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Transportation and the Environment in
China

by Michael P. Walsh

At first glance, concerns regard-
ing motor vehicle pollution in

China seem misplaced. With a popu-
lation more than four times as large
as the United States (1.22 billion ver-
sus 268 million) the number of cars,
trucks, and buses in China is a mere
fraction of that in the United States
(less than fourteen million in China
versus 210 million in the United
States). On a per capita basis, China
has one of the lowest vehicle popula-
tions in the world, as illustrated in
Table 1.

According to Table 1, it is clear
that among these countries only In-
dia has a lower vehicle ownership
density than China. However, to stop
at this superficial overview would be
very misleading. In recent years, the
vehicle population in China has been
increasing sharply, with much of this
growth taking place in cities. Nation-
ally, the annual growth of vehicles has
averaged approximately fourteen per-
cent per year. One result of this rapid
growth has been the emergence of
serious air pollution problems, espe-
cially in cities. Furthermore, the
growth in vehicles in China is ex-
pected to continue and perhaps even
accelerate in coming decades, increas-
ing concerns regarding further envi-
ronmental degradation. Chinese
policymakers have begun to respond
to the growing problem of air pollu-
tion. For example the government has
initiated a public reporting system
whereby a growing number of Chi-
nese cities are now routinely report-
ing their current air quality, as illus-
trated by the most recent data sum-
marized in Table 2 (following page).
As Table 2 shows, several cities have

an air pollution index above 400 for
total suspended particulates (TSP),
which means these cities measured
TSP levels above 875 mg/m3 (micro-
grams per cubic meter).

Table B illustrates that most Chi-
nese cities already have serious air
pollution problems particularly with
TSP and nitrogen oxides (NO

x
). As

this information has become publicly
available, citizen pressure has been

building to push the government to
take action to lower the pollution lev-
els. Strategies are therefore being de-
veloped and implemented at both the
national and local levels to counter-
act this problem. Most notably, at the
national level, China has completed
an environmental technical assistance
project, sponsored by a World Bank
loan, to develop an Action Plan with
the objective of assuring that by 2010
the air quality levels in China’s major
cities meet the second class of national
standards.1 One trend which could
help China attain these national air
quality standards has been actions by
large cities, particularly Beijing, to
develop local pollution control strat-
egies. The purpose of this article is to
review and analyze the proposed na-
tional Action Plan and recent munici-
pal government actions to alleviate
pollution problems in China. To
place the Action Plan and local ac-
tions in context, I will first outline
current information on vehicle use,
air quality, and infrastructure invest-
ment.

THE CURRENT SITUATION

IN CHINA

Vehicle Growth and Roads
The total number of motorized

vehicles in China, although very low
by Western standards, is growing rap-
idly and has already risen to about 1.4
million in Beijing and over one mil-
lion in Guangzhou. For the country
as a whole, the number of vehicles in
1998 climbed to about fourteen mil-
lion cars and trucks and twenty mil-
lion motorcycles. Much of the growth
has been in private passenger cars,
especially in recent years. The de-
mand for personal cars in China rose
by an average of 28.1 percent over the
past five years and is expected to hit
one million cars annually by the year
2000.2 In spite of an almost doubling

Source: Data: “World Vehicle Demo-
graphics.” Financial Times Automotive
World. (April 1999.)

Table 1.  Vehicle Ownership
Density

Country
Vehicles/

1000
People

United States 785

Australia 591

Japan 560

Germany 553

Austria 513

Portugal 395

Greece 290

Bulgaria 235

Romania 135

Mexico 135

Chile 105

Venezuela 95

Thailand 73

Egypt 29

China 10

India 8
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in the number of public transit ve-
hicles from 1993 to 1997 (see Table
3, following page), the total passen-
gers carried has remained constant
across the country’s cities, with many
actually showing declines.3

With regard to driving patterns
and average speeds, many existing
roads have already reached their maxi-
mum capacity and are saturated dur-
ing long periods of each day. Substan-
tial road building is underway in all

large cities and over the past five years,
the investment for road infrastructure
in the large cities has doubled.4 The
results of this investment are clear in
Shanghai, which boasts an impressive
improvement in increasing road
length, road area, and road area per
capita by nineteen percent, forty-two
percent, and thirty-nine percent, re-
spectively, between 1991-1997 (See
Table 4, following page). However,
the expansion in the city’s road infra-

structure pales in comparison to the
vehicle growth that has averaged fif-
teen percent per year since the mid-
1980s.5

