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Measuring policy leakage of Beijing’s car ownership restriction

ABSTRACT

In response to severe traffic congestion and air pollution, Beijing introduced a car ownership re-
striction policy to curb growth in the number of private cars in the city. However, Beijing residents
can still purchase and register their cars in neighboring cities and this “leakage” may substantially
reduce the policy’s effectiveness. Using city-level data collected from the CEIC China Premium
Database, we aim to quantify the spill-over effect: the impact of Beijing’s policy on the growth of
private car registrations in neighboring cities. We first deploy a synthetic control method to create
a weighted combination of non-treated cities for each treated city. We then employ a difference-in-
differences approach to estimate the policy leakage. Our models suggest that the policy resulted in
additional 443,000 cars sold in the neighboring cities (within 500 km of Beijing) from 2011-2013,
compared to if the policy had not been implemented. 35%-40% of the car growth reduction stipu-
lated by the policy simply spilled over to neighboring cities. The significance of the policy leakage
necessitates positioning Beijing’s urban transportation in a broader context and executing regional
collaboration.

Keywords: Beijing, car ownership, policy, policy leakage, license plate lottery, synthetic control,
difference-in-differences, treatment effects
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1. INTRODUCTION

Beijing, China, has experienced rapid motorization over the past decades. Driven by urbanization
and extraordinary economic growth (with GRP growing at about 13% a year from 2003-2010), the
stock of Beijing’s private cars increased from 929,000 in 2003 to 3,566,000 in 2010 (40). This
motorization has also given rise to problems such as air pollution and traffic congestion. With
an annual average PM10 concentration of 121 micrograms per cubic meter in 2010, Beijing often
ranked among the worst Chinese cities in terms of air quality, significantly exceeding World Health
Organization recommended limits (28). In 2010, Beijing was also ranked as one of the most con-
gested cities in the world (23).

In response to these issues, Beijing’s city government developed a series of traffic demand man-
agement strategies. Early approaches included a parking restriction system in 1998, a vehicle
purchase tax in 2004, and a low-cost public transportation policy in 2007 (40). Realizing that these
approaches were not enough, Beijing used the 2008 Olympic Games as a unique opportunity to
implement the first city-wide private car use restriction in China. Due to the effectiveness of the
regulation during the Olympic period, the city then shifted to a long term one-day-per-week driv-
ing restriction policy (32). Despite temporary traffic relief in 2008 and 2009, continued private car
registrations in Beijing during 2009 and 2010 gradually brought Beijing’s traffic congestion back
to the level observed prior to the implementation of the use restriction (40).

This led Beijing to adopt a complementary car ownership restrictions policy in 2011, which limits
the number of private car licenses that are allowed to be registered in the city through a lottery
allocation mechanism, effectively capping the number of new local car sales (39). According to
this policy, a license plate is required if a resident wants to buy a new car, buy a second-hand car,
accept a gifted car, or transfer a non-local car registration to Beijing. And there is a fixed quota of
car license plates that are allocated among residents monthly or bimonthly.

Potential Effectiveness of Beijing’s Car Ownership Restriction Policy

From its implementation in January 2011, Beijing’s car ownership lottery allocated about 240,000
licenses a year (20,000 a month) until 2013, after which the annual quota was reduced to 150,000.
Comparing this small number of private cars allocated to the high growth-rate of car numbers prior
to policy implementation (529,000 additional cars from 2008-2009, or an 23.11% annual growth
rate) as well as to the high number of entrants now waiting for a license in the lottery suggests
that the policy has been effective in curbing growth in new vehicle ownership (28). Informed
by studies of car ownership restriction auctions in Singapore and Shanghai (16, 24, 25, 38, 46),
researchers have attempted to estimate the impact of Beijing’s car ownership restriction lottery
on the number of cars in the city. Yang et al. (2014) found that in the first few years after the
adoption of the policy, growth in the number of cars in Beijing has been sharply reduced (40).
Zhang (2014) estimated that the license plate lottery policy was responsible for a reduction of
approximately 1.053 million vehicles from 2011-2013 (42). However, these studies often fail to
account for potential noncompliant behavior that may reduce the effectiveness of the policy.

Potential Ineffectiveness of Beijing’s Car Ownership Restriction Policy
Given the limited jurisdictional reach of Beijing’s policy, there is potential for noncompliance by
residents. In Shanghai, survey studies investigating the issue of noncompliance at the individual-
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level have shown that a significant proportion (28%) of drivers obtained their car licenses plates
from neighboring municipalities rather than participating in that city’s auction policy (20). And
anecdotal evidence suggests similar behavior from residents of Beijing, who may purchase and
register cars in neighboring cities rather than participate in the lottery (31, 35). For instance, one
news article published in March 2011 reported that nearly 1,000 Beijing residents had applied for
new car license plates in the city of Langfang in Hebei Province specifically “to circumvent the
capital’s car registration lottery” (19). In 2013, another article reported that drivers in Beijing
who spend an extra 1,500 yuan ($250) can obtain a license plate from Zhuozhou in Baoding city,
Hebei—about an hour’s drive from Beijing (26).

