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ABSTRACT 
 China has launched lots of environmental policies 

to address the serious air pollution. The effectiveness of 
such kinds of policies are still in debate. Whether the 
policy makes a difference or not, this article argues that 
it highly depends on policy targets recognition. To take 
the motor vehicle restriction policy as an example, the 
target of the policy may not only focus on developing the 
air condition, but also other objectives. This on-hand 
article conducts a regression discontinuity design to test 
two goals of Zhengzhou city’s motor vehicle restrictions 
policy which are efficiency target (“help to complete the 
political assessment goal”) and legitimacy target (“help 
to achieve pollution control goal”). This article measures 
the former goal based on daily data and the latter one 
based on monthly data, both from Jan. 2016 to Dec. 
2018. Air quality is selected by monthly air monitoring 
station, economic activities data is sorted from the 
official statistic website, and government action data is 
collected from the government documents by hand 
which we follow seriously and scientifically coding rules. 
Other factors, like climate influences, consumption and 
production behavior, are also controlled in the 
experiment. Regression results show that the restriction 
policy doesn’t make an obvious difference on developing 
the air quality before and after, but it does have 
statistically significant effect on helping the urban 
government to achieve the political assessment goal of 
the so-called “Qualified days”. The experiment also 
adjusts the bandwidth of the policy timing. The results 
obtained were highly robust across a variety of tests. 
What’s more, to make explanations on the restriction 

policy failure, this article collects the vehicle selling data 
and gasoline consumption data during the same period 
to test the policy spillover effect on consumer behavior. 
Results show that the driving restriction policy lead to an 
obvious otherwise slight increase on consumers’ 
behavior of buying a second car or using the alternative 
car. This study contributes to empirical evidence and add 
to a new case of researches on the air pollutants 
governance and policy evaluation. 
 
Keywords: Policy Analysis, Motor Vehicle restriction 
policy, Regression discontinuity design. 

NONMENCLATURE 
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1. INTRODUCTION 
Policy analysis is becoming more and more 

important in scientific decision-making. In recent years, 
China has formulated a large number of policies in 
response to climate change, and cities are also 
considered to be front-line positions for addressing 
environmental climate issues. The effects of urban 
environmental policies have been widely debated by 
economists. Based on the data of different measure 
levels and different research methods in the same case, 
scholars will even draw inconsistent conclusions. This 
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seems to be a mystery. Is China's urban environmental 
policy effective? 

As one of the measures to control air pollution, the 
policy of motor vehicle restriction has been debated 
since 1990s. At present, the existing literature mainly 
studies Mexico, Sao Paulo, Bogota, Beijing, Lanzhou and 
Xi'an, respectively, from the perspective of 
administrative regulations, economic benefits, road 
traffic and air quality. Since the inception of the policy of 
motor vehicle restriction, many people have studied its 
effectiveness, from multiple perspectives, methods and 
in-depth mechanism, which have brought great 
inspiration to readers and relevant researchers. 
However, most of them neglected the policy objectives 
themselves, which means the initial target of one 
environmental policy may not target on environment 
development. Especially under the target assessment 
institute in China, it is bias to simply take the motor 
vehicle restriction policy objectives as pollution control, 
for example.  

We must recognize that the key to environmental 
policy effectiveness assessment is how to effectively 
identify and confirm the policy objectives of 
environmental policies. However, economists often 
ignore the identification of policy processes and policy 
objectives. For example, the goals of many 
environmental policies may not be directly related to 
environmental protection itself. There are many cases in 
China. For example, motor vehicle restrictions, coal to 
gas and other policies. In this case, the discussion on 
issues such as “whether the policy helps to improve the 
environment” is very unobjective. Policy analysts are 
better at looking at issues from the policy process. This 
paper is based on the perspective of policy science. The 
important preconditions and research background of the 
article are: China's "Target Responsibility Assessment 
System" in the field of energy and environmental 
economy has Chinese characteristics. On the one hand, 
it is an important institutional guarantee for China to 
deal with the problems in the field of energy and 
economic environment. On the other hand, it must also 
recognize its distortion of China's urban environmental 
policy objectives 

This paper takes Zhengzhou City, a city in central 
China, as an example, mainly because the policy of motor 
vehicle restriction implemented in Zhengzhou City on 
December 4, 2017 meets the quasi-natural experimental 

 
1Relevant information comes from the 3rd Henan Province 3E (Energy-

Eco-Environment) Development Forum and Seminar on Smog Management 
Strategy on September 2, 2017. More than 60 experts, scholars and government 

officials from the local National Development and Reform Commission, the 

conditions, and it is also a microcosm of China's urban 
energy and environment policy.  

