) 
F-Stat.  175.28  166.08 
Weather Controls YES YES YES YES 
City-year FE YES YES YES YES 
Week FE YES YES YES YES 
Day of week FE YES YES YES YES 

Note: The results are based on the equation as follows: 

 
The instrumental variable is 5-25-degrees temperature dummy. For simplicity, table only shows the coefficients of 
interactions during marathon games. Robust t-statistics are reported in parentheses. Standard errors are clustered at the city 
level. *** p < 0.01, ** p < 0.05, * p < 0.1. 
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