AIR QUALITY AND POLLUTION FROM

MOBILE SOURCES

One of the challenges for
policymakers in China is that air
quality monitoring data in Chinese
cities are limited, especially in high
traffic areas. Based on the available
data, however, it is clear that national
NO

x
 air quality standards are cur-

rently exceeded across large areas, in-
cluding, but not limited to, high traf-
fic areas. Before 1992, the annual av-
erage concentration of NO

x
 in Shang-

hai was lower than 0.05 mg/m3,
which complies with the Class II air
quality standards in the People’s Re-
public of China (PRC). But since
1995, the NO

x
 concentration in

Shanghai has increased slowly, from
0.051 mg/m3 in 1995 to 0.059 mg/
m3 in 1997.6

In Beijing, NO
x
 concentrations

within the Second Ring Road that
encircles the city center increased
from 99 mg/m3 in 1986 to 205 mg/
m3 in 1997, more than doubling in a
decade. Moreover, carbon monoxide
(CO) and NO

x
 concentrations on

Beijing’s trunk traffic roads and in-
terchanges exceed national environ-
mental quality standards all year
round.7 Recent data also indicate that
standards for ozone, formed by the
photochemical reaction of NO

x
 and

hydrocarbons (HC), have been ex-
ceeded in several metropolitan areas
during the last decade.

On average, mobile sources are
currently contributing approximately
forty-five to sixty percent of the NO

x

emissions and about eighty-five per-
cent of the CO emissions in typical
Chinese cities.8  Recent data collected
in Shanghai, for example, show that

Source: http://www.usembassy-china.org.cn/english/sandt/index.html, which is the
webpage for the Environment, Science, and Technology Section of the U.S. Embassy
in Beijing.

Table 2.  Compilation of Air Pollution Data for Chinese Cities

City Air Pollution Index Chief Pollutant

Beijing 500 TSP

Tianjing 424 TSP

Shijiazhuang 201 TSP

Qinhuangdao 136 TSP

Taiyuan 311 TSP

Huhehaotei 408 TSP

Shenyang 184 TSP

Dalian 70 TSP

Changchun 369 TSP

Haerbin 118 TSP

Shanghai 128 NOx

Nanjing 108 TSP

Suzhou 138 TSP

Nantong 228 TSP

Lianyungang 178 TSP

Hangzhou 152 NOx

Ningbo 82 TSP

Wenzhou 77 TSP

Hefei 82 TSP

Fuzhou 59 TSP

Xiamen 38 -

Nanchang 113 TSP

Jinan 328 TSP
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in 1996, vehicles emitted eighty-six
percent of the CO, fifty-six percent
of the NO

x
, and ninety-six percent

of the non-methane hydrocarbons
(NMHC) of the total air pollution
load in the downtown area.9 In
Beijing in recent years, the NO

x
 con-

centration shows a clear increasing
trend. Annual average NO

x
 concen-

trations, average concentrations dur-
ing the heating season, and those dur-
ing the non-heating season in 1997

were 133 mg/m3, 191 mg/m3, and 99
mg/m3, respectively. These emissions
were seventy-three percent, sixty-six
percent, and eighty percent higher
than those ten years ago. The annual
daily average NO

x
 concentration in

1998 was 14.3 percent higher than
in 1997. Since the amount of coal
burned has remained stable for many
years, Beijing local authorities at-
tribute the increases in these pollut-
ants to vehicular emissions.10 Poor

vehicle maintenance is one leading
cause of mobile source pollution
problems. This deficiency in vehicle
maintenance is reflected in the high
failure rate in the existing, relatively
lenient Inspection and Maintenance
(I/M) programs. Poor training of in-
spectors has meant repair workers lack
the necessary professional knowledge
and expertise in repair and mainte-
nance service of emission equip-
ment.11 Many vehicles seem to be

Source: Wu Yong, “Targeting Sustainable Development for Urban Transport,” Urban Construction Department of the Ministry
of Construction, and Li Xiaojiang, unpublished paper, Chinese Academy of Urban Planning and Design, April 1999.