Based on the theory of policy process, one of our 
previous paper (Zhang et al. 2019) uses qualitative 
research method to analyze the decision-making process 
of Zhengzhou's motor vehicle restriction policy, and 
identifies and quantifies the policy objectives of 
Zhengzhou's motor vehicle restriction policy. The result 
shows that the decision-making goal of Zhengzhou's 
motor vehicle restriction policy contains two 
connotations: efficiency and legitimacy. Based on the 
connotation of efficiency, the main goal of implementing 
the policy of motor vehicle restriction is to complete the 
assessment goal of the 2013 to 2017 Air Pollution 
Prevention and Control Plan. The improvement of air 
pollution is only to improve the wording of the legitimacy 
of the policy. We can see the desire of urban regulators 
for environmental improvement, but we cannot see their 
long-term consideration from the decision-making 
action. This paper is to use quantitative analysis 
technology of regression discontinuity design to evaluate 
the policy effects of Zhengzhou motor vehicle restriction 
policy efficiency target (“help to complete the political 
assessment goal”) and legitimacy target (“help to 
achieve pollution control goal”). 

2. METHODOLOGY 

2.1 Rationale 

On December 4, 2017, Zhengzhou City implement-

ed driving restriction policy ， more than 1.1 million 
vehicles with a single number were limited to be on the 
road. Therefore, this day provides a perfect break for 
evaluating the impact of the restricted policy on air 
quality. Through the combing of information on policy 
makers, experts, scholars, and news reports, there are 
several key pieces of information that allow us to confirm 
that this study can use regression discontinuity design:  

First, the driving restriction is the only policy shock. 
Zhengzhou issued driving restriction policy in the last 
month before the assessment of the "Air Pollution 
Prevention and Control Plan", through interviews with 
relevant government personnel, dialogues with experts 
and scholars1, etc., it can be confirmed that Zhengzhou’s 
driving restriction policy was introduced after all 
available measures were used. This means a series of 
other policy that improve air quality exist before the 

Academy of Social Sciences, the Academy of Environmental Sciences, the 

School of Geosciences, the Chemical Society, the Energy Efficiency 
Technology Association, and many local universities and research institutes 

discussed the “Zhengzhou Haze Management: Methods, Paths and Actions ” 
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implementation of the driving restriction policy;  
Second, Zhengzhou's driving restriction policy is 

aimed at short-term sprint. The main policy objective of 
the restriction policy is to complete the assessment of 
the air pollution control plan and to achieve the short-
term air assessment target. This study uses regression 
discontinuity design to estimate the short-term effect of 
the policy before and after cut-off is scientific and 
reasonable;  

Third, the driving restriction policy is strictly 
exogenous. Subjectively, the more serious a local 
pollution is, the more likely the government is to adopt 
policies such as vehicle restrictions, so there seems to be 
a two-way causal relationship between the restrictive 
policy and air pollution. However, according to the 
relevant theories of the Chinese government's decision-
making process (consultation-consensus model, Chen 
Ling2) and interview information, air pollution affects the 
probability of policy implementation, but it has no effect 
on the time of policy implementation. In other words, air 
pollution indicators such as AQI only affect the 
probability of policy implementation, but it does not 
affect the time of policy implementation. In fact, air 
pollution in 2016 is significantly more serious than in 
2017, but the driving restriction policy only began in 
2017. It can be seen that the policy decision itself is not 
directly affected by the air pollution level. The regression 
analysis of the AQI and the policy start time during the 
sample period has no significant relationship (Fig. 1). 
Therefore, Zhengzhou's driving restriction policy is 
strictly exogenous, and policy implementation is a direct 
factor affecting changes in air pollution indicators. Air 
pollution levels are not a direct factor in policy 
implementation.  

In summary, the key hypothesis of this paper is that 
the only reason for the discontinuous change of air 
pollution on the day of Zhengzhou's driving restriction 
policy is that the vehicles are restricted, which means the 
change of air quality index is completely caused by the 
driving restriction policy. This is especially noticeable at 
the daily measure level. By flexibly controlling the 
nonlinearity of air pollution, using polynomial time 
trends to control other factors, etc., the assessment of 
the policy effect of the restriction is not affected by other 
variables that affect the smooth change of air quality 
before and after its implementation. On this basis, we 
have reason to believe discontinuous changes in air 
quality are caused by the restrictive policy. Therefore, 

 
2 Chen Ling. Institutions, Elites and Consensus Seeking Framework for 

China's Policy Process (Public Management Frontier Series) [M]. Beijing: 

Tsinghua University Press. 2011. 

the policy effect can be identified by estimating the air 
quality before and after the driving restriction in 
Zhengzhou. 