Procuring a residence permit may be one obstacle for Beijing residents to register their cars in
other cities to circumvent the ownership restriction. For example, to register a car license plate in
neighboring Hebei province, a residence permit in Hebei is required alongside with a car purchase
certificate and ID of the person who wants to obtain the license plate. In practice, however, these
residence permits are relatively easy to obtain for cities outside of Beijing. News articles suggest
that the property ownership or renter certificates needed were relatively easy to obtain in the early
years of the policy, with many individuals procuring them through friends or family in the area or
third-party agents who created a “black market” for these permits (7).

Therefore, there is significant anecdotal evidence that non-compliant behavior in response to Bei-
jing’s car ownership restriction may have resulted in “policy leakage.” However, to date no study
has attempted to test the significance or measure the magnitude of the policy leakage from Beijing’s
car ownership restriction policy.

Our Approach: Quantifying Policy Leakage

In this study, we take an in-depth look at potential leakage around Beijing’s car ownership restric-
tion policy to better understand the real effectiveness of this policy in reducing the total number
of new private cars in the city.! Using difference-in-differences analysis, this study isolates the
causal effect of the implementation of Beijing’s car ownership restriction policy on the growth of
private cars in neighboring cities. The underlying logic is that any statistically anomalous growth
of private cars in these neighboring cities can be attributed to Beijingers obtaining non-local li-
cense plates from these cities to bypass the car ownership restriction in Beijing. Acknowledging
that other socio-economic factors may also contribute to the rise of private car sales in neighbor-
ing cities, we use the synthetic control method to control for these confounding variables. This
approach allows us to assess the amount of policy leakage of Beijing’s car ownership restriction,
and quantify the actual reduction of new private cars sold in and around Beijing after the policy
intervention. Then accounting for this policy leakage, we consider how effective Beijing’s car
ownership restriction actually was in reducing private car growth in the region.

The rest of the paper is organized as follows. Section 2 describes our data and econometric models.
Section 3 present our main results quantifying the policy leakage in neighboring cities. Section 4
then compares this policy leakage to the hypothetical number of private cars avoided by Beijing’s

"For this study we consider private cars, or sedans owned by individuals. In 2010, private cars accounted for 91.2%
of all the privately-owned vehicles (including coaches, motorcycles, and three-wheelers) in Beijing according to the
City Yearbook.
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policy in the absence of any policy leakage (assuming no policy leakage). This gives us an esti-
mate of the actual effectiveness of Beijing's policy, accounting for policy leakage. Section 5 then
discusses potential implications of these ndings for policymakers in Beijing and its surrounding
cities. We conclude by summarizing our ndings and noting areas for future research in Section 7.

2. DATA AND ECONOMETRIC MODELS

In this study, we use a difference-in-differences (DID) approach to estimate the impact of Beijing's
car ownership restriction policy on the number of private cars in Beijing's neighboring cities. This
method quanti es the differential effect of a “treatment” (the implementation of Beijing's car own-
ership restriction policy) on a “treatment group” (Beijing's neighboring cities) versus a “control
group” in a quasi-natural experiment. The validity of this approach rests on the assumption that
the treatment and control groups would have followed the same trend in private car growth during
the study period in the absence of the treatment. Therefore the choice of study period, treatment
group, and control group are critical modeling decisions to ensure accuracy of the results.

Data
We take as our dependent variable the total number of cars in each city. The independent variables
include:

1. Socioeconomic characteristics of the cities, including administrative area per capita,
GDP per capita, total registered population, average wage per capita, and average gov-
ernment expenditure per capita in yuan;

2. Urbanization rate;

3. Statistics on the coverage of the transportation network and availability of alternative
modes, such as highway lengtm)(per 1,000 persons, road areg’) per capita, taxi
number per 1,000 persons, and bus number per 1,000 persons.

We collect these data for 287 cities in China for the period 2006-2013 from CEIC's China Pre-
mium Databaselb). We then manually veri ed and supplemented the data using information
from China's City Statistical Yearbook for each year provided by the National Bureau of Statistics
and other provincial and municipal statistical yearbooks.

Based on previous literatur2q, 36, 4}, we argue that this set of independent variables covers the
main variables that might explain car ownership levels over time or across cities. By controlling for
these variables, we can be con dent that our measured difference in number of private cars in the
pre- and post-treatment period is due to the implementation of the policy and not some time trends
or city-to-city variations in socio-economic variables or urban and transport system characteristics.

Study Period

On December 13, 2010, Beijing announced an unof cial plan to cap private car registrations. Only
11 days later (on December 24, 2010), Beijing froze all new car registrations until the license plate
lottery policy took effect on January 1, 20140§.? Therefore, we take the years up until 2010 as
our pre-treatment period and 2011 onward as our post-treatment period.