Table 3.  Public Transit in Chinese Cities

City

1993 1997 1993 1997

Beijing 4890 8548 2863 3374

Tianjin 2193 2896 397 536

Shenyang 2406 2359 537 625

Changchun 1031 2249 310 341

Harbin 1344 3139 612 543

Shanghai 8521 16237 5627 2637

Nanj ing 2412 2360 500 499

Wuhan 1971 4355 1251 943

Ghangzhou 2338 4611 664 1074

Chongqing 2090 2479 753 502

Chengdu 1408 1618 288 293

X ian 871 1418 355 299

Total of 12 Cities 31475 52269 14156 11667

Average of 12 Ci ties 2623 4356 1180 972

Total of 666 Cities 88606 168566 27259 27348

Number of Public Transit
Vehicles (Standardized

Vehicle Equivalents)

Total Passengers Carried
(Millions)

,

,

,

,

,

,

,
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operating with a rich air fuel mixture,
which while producing relatively
good drivability and low NO

x
 emis-

sions, leads to high fuel consumption
and excessive CO and HC emissions.
Furthermore, the vehicle technology
being produced tends to be prima-
rily carburetor-equipped with me-
chanical rather than electronic con-
trols. Recently collected emissions
data in China show that current ve-
hicles are typical of the cars used in
the United States in the late 1960/
early 1970s.12

In light of the above information
on car trends in China, it appears
likely that the growth in the overall
vehicle population will continue at a
high rate for the foreseeable future.
As noted in a recent study,

Credit facilities and install-
ment payments, which China’s
commercial banks have promised
to introduce, are expected to push
forward the car-buying momen-
tum. A survey conducted among
600 urban families in Beijing by

the China Economic Climate
Monitoring Center says that well-
to-do families account for eleven
percent of the population, fami-
lies that enjoy a relatively comfort-
able standard of living represent
fifty-three percent, and those that
have adequate food and clothing,
thirty-four percent. The first cat-
egory has put car purchases high
on their consumer agenda, and
the second is expected to have
similar lifestyles and hopes within
five to ten years. This will spur on
the private car sector.13

Economic growth and consum-
ers’ desires are pushing the growth of

vehicle population at a much faster
rate than roads are being constructed.
The number of roads approaching
saturation will likely increase and the
period of time when these roads will
be overloaded will lengthen, which
will result in more frequent and se-
vere air quality peaks in localized ar-
eas. This congestion means that na-
tional air quality standards for NO

x
,

CO, and ozone will increasingly be
exceeded in many cities. In addition,
roadside particulate problems will
likely increase, leading to serious
health problems. Based on data col-
lected in the World Bank project, it
is clear that with the increase in die-
sel vehicles particulate matter (PM)

Table 4.  Paved Road Length and Per Capita Paved Road Area of Shanghai  (1991-1997)

“Strategy for Sustainable Development of Urban Transportation and Environment—for a Metropolis with Coordinating
Development of Transportation and Environment toward the 21st Century,” Shanghai Municipal Government, January 10,
1999.

On average, mobile sources are currently
contributing approximately forty-five to

sixty percent of the NO
x
 emissions and about

eighty-five percent of the CO emissions in
typical Chinese cities.

Year Length of Paved Road
(Km)

Area of Paved Road
(104 m2)

Per Capita Road Area
(m2)

1991 4817.6 6004.8 4.67

1992 5043.2 6386.7 4.95

1993 5105.3 6569.2 5.07

1994 5192.3 6862.2 5.28

1995 5420.3 7399.9 5.69

1996 5599.3 8058.5 6.17

1997 5712.7 8503.2 6.51
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Figure 1.  Elements of a Comprehensive Vehicle Pollution
Control Strategy

and NO
x
 will also rise. Since diesel

particulates have been identified as a
likely human carcinogen, this risk will
increase as well. The World Bank data
stress that based on the vehicle growth
projections, it can be concluded that
a successful program to reduce air
pollution and its local and regional
effects will depend on the success in
controlling mobile emissions
sources.14 In light of these dangerous
pollution trends, the National Envi-
ronmental Protection Administra-
tion—now upgraded to the State En-
vironmental Protection Administra-
tion (SEPA)—undertook a study of
national and local plans, which could
help alleviate the growing emissions
from mobile sources. The SEPA study
and its conclusions are presented be-
low. This article then concludes with
examples of recent municipal govern-
ment actions to control vehicle emis-
sions.