 
Fig 1 Exogenous Test of AQI(X) and Policy Date(Y) 

2.2 Model 

The theoretical model is as follows:    
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Where 𝑦𝑡 is measured by the daily and monthly Air 

Quality Index (AQI) or the concentrations of PM2.5、

PM10 、 SO2 、 CO 、 NO2 、 O3  at time t.  𝑃𝑜𝑙𝑖𝑐𝑦𝑡 
represents the driving restriction in Zhengzhou, which 
takes a value of one for all days after December 4, 2017, 
otherwise, takes a value of zero. The coefficient of 
interest, 𝛽1, is the effect of the driving restriction policy. 
The vector 𝑝(𝑡)  contains a fourth-order polynomial 
time trend to flexibly control time-series variation in air 
quality that may occur without the implementation of 
motor vehicle restrictions. The vector of covariates,  𝑥𝑡, 
represents several control variables of the policy 
including: season, temperature, wind level, rainfall, 
snowfall, heating, industrial added value above the scale, 
and the area under construction. 𝜇𝑡 is the error term. 

3. DATA 

3.1 Data and resource 
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The main pollutants in the air are industrial dust, 
motor vehicle exhaust, building dust, ground dust and 
secondary pollutants generated by chemical reactions of 
other pollutants. Meteorology and season are also 
important factors affecting air quality. Since the 
restriction policy is implemented in winter, the air quality 
is greatly affected by the heating policy in northern 
China. Therefore, in order to eliminate the interference 
of the above factors on the identification of Zhengzhou's 
driving restriction policy, this paper incorporates the 
industrial added value above designated size of the city, 
the area under construction, refined oil product sales, 
automobile sales, heating, weather, and seasonal factors 
into the regression equation. The relevant data are all 
passed the adaptive test. 

Since the relevant environmental protection and 
pollution control policies in Zhengzhou City are in a 
relatively stable state in 2016, the relevant assessment, 
reward and punishment system is completed, and the 
monthly sample size is required. This paper uses the 
relevant data of Zhengzhou from January 1, 2016 to 
December 31, 2018. 

3.2 Descriptive statistics  

Air quality index (AQI) and various pollutant 

(PM2.5、PM10、SO2、CO、NO2、O3) concentrations 
have declined after the implementation of the driving 
restriction policy. Among them, the concentration 

of SO2
3、PM2.5 and PM10 decreased greatly, which was 

41.33%, 13.46% and 23.1% lower than before, and AQI 
decreased by 9.41%. The number of good air quality days 
in the month 4  have no significant change after the 
implementation of the policy or was slightly higher than 
before. The daily data showed that the air quality index 

(AQI) and PM2.5 、 CO 、 NO2  concentration were 
slightly lower than the air pollutant concentration during 
the implementation of the limit policy, and the 
concentration of SO2  and the particulate matter was 
greatly reduced, which was consistent with the monthly 
data. According to the air quality index and various 
pollutant concentration data in the sample interval, it 
can be intuitively observed that the implementation of 
the restriction policy will cause the concentration of 
various pollutants to decrease slightly in the short term, 
which shortens the Peak interval of pollution 

 
3 Xue Zhao, Wei Cheng, Junxian Hou. A review of the development of 

desulfurization and denitrification industry in 2017[J]. China’s Environmental 

Protection Industry, 2018(07):10-24. According to the relevant information of 

China National Environmental Protection Industry Association Desulfurization 
and Denitrification Committee, the significant reduction in the concentration of 

concentration in winter of each indicator compared with 
the same period of 2017. Preliminary descriptive 
statistics show that there may be a negative correlation 
between Zhengzhou's driving restriction policy and air 
pollution levels. Next, through empirical analysis, the 
impact of Zhengzhou's motor vehicle restriction policy on 
air quality is more strictly quantified. Next, the impact of 
Zhengzhou’s driving restriction policy on air quality 
would be more rigorously quantified through empirical 
analysis. 