2The time window between announcement and implementation of the policy was so short that anticipatory car
purchasing at the end of 2010 was likely very limited.
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Speci cally, we model private car ownership trajectories from 2006-2013 in each city, with 2006-
2010 as the pre-treatment period and 2011-2013 as the post-treatment period. While data are
available for years after 2013, we choose this cutoff to avoid potential bias introduced by the
adoption of similar car ownership restrictions in other Chinese cities starting in 2014: including
Tianjin (December 15, 2013), Hangzhou (March 26, 2014), and Shenzhen (December 31, 2014)
(34). To avoid sudden increase in car sales just before the implementation of these policies, each
of these policies went into effect almost immediately after their announcements. The choice of
treatment period also avoids any confounding effect from a change in Beijing's related car use
restriction policy in 2014, which reduced the valid period for non-local car driving permits from
half a year to 7 days, making it more dif cult for non-local cars to drive in Beijing.

Treatment Group Selection

Using Geographic Distance to De ne a Treatment Boundary

We choose to use geographic distance to Beijing to de ne our treatment group. We assume that
nearby cities will be more affected by Beijing's car ownership restriction policy compared with
other cities. The policy leakage is likely to be stronger in neighboring cities of Beijing than in
other cities far from Beijing for two reasons. First, it is less cost and time consuming to travel
to neighboring cities for car registration and annual inspectif. (Second, a great number of
immigrants in Beijing originate from these neighboring cities. This might suggest that cities geo-
graphically close to Beijing may also be close in terms of social distance; in other words, Beijing
residents have stronger connections with nearby rather than far-away cities. For example, neigh-
boring Hebei Province accounted for 21.3% of Beijing's immigrant population in 2015, well ahead
of second-place Henan which was the origin of 11% of Beijing's immigrant populatjors{nce

local residential permits are needed for private car registration in Beijing, it is natural for these
immigrants to get car licenses from their hometowns.

As a cross-validation, we check Beijing's of cial records of cars that have committed traf ¢ viola-
tions and nd that cars registered in the cities closest to Beijing in Hebei Province have the highest
number of vehicle violations behind cars registered in Beijing. Furthermore, the percentage of car
violation cases in Beijing drops signi cantly for non-local cars registered in city further away from
Beijing—with the percentage of violations falling to below 2% for cities beyond 500 to 600km
from Beijing (see Figure 1). Assuming that enforcement of traf ¢ violations is independent of
where the car is registered, we can infer that there is a signi cantly higher proportion of non-local
cars driving on Beijing's streets from nearby cities. This further substantiates the relationship be-
tween geographical distances to Beijing and the magnitude of car in ows to Beijing and provides
additional evidence for our choice of treatment boundary.

Determining the Appropriate Boundary

Next we consider the appropriate boundary for our treatment area. We begin by deriving a measure
of the driving distanceld;) between a Beijing and each city This driving distance is calculated

using the Google Maps API, from which we extracted the shortest path driving distance using ex-
isting road networks between each city's geometric cerd@} (

Using this distance, we de ne our treatment group as those cities that lie within a 500 km driving
distance of Beijing. This boundary of the treatment area makes sense for our application, since a
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Data: Beijing Public Security Traf c Administration website, https://bj.122.gov.cn/views/viopub.html

FIGURE 1: Percentage of traf c violations in Beijing by cars with non-local licenses from Febru-
ary 2016 to April 2019: top 20 cities

500 km distance translates to roughly 5.5 hours of driving at an average speed of 91 km/hr (or 56
mph); this means people can leave Beijing, complete their car registration procedures in a neigh-
boring cities, and return home all in one day. With this 500 km boundary, our treatment group
includes 31 cities located in 6 neighboring provinces: Hebei, Tianjin, Shandong, Shanxi, Inner
Mongolia, and Liaoning (Figure 2). In 2013, the total population of the 31 cities was about 153
million, which accounted for about 12% of China's total population at that time.

Given that the choice of the boundary can be somewhat uncertain, we also test the sensitivity of
our models to this choice of treatment boundary following an approach similar to that used by
Zheng, et al. (2017)¥4@). In addition to the 500 km boundary, we also specify models with 400
km and 600 kr boundaries. We also include cities' driving distance to Beijing as a key variable
to study the variation of the treatment effect over distance. As we show in Section 3, our model
result suggests that 500 km is the appropriate boundary for treated city selection.

Control Group Synthesis

Given the heterogeneity of China's cities, we use a synthetic control method to de ne our control
group 6). By creating a weighted combination of non-treated cities for each treated city, this
method creates a group of control cities that are approximately equivalent to the treatment cities in
terms of the pre-intervention outcome (in this case, the number of private cars prior to the Beijing
car ownership restriction) and the independent variables included in the model. This data-driven
procedure reduces discretion in the choice of the control gr&ugn@ also avoids problems arising

in conventional DID analysis if the number of treated subjects is small relative to the number of
control subjectsi3).

The synthetic control method
We adopt the synthetic control based on recommendations in existing literéf@e Qur goal is
to construct a single synthetic control city for each treated city such that the synthetic control city

3This includes 5 more cities: Laiwu, Weifang, Panijin, Jining and Heze.
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