SEPA TECHNICAL PLAN TO

ADDRESS VEHICLE POLLUTION

Generally, the goal of a motor
vehicle pollution control program is
to reduce emissions from motor ve-

hicles in-use to the degree necessary
to achieve healthy air quality as rap-
idly as possible or, failing that for rea-
sons of impracticality, to the practi-
cal limits of effective technological,
economic, and social feasibility.
Achievement of this goal generally
requires a comprehensive strategy
encompassing emissions standards for
new vehicles, clean fuels, and pro-
grams designed to assure that vehicles
are maintained in a manner that mini-
mizes their emissions. Finally, to com-
plete this comprehensive strategy, an
effective program for traffic and de-
mand management that limits the
demand for and use of all vehicles
must be formulated. Ideally, to be
politically feasible, these emission re-
duction goals should be achieved in
the least costly manner. Figure 1 il-
lustrates the elements of a compre-
hensive vehicle pollution control
strategy.

Standards for permissible levels
of exhaust and evaporative emissions
from motor vehicles should be based
on a realistic assessment of costs and
benefits keeping in view the techni-
cal and administrative feasibility of
proposed countermeasures. Techno-
logical approaches to achieve the de-

sired emission standards may include
fitting new vehicles with emission
control devices, such as catalytic con-
verters or particulate traps, requiring
such devices to be retrofitted to ex-
isting vehicles, and modifying fuels
or requiring the use of alternative fu-
els in certain vehicles. Emissions may
also be reduced through traffic and
demand management strategies and
policy instruments, such as higher
taxes for vehicles that will be driven
in high pollution areas during rush
hours. However, many of the poten-
tial benefits of these countermeasures
will be squandered if regulatory and
economic instruments do not create
the incentives for vehicle owners,
manufacturers, and fuel suppliers to
comply with the standards and
change their behavior to achieve the
desired goals. A key element of the
overall strategy, therefore, must be ef-
fective enforcement to ensure maxi-
mum compliance with standards.

To develop a national strategy for
addressing vehicle pollution, SEPA,
with support from the World Bank,
pulled together a team of experts from
a variety of government agencies and
technical institutes and universities to
study the vehicle pollution issues.
Taking Beijing and Guangzhou as
typical cities, the study analyzed the
main reasons for the serious vehicu-
lar pollution in China. The study
determined the average emission rates
for the existing vehicle fleet and its
contribution to urban air pollution
and predicted the future vehicular de-
velopment and pollution. Another
important component of the study
was a comparative analysis of foreign
experiences on controlling vehicle
emission pollution and evaluated the
feasibility and cost-effectiveness of
implementing the internationally-
advanced technologies and manage-
ment systems in China. Finally, the
study defined the vehicular emission
control targets and corresponding

CLEAN
VEHICLE

TECHNOLOGY

TRAFFIC
& DEMAND

 MANAGEMENT

CLEAN FUELS

APPROPRIATE
MAINTENANCE
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technology and management strategy.

EMISSIONS STANDARDS FOR

NEW VEHICLES

To determine the appropriate
national emissions standards to adopt
in China, estimates were made by
World Bank and SEPA analysts re-
garding the potential emissions re-
ductions that such standards could
achieve. The costs and cost-effective-
ness of these standards were evaluated
and compared. The costs of various
standards to reduce NO

x
 are pre-

sented in Table 5. Most of the strate-
gies considered for new vehicles were
based on European regulations, for
China had previously adopted the
first generation of European emis-
sions standards. Moreover, the larg-
est car manufacturer in China is a
European company—Volkswagen.
The important exception was the in-
clusion of Japanese and Taiwanese
strategies for motorcycles. These strat-
egies were considered, because most
motorcycles in China are manufac-
tured in Japan and Taiwan.