Table 1 Statistical characteristics of main variables 
Variables Unit Obs Mean Std.dev Min Max 

AQI / 1096                          120.664 62.902 28 500 

PM2.5 ug/m³ 1020                         70.162 59.480 9 608 

PM10 ug/m³ 1021                          124.851 75.581 16 692 

SO2  ug/m³ 1094                           21.814 13.425 3 98 

CO ug/m³ 1079 1.248 0.563         .5 5.6 

NO2 ug/m³ 1095                          53.403 20.265 17 160 

O3 ug/m³ 1079                           106.883 59.090 5 285 

Maximum 

temperature 
℃ 1096                          21.110 10.315 -2 39 

Minimum 

temperature 
℃ 1096                          11.482 10.052 -10 29 

Wind level / 1096           1.723 1.041 0 5.5 

Rainfall  0 or 1 1096             0.023    0.149 0 1 

Snowfall  0 or 1 1096          0.244      0.429 0 1 

Heating 0 or 1 1096 0.332    0.471 0 1 

The 

industrial 

added value 

above 

designated 

size 

One 

billion 

yuan 

36 27.264                5.213 16.97 37.49 

the area 

under 

constructio

n 

Ten 

million 

square 

meters 

36 13.683                 2.519 9.18 18.64 

Refined oil  

product 

sales  

Ten 

thousand 

tons 

36 15.689              1.324 11.07 17.47 

Automobile 

sales  

One 

thousand 

vehicles 

36 44.371                                 12.098 26.85  81.95  

4. ANALYSIS RESULTS 

4.1 Daily data analysis on “help to complete the political 
assessment goal”   

We first use the single difference method (OLS) to 
analyze the impact of the driving restriction policy. The 

SO2 in Zhengzhou is mainly related to the industry, especially the ultra-low 

emissions of the power industry. 
4  The monthly good days of AQI and sub-indicators are calculated 

according to the “Ambient Air Quality Standards” (GB3095-2012) and the 
“Environmental Air Quality Index (AQI) Technical Regulations (Trial)” 

(HJ633-2012) issued by the Ministry of Environmental Protection. 
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results show that the implementation of Zhengzhou’s 
driving restriction policy contributes to the improve-
ment of air quality whether or not control covariates, 
but it is not significant. Next, we use RD regression to 
eliminate the bias of regression results caused by 
endogeneity. 

Table 2 Validity of the driving restriction policy: 
OLS regression (daily) 

 （1） （2） （3） （4） 

The driving  

restriction 
policy 

-3.392 

(-0.89) 

-4.139 

(-1.07) 
  

Day relative to 

the 
implementation 

date 

  
-0.008 

(-1.28) 

-0.004 

(-0.57) 

Temperature 
1.178*** 

(5.02) 

2.074*** 

(6.72) 

1.180*** 

(5.04) 

2.070*** 

(6.71) 

Wind level 
-5.263*** 

(-3.08) 

-5.047*** 

(-3.00) 

-5.092*** 

(-2.95) 

-5.274*** 

(-3.10) 

Rainfall 
-15.030 

(-0.86) 

-13.413 

(-0.77) 

-15.628 

(-0.90) 

-13.712 

(-0.79) 

Snowfall 
-18.447*** 

(-5.18) 

-13.616*** 

(-3.71) 

-18.459*** 

(-5.19) 

-13.570*** 

(-3.70) 

Summer  
-25.877*** 

(-6.37) 
 

-25.568*** 

(-6.28) 

Autumn  
-12.612*** 

(-3.36) 
 

-11.993*** 

(-3.11) 

Winter  
22.265** 

(2.44) 
 

21.915** 

(2.42) 

Heating 
64.677*** 

(10.07) 

52.613*** 

(6.41) 

64.155*** 

(10.01) 

52.601*** 

(6.43) 

Sample size 1096 1096 1096 1096 

Note: The standard deviation in parentheses is modified by 
heteroscedasticity and sequence correlation, * p < 0.1, ** p < 
0.05, *** p < 0.01. 

Figure 2 shows the regression discontinuity graph of 
daily air quality index in the fourth-order polynomial 
fitting time trend. According to the chart, it can be 
intuitively found that the air quality index has a 
downward breakpoint on the day the policy is 
implemented. The daily AQI is reduced, which means air 
quality has improved due to the implementation of the 
driving restriction policy. The specific regression results 
are shown in Table 3: 

Table 3 shows the regression discontinuity results for 
daily AQI at different bandwidths. Under different policy 
windows from 4 days to 42 days, whether the covariates 
are controlled or not, the implementation of the driving 
restriction policy has a significant positive effect on the 
improvement of air quality, significantly reducing AQI by 
60-187. In other words, the policy improves air quality at 
least 2-3 level. Therefore, Zhengzhou’s driving restriction 
policy significantly reduces the air quality index in the 

short term, which is helpful for the short-term sprint of 
policy tasks. 

Table 3 The effectiveness of the driving restriction policy:  
RD regression (daily) 

 AQI 

 No covariate Covariate  Bandwidth 

（1） 
-183.823*** 

(-52.90) 

-187.711*** 

(-4.79) 
4.248 

（2） 
-85.900 

(-1.33) 

-135.716*** 

(-2.64) 
8.495 

（3） 
-109.089** 

(-2.10) 

-127.889** 

(-2.55) 
12.743 

（4） 
-114.698*** 

(-2.79) 

-110.624** 

(-2.39) 
16.990 

（5） 
-114.975*** 

(-2.94) 

-93.961** 

(-2.17) 
21.238 

（6） 
-120.799*** 

(-3.20) 

-89.527** 

(-2.23) 
25.486 

（7） 
-126.025*** 

(-3.41) 

-85.013** 

(-2.21) 
29.733 

（8） 
-123.826*** 

(-3.55) 

-77.429** 

(-2.17) 
33.981 

（9） 
-121.942*** 

(-3.65) 

-68.803** 

(-2.09) 
38.229 

（10） 
-119.673*** 

(-3.70) 

-60.315** 

(-1.97) 
42.476 

Note: The standard deviation in parentheses is modified by 
heteroscedasticity and sequence correlation., * p < 0.1, ** p < 
0.05, *** p < 0.01. 

 

Fig 2 The regression discontinuity graph of  
daily air quality index 

Further, the paper gives the daily average 
concentration regression discontinuity graph and results 
of six major pollutants under the time trend of the 
fourth-order polynomial fitting. It is preliminarily 
concluded that the implementation of the policy will 
reduce vehicle emissions, thereby reducing the 
concentration of PM2.5, PM10, NO2 and CO in the air 
to improve air quality. After controlling the covariates, 
the regression results at different bandwidths all showed 
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that the driving restriction policy reduced the 
concentrations of PM2.5 and PM10 significantly. Under 
the 27-day window, the limit policy significantly reduced 
the NO2 concentration. In the 10-day window, the limit 
policy made the CO concentration drop significantly. 
Regardless of the bandwidth, the limit policy does not 
significantly change the concentration of O3. Since the 
vehicle emissions do not contain O3 , this provides a 
counterfactual verification for this paper. (Due to space 
limitations, the figure is omitted)  

4.2 Monthly data analysis on “help to achieve pollution 
control goal” 

Based on the discussion of monthly data in the past 
relevant research and the assessment interval of policy 
target, and to explore the impact of the restricted policy 
on the monthly measure of air quality including 
information on people's behavioral changes, We first use 
the single difference method (OLS) to analyze the impact 
of the policy based on monthly data. The results show 
that under the control of different relevant covariates, 
the effect of the limit policy is not significant for the 
monthly mean value of AQI and the number of good air 
quality days. In other words, there is no result indicates 
that the driving restriction policy is beneficial to the 
realization of the policy objectives. The possible reason 
for this paper to explore here is that monthly measure 
data ignores features such as changes in people's travel 
behavior. This will be further explained later. 

Considering that the monthly OLS regression results 
are not reliable, and at the same time, a series of related 
industrial production adjustments, such as “Shut down” 
and “Limited production”, which cannot be directly 
observed, make the introduction of variables have 
certain endogenous problems. Reflected in the OLS 
regression results, there may be deviations or abnormal 
values, such as the increase in building area, but inhibit 
pollution. So next, we use regression discontinuity design 
to eliminate the bias caused by endogeneity. 

Figure 3 shows the regression discontinuity graph of 
monthly air quality index in 4th-order polynomial fitting 
time trend. In the month of implementation of 
Zhengzhou’s driving restriction policy, there is a 
downward breakpoint in the air quality index, which 
means the air quality has improved due to the 
implementation of the policy. The specific regression 
results are shown in Table 5. 

 
 
 
 

Table 4 Validity of the driving restriction policy:  
OLS regression (monthly) 

Note: The standard deviation in parentheses is modified by 
heteroscedasticity and sequence correlation, * p < 0.1, ** p < 
0.05, *** p < 0.01. 

 

Fig 3 The regression discontinuity graph of  
monthly air quality index 

Table 5 shows the regression discontinuity results of 
monthly AQI and good air quality days based on 
triangular kernel density function estimation in three 
different bandwidths. Under the optimal bandwidth 
estimated by the IK method, whether the control 
covariate is controlled or not, the implementation of the 
driving restriction policy does not cause a significant 
change in the monthly air quality index. The regression 
result of the good air quality days of month shows that 
the number of monthly good air quality days was 
significantly reduced by about 8-9 in the eleven months 
after the implementation of the driving restriction policy. 
Therefore, no result indicates that the implementation of 
Zhengzhou’s driving restriction policy will help increase 
the number of days of good air quality or reduce the 
number of days of air pollution, which is not conducive 
to the completion of long-term policy objectives. 