It can be seen that all but the last
three strategies considered would cost

less than U.S. $2000 per ton of NO
x

reduced. Keeping emission costs be-
low U.S. $2000 indicates a very cost-
effective level based on international
experience. From this broad analysis,
several potential scenarios were devel-
oped in the World Bank/SEPA study
to represent packages of measures for
all categories of new vehicles. In se-
lecting strategies to be adopted, sev-
eral factors were taken into account,
including the following:

• Air quality need;
• Potential effectiveness of the

measure;
• Cost of the measure, including

Table 5. Cost Effectiveness of Various New Vehicle Emission Strategies

Source: “China’s Strategies for Controlling Motor Vehicle Emissions,” Summary Report, December 1997.
aRelative to current requirements.  b In making this estimate, all other benefits of the standards were ignored. The entire
costs were ascribed to NOx control even though in most cases, substantial CO and/or HC reductions would also occur.  HD-
Heavy Duty, LD-Light Duty, DV-Diesel Vehicle, GV-Gas Vehicle, GT2-Heavy Duty Gas Vehicle; MC-Motorcycle

Vehicle Type Strategy Tons NOx

Reduceda
Cost Cost Effectivenessb

(US$/Ton)

HDDV EU2 2.2487 $946 $421

 Jeep 96/69 0.8602 $42 $49

LDDV 94/12 0.7694 $396 $515

LDGV 94/12 0.704 $382 $543

Jeep 93/59 0.6993 $139 $199

LDDV 91/441 0.6239 $100 $160

LDGT2 96/69 0.5859 $370 $632

LDGV 91/441 0.5714 $394 $690

LDDT 96/69 0.5037 $370 $734

HDDV EU1 0.4814 $721 $1,498

Mini Vehicle 96/69 0.4468 $316 $706

LDGT2 93/59 0.4449 $385 $866

LDDT 93/59 0.4061 $100 $246

Mini Vehicle 93/59 0.347 $344 $992

MC Japan 0.1893 $216 $1,142

MC Taiwan 91 0.1884 $224 $1,190

HDGV EU2 0.1183 $322 $2,726

MC Taiwan 94 0.0658 $309 $4,699

HDGV EU1 0.0219 $416 $18,995
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hardware, maintenance, and fuel
economy;

• Overall cost effectiveness; and,
• Technical feasibility.

Considering each of the above
factors, the choice of standards that
promote the lowest emissions in new
vehicles were narrowed down to the
two scenarios summarized in Table 6.
The options for final consideration
were:

• Scenario 2: Adopting the stan-
dards which were introduced in Eu-
rope in 1992 followed four years later
by the new 1996 European standards
and completing enforcement by
2000.

• Scenario 4: Adopting the stan-
dards introduced in Europe in 1996
and completing enforcement by
2002.

Analysts at SEPA determined
that both scenarios are very cost ef-
fective (See Table 7). After consider-
ing all these factors, as well as the tech-
nological capability of the domestic
vehicle industry, SEPA and its sup-
port team recommended Scenario 2
as the minimum requirement for new
vehicles. However, SEPA will con-
sider Scenario 4 as an alternative and
provide fiscal incentives to encourage
Scenario 4 vehicles and engines. In
addition to these emission regulations
for new vehicles, the report specified
some regulations that SEPA should
issue for limiting emissions in exist-
ing vehicles.

PROPOSED MEASURES FOR

IN-USE VEHICLES

In addition to setting emission
standards for new cars, the World
Bank/SEPA study highlighted four
main areas for controlling emissions
in existing vehicles:

• Inspection and Maintenance
(I/M): Analysis indicated that creat-

ing a well-functioning I/M program
could be one of the most cost-effec-
tive options considered and one that
could have a rapid impact. After
2002, a loaded mode test procedure,
the ASM test, will be adopted for
catalyst-equipped vehicles and 100
percent of the vehicles will be required
to be tested and 100 percent will need
to pass the test in order to be driven.
In combination with new vehicle
standards, this I/M program will bet-
ter enable the national NO

x
 targets

to be met.

• Retrofit Programs: The study
also concluded that national retrofit
regulations should be issued for two
primary reasons: 1) to assure that ret-
rofit programs being introduced
around the country are adequately
considering important factors such as
fuel quality and vehicle maintenance;
and 2) to assure that retrofits actually
achieve the claims made by retrofit
companies. The final report recom-

mends that a performance standard
be used as a basis for approving sys-
tems.

• Fuel Programs: The study team
also recommended that SEPA should
issue regulations regarding the qual-
ity of fuels and fuel additives and en-
force these standards and specifica-
tions in the fuel distribution system.