    Air quality index    Good air quality days 

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

The driving 

restriction policy 

13.679 

(1.10) 

14.491 

(1.20) 

-2.068 

(-0.63) 

-1.067 

(-0.31) 

Summer 
15.754* 

(1.92) 

8.098 

(1.03) 

1.587 

(0.51) 

1.514 

(0.49) 

Winter 
38.683*** 

(4.15) 

58.825*** 

(6.09) 

-1.981 

(-1.02) 

-2.025 

(-0.89) 

The industrial 

added value above 

designated size 

2.101*** 

(3.30) 

1.661** 

(2.12) 

0.084 

(0.33) 

0.085 

(0.35) 

The area under 
construction 

-9.358*** 

(-3.60) 

-5.264** 

(-2.27) 

0.791 

(1.07) 

0.605 

(1.2) 

Automobile sales 
1.227*** 

(3.26) 

 

 

-0.025 

(-0.23) 
 

Refined oil sales   
8.836*** 

(3.33) 
 

0.338 

(0.55) 

N 36 36 36 36 
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Table 5 The effectiveness of the driving restriction policy: RD 
Regression (Monthly) 

 Air quality index Good air quality days 

 （1） （2） （3） （4） 

1/2 optimal 

bandwidth 

27.130* 

(1.70) 

0.000 

(.) 

-8.987*** 

(-9.91) 

-9.153*** 

(-4.29) 

4.289 4.904 5.493 5.493 

Optimal 

bandwidth 

25.266 

(1.08) 

55.562*** 

(2.72) 

-8.140*** 

(-3.38) 

-8.479*** 

(-4.43) 

8.579 9.807 10.985 10.985 

2 times 

optimal 

bandwidth 

26.534 

(1.54) 

20.675 

(1.47) 

-2.700 

(-0.81) 

-0.207 

(-0.06) 

17.157 19.614 21.970 21.970 

covariate NO YES NO YES 

Sample size 36 36 36 36 

Polynomial 

order 
4 4 4 4 

Note: The standard deviation in parentheses is modified by 
heteroscedasticity and sequence correlation, * p < 0.1, ** p < 
0.05, *** p < 0.01. 

Inevitably, there are some unobservable factors in 
the monthly data, and there may still be endogenous 
problems in the regression results. In addition, the 
driving restriction policy of Zhengzhou was implemented 
at the end of 2017, so the monthly sample size is 
relatively small, which may also lead to deviations in the 
model regression results. This makes the interpretation 
of the monthly regression results limited, so the next 
step is to reduce the observation scale of the data. By 
regressing the daily air quality index and the main air 
pollutant concentration data, the results would be more 
stable and reliable. 

4.3 Why policy have no effect on air pollution control? 

Based on the above analysis, it can be concluded that 
the contribution of Zhengzhou’s driving restriction policy 
is limited in reducing the monthly average of AQI and 
increasing the number of good air quality days in the 
month. The empirical results show an insignificant 
positive correlation. In order to further analyze why the 
driving restriction policy has no significant effect on 
improving air pollution at the monthly observation level, 
this paper has made a preliminary judgment through the 
exploration and analysis: the driving restriction policy 
restricts the motor vehicle on the road in the short term 
(this paper uses the gasoline consumption as the proxy 
variable). Because no measures such as restriction of 
purchase have been taken at the same time, consumers 
tend to buy a second car to avoid the impact of the policy 
on personal travel within a certain period of time when 
the policy is implemented (this paper uses the purchase 

volume of new cars as the proxy variable). Therefore, the 
hypothesis that can be tested is initially drawn: the 
influence of Zhengzhou’s driving restriction policy on 
gasoline consumption will be reduced first and then 
increased; the effect of driving restriction policy on 
automobile consumption (lag period) will be significantly 
increased.  

Fig 4 The regression discontinuity graph of monthly sales of 
automobiles and refined oil products 

From the regression discontinuity graph (Fig.4) of 
monthly sales of automobiles and refined oil products 
under the 4th-order polynomial fitting time trend, it can 
be seen that the car sales volume in the left figure 4 has 
an upward breakpoint after the implementation of the 
driving restriction policy. Therefore, we can think that 
the implementation of the driving restriction policy has a 
certain stimulating effect on the car sales. The picture on 
the right does not show a sudden change in the volume 
of refined oil sales after the implementation of the 
policy.  

After controlling the seasonal factors, the 
implementation of the driving restriction policy has 
caused a short-term rise in car sales and gasoline 
consumption. The results showed that the consumption 
of gasoline increased significantly in the 3-4 months after 
the implementation of the policy, the policy effect was 
0.56, and car sales showed no insignificant positive 
impact. In the 6-7 months after the implementation of 
the policy, the volume of the vehicle sales increased 
significantly, and the policy effect was 11.79. During the 
same period, the consumption of gasoline has increased 
significantly too. The policy effect has gradually 
disappeared in about 12 months. In addition, relevant 
research indicates that the implementation of the 
restriction policy has caused the average speed of 
primary and secondary roads in Zhengzhou to increase 
by nearly 20% in the morning, and the passenger flow of 
taxis increased by about 26.5% compared with the same 
period. The passenger flow of subways increased by 
110,000 times, an increase of 16.1% over the same 
period of last week. Therefore, we infer that the 
implementation of the restrictive policy reduced the 
total emissions of automobiles and improved the air 
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quality by enabling most people to turn to the 
environmentally friendly commuting tools at the 
beginning. During the period, some consumers chose to 
purchase a second car. The policy effect is gradually 
diluted. However, due to the lack of long-term used car 
transaction data and public transportation data in 
Zhengzhou, we are unable to accurately determine the 
behavior changes of consumers under the impact of the 
driving restriction policy, which needs to be further 
explored and verified. 
Table 6 The regression discontinuity results of refined oil and 

 automobile sales 

Note: The standard deviation in parentheses is modified by 
heteroscedasticity and sequence correlation., * p < 0.1, ** p < 
0.05, *** p < 0.01. 

5. DISCUSSION AND CONCLUSION 
This paper is to use quantitative analysis technology 

of regression discontinuity design to evaluate the policy 
effects of Zhengzhou motor vehicle restriction policy 
efficiency target (“help to complete the political 
assessment goal”) and legitimacy target (“help to 
achieve pollution control goal”). It is an innovation to 
take use of different data level to elaborate the different 
targets evaluation. The results showed that within 43 
days after the implementation of the policy, the policy of 
motor vehicle restriction had significant negative effects 
on air quality index (AQI), PM2.5, PM10, etc. It could 
reduce the air quality index by 60-187, that is to say, 
within one month after the implementation of the policy, 
it could strive for a better number of days (to help 
achieve the sprint target of power air quality 
assessment); however, within 3-8 months after the 
implementation of the policy, the monthly air quality 
index could be reduced by average 60-187. Limitation 
policy has no significant positive effect on monthly AQI, 
but has significant negative effect on monthly fine-air-
quality days in 5-11 months. The restriction policy has no 
effect on improving air quality long run. 

Considering why the motor vehicle restriction policy 
is not effective in the long-term performance, through 
exploratory analysis, the article finds that the 
implementation of the motor vehicle restriction policy 

may have a significant impact on residents' travel 
behavior. This paper tested the hypothesis of policy 
spillover effect on gasoline and vehicle markets. The 
paper further identifies the impact of motor vehicle 
restriction policy on residents' travel behavior through 
automobile sales data and gasoline consumption data. 
The test shows that the gasoline consumption decreases 
significantly within 3-4 months of policy implementation, 
while the automobile sales show no significant positive 
impact. During 6-7 months of policy implementation, the 
automobile sales increase significantly, and the gasoline 
consumption increases significantly during the same 
period. Therefore, the implementation of motor vehicle 
restriction policy is only conducive to the short-term air 
quality assessment to reach the standard sprint, the 
effect of improving air pollution is very little.  

The results of this analysis also have an explanation 
for other environmental policies in Chinese cities. It 
shows that under the pressure of the Chinese 
characteristics assessment system, the decision of the 
city-level government on environmental issues is short-
sighted. Although in the short term, the policies adopted 
are rational and effective. But in the long run, urban 
environmental policies are irrational and have poor 
results. 

The innovation of this paper is that it makes up for 
the deficiency of paying insufficient attention to the 
policy process and policy objectives with Chinese 
characteristics in the past energy and environment policy 
evaluation studies. The treatment of endogenies in this 
article is also a good reference for other related research. 

ACKNOWLEDGEMENT 
This paper is supported by the National Natural 

Science Foundation of China (Grant NO. 71173996 and 
714730070), Humanity and Social Science Youth 
Foundation of Ministry of Education of China (Grant NO. 
18YJC790219), and State Grid Science and Technology 
Research Project (Contract NO. SGFJJY00GHJS1900003). 