• Non-Technical Measures: In
addition to technical measures out-
lined above, cost-effective, non-tech-
nical measures, such as traffic controls
or tax incentives for cleaner vehicles
or fuels should also be developed.
These types of measures should be
implemented locally. However, na-
tional support through technical in-
vestigations, financing, and necessary
legislation will be needed to facilitate
cooperation at the local level. Nota-
bly, local representatives from
Guangzhou and Beijing were very
involved in designing this compo-
nent.

Table 6.  Proposed Scenarios for New Vehicles in China

Source: “China’s Strategies for Controlling Motor Vehicle Emissions,” World Bank
Summary Report, December 1997.

Scenario Vehicle Type 2000 2002 2005

Passenger Cars 91/441 94/12

Light Duty Vehicles 93/59 96/69

Heavy Duty
Vehicles

Euro 1 Euro 22

Motorcycles ECE 40.01 Japan

Passenger Cars 94/12

Light Duty Vehicles 96/69

Heavy Duty
Vehicles

Euro 2
4

Motorcycles Japan
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jected overall vehicle emissions in
2010 as summarized in Table 8 above.

Based on the data presented in
Table 8, it is clear that light duty gaso-
line fueled cars and trucks will need
to remain a primary focus of control
efforts in the future. In this regard, it
is important for Chinese planners to
remain abreast of technological ad-
vances and other developments
around the world. Therefore, after the
standards contained in the Action
Plan are implemented, it will be valu-
able for SEPA to analyze the poten-
tial feasibility and cost effectiveness
of utilizing the even more stringent
Euro 3 requirements in China. No-
tably, these Euro 3 requirements are
going to be introduced in Europe in
the year 2000.

PROGRESS ON IMPLEMENTING THE

ACTION PLAN—MUNICIPAL

GOVERNMENT LEADERSHIP

China has moved rapidly and
aggressively to implement the Action
Plan strategy. What is striking has
been the strong push by large munici-
pal governments to implement these
strategies ahead of schedule and at
times adopt standards stricter than
those in the Action Plan. Below is an
overview of five areas in which
progress is being made at both the
national and municipal level.

• Unleaded Gasoline: In March
1997, the decision was made to phase
out the production and sale of leaded
gasoline across the entire country by
1 July 2000. By July 1997, Beijing
had already stopped sales of leaded
fuel in the city center and by Octo-
ber the ban had spread to Shanghai
and Guangzhou.

• New Vehicle Standards: In
1998, the State Council decided to
introduce Euro 1, catalyst-based
emission standards for all new cars

POTENTIAL IMPACT OF PROPOSED

STANDARDS AND PROGRAMS

Even after adoption of the new
and in-use management and techni-
cal measures noted above, the air pol-
lution problems in China’s major cit-
ies will not be completely solved.
While emissions would be much
lower without controls, ambient NO

x

levels are still projected to remain
higher than the targets. Specifically,
while area-wide CO problems should

be eliminated, it is expected that even
with the implementation of emission
standards, levels near roadways will
still be unhealthy. Furthermore, ozone
and PM levels will likely worsen from
today’s levels without focused efforts
to address their emissions and precur-
sors. In the future, to address these
remaining problems it will be impor-
tant to focus on those vehicle catego-
ries for which additional control mea-
sures appear feasible and potentially
effective. In this regard, it is useful to
understand the relative importance of
the various vehicle categories to pro-

Table 8. Projected Overall Vehicle Emissions in 2010

Source: “China’s Strategies for Controlling Motor Vehicle Emissions,” World Bank
Summary Report, December 1997.

Table 7. Cost Effectiveness of the Scenarios

Source: “China’s Strategies for Controlling Motor Vehicle Emissions,” World Bank
Summary Report, December 1997.

Scenario Cumulative NOx

Reduction
(104 tons)

Cumulative
Costs
(106 $)

Cost-
Effectiveness

($/Ton)