REFERENCE 
 [1] J. Lelieveld, J. S. Evans, M. Fnais, D. Giannadaki, & A. 
Pozzer. The contribution of outdoor air pollution sources to 
premature mortality on a global scale. Nature 2015; 
525(7569), 367-371M. (Reference to a journal publication) 
[2] Ebenstein, A., Fan, M., Greenstone, M., He, G., Yin, P., Zhou, 
M. Growth, Pollution, and Life Expectancy: China from 1991-
2012. American Economic Review (Papers and Proceedings) 
2015; 105(5), 226-231. (Reference to a journal publication) 
[3] Liu, Fang, Zhang, Wang, Bao, & Li. The effect of natural and 
anthropogenic factors on haze pollution in Chinese cities: A 

 Refined oil sales Car sales 

 （1） （2） （3） （4） （5） （6） 

No  

covariate 

0.535 -0.230 -1.700* 13.106 18.750 10.411 

(1.42) (-0.23) （-1.80） (1.17) (1.21) (1.07) 

Covariate 
0.560** 0.810*** -0.174 10.260 11.790*** 5.331 

(1.13) (2.20e+8) (-0.16) (1.45) (1.86e+14) (0.74) 

Bandwidth 3.155 6.309 12.618 3.813 7.625 15.25 



 9 Copyright ©  2019 ICAE 

spatial econometrics approach. Journal of Cleaner Production 
2017; 165, 323-333. (Reference to a journal publication) 
[4] Barwick, P. J., Li, S., Rao, D., Zahur, N. B. The Morbidity Cost 
of Air Pollution: Evidence from Consumer Spending in China. 
NBER Working Paper, No.24688, 2018.  
[5] Siqi Zheng, Jianghao Wang, Cong Sun. Air pollution lowers 
Chinese urbanites' expressed happiness on social media. 
Nature Human Behaviour, Mar 2019; Volume 3, Part 3: 237-
243. (Reference to a journal publication) 
[6] Zhiling Guo, Heidi Qunhui Xie, Peng Zhang, Yali Luo, Tuan 
Xu, Yiyun Liu, Hualing Fu, Li Xu, Eugenia Valsami-Jones, Patricia 
Boksa, Bin Zhao, Dioxins as potential risk factors for autism 
spectrum disorder. Environment International 2018; Volume 
121, Part 1: 906-915. (Reference to a journal publication) 
 [7] Viard, V. Brian, and Shihe Fu. The Effect of Beijing’s Driving 
Restrictions on Pollution and Economic Activity. Journal of 
Public Economics, May 2015; Volume 125, 98–115. (Reference 
to a journal publication) 
[8] Troncoso, De Grange, & Cifuentes. Effects of environmental 
alerts and pre-emergencies on pollutant concentrations in 
Santiago, Chile [J]. Atmospheric Environment 2012; 61, 550-
557. (Reference to a journal publication) 
[9] Davis, L. The Effect of Driving Restrictions on Air Quality in 
Mexico City. Journal of Political Economy 2008; 116(1), 38-81. 
(Reference to a journal publication) 
[10] Salas, C. Evaluating Public Policies with High Frequency 
Data: Evidence for Driving Restrictions in Mexico City 
Revisited. IDEAS Working Paper Series from RePEc, 2010.  
[11] Lin, C., Zhang, W., & Umanskaya, V. The Effects of Driving 
Restrictions on Air Quality: São Paulo, Bogotá, Beijing, and 
Tianjin. IDEAS Working Paper Series from RePEc, 2011.  
[12] Zhang, Lin Lawell, & Umanskaya. The effects of license 
plate-based driving restrictions on air quality: Theory and 
empirical evidence. Journal of Environmental Economics and 
Management 2017; 82(C), 181-220. (Reference to a journal 
publication) 
[13] Troncoso, De Grange & Cifuentes. Effects of environment-
tal alerts and pre-emergencies on pollutant concentrations in 
Santiago, Chile. Atmospheric Environment 2012; 61, 550-557. 
(Reference to a journal publication) 
[14] Chen, Jin, Kumar, & Shi. The promise of Beijing: Evaluating 
the impact of the 2008 Olympic Games on air quality. Journal 
of Environmental Economics and Management 2013; 66(3), 
424-443. (Reference to a journal publication) 
[15] Sun, Zheng, & Wang. Restricting driving for better traffic 
and clearer skies: Did it work in Beijing? Transport Policy 2014; 
32, 34-41. (Reference to a journal publication) 
[16] Chen, Y., Ebenstein, A., Greenstone, M., & Li, H. Evidence 
on the impact of sustained exposure to air pollution on life 
expectancy from China’s Huai River policy. Proceedings of the 
National Academy of Sciences 2013; 110(32), 12936–12941. 
(Reference to a journal publication) 
[17] Lee, D., Lemieux, T. Regression Discontinuity Designs in 
Economics. Journal of Economic Literature 2010; 48(2), 281-
355. (Reference to a journal publication) 