2 97 441 450

4 120 389 320

Vehicle Category HC CO NO X

LDGV 36.8% 52.1% 47.1%

LDGT1 13.5% 17.2% 15.3%

LDGT2 10.7% 13.5% 13.4%

HDGV 2.9% 3.3% 6.6%

HDDV 1.8% 1.0% 11.9%

MC 30.4% 7.9% 0.8%

JEEP 3.8% 5.0% 4.8%
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sold in the country as of 1 April 2000.
Beijing again took the lead by phas-
ing in these European auto standards
that require all new cars to be
equipped with catalysts as of 1 Janu-
ary 1999, one year ahead of the na-
tional schedule. Of the 64,000 new
vehicles sold in Beijing since the be-
ginning of 1999, 46,000 cars com-
ply with the Euro 1 standards and the
remaining 18,000 vehicles not meet-
ing these standards are motorcycles,
agricultural tractors, and trucks. To
regulate these vehicles, Beijing will
implement more stringent exhaust
standards (Euro 1) for both Heavy
Duty Gas Engines (HDGE)15 and
Heavy Duty Diesel Engines (HDDE)
with steady state mode test methods,
and to agricultural transport vehicles
using the free acceleration mode. The
standards were put in force by  1 June
1999.

Furthermore, the government of
Beijing has a plan to retrofit 14,000
taxis to become dual fuel vehicles
gasoline (Liquefied Petroleum Gas—
LPG). Among them, 10,000 taxis
should be finished before the middle
of September 1999 and the remain-
der by the end 1999. The city gov-
ernment also requires  taxi companies
with more than 300 taxis must build
their own LPG refueling stations.
Notably, some public buses will also
be changed to use dual fuel. The gov-
ernment wants to change the diesel
buses in downtown—inside the sec-
ond circle road—into gasoline buses,
because some national leaders con-
sider the diesel engine to be the worst
pollutant source. Notably, the Shang-
hai municipal government and nu-
merous other large cities are pursu-
ing retrofit strategies as well. This
rapid and progressive work by city
governments on emission control
standards is linked to the publicizing
of air quality data in Chinese cities,
which has led to public pressure on
local authorities to address the prob-

lem.
Nationally, SEPA is planning to

introduce heavy duty standards ac-
cording to the data presented in Table
9. It should be noted that the State
Supervision Bureau (SSB) is in a dis-
pute with SEPA over which organi-
zation has authority to issue new ve-
hicle standards. The SSB would most
likely delay the introduction of Euro
2 standards until 2005 for certifica-
tion and delay production standards
until 2006.

• Vehicle Retrofit: In early March
1999, the Beijing Environmental Pro-
tection Bureau (EPB) had a meeting
with car manufacturers from all
around the country and informed
them that all manufacturers whose
vehicles had been sold in Beijing
should be responsible for the pollu-
tion of these vehicles. As a result of
the discussions, all domestically pro-
duced cars sold in Beijing, which were
manufactured between 1995 and
1998, must be retrofitted with a ve-
hicles manufacturer developed kit
designed to meet the Euro 1 stan-
dards. For cars with carburetors, this
means installing a three-way catalyst,
an oxygen sensor, an air injector, and
an electronic control unit to manage
the air-fuel ration at a cost of approxi-
mately $375 per vehicle. The scope
of the cars needing to be retrofitted,
will be the total cars registered be-
tween 1 January 1995 and 31 Decem-
ber 1998. Manufacturers were re-
quired to finish the work by Decem-
ber 1999. Approximately 80,000 ve-
hicles have been retrofitted to date in
Beijing with estimated emissions re-

ductions averaging about seventy per-
cent. When completed, approxi-
mately 200,000 vehicles will be ret-
rofitted. Similar programs are going
on in other cities.

• Fuel Conversions: Orders have
been placed for 300 new Cummins
Compressed Natural Gas (CNG)
engines to be installed in existing
buses, replacing diesel engines. No
more buses with diesel engines are
planned to be purchased and new
regulations will require that new buses
and taxicabs are fueled by CNG or
have the capacity to be dual-fueled
(LPG and unleaded gasoline). Ap-
proximately 15,000 vehicles have
been converted to CNG or dual-fuel
as of November 1999 and it is ex-
pected that this exceeded 17,000 by
the end of 1999. Diesel to CNG con-
versions are estimated to result in
about ten to twenty percent less CO
and HC emissions. The Beijing En-
vironmental Protection Bureau has
also apparently decided to ban the sale
of diesel vehicles altogether in Beijing.

• Other: The Beijing Environ-
mental Protection Bureau is actively
pursuing loaded emission testing ca-
pability for the I/M program, as are
other cities in China. The I/M pro-
gram is the primary enforcement tool
for vehicle retrofits and alternate fuel
conversions, as well as for the overall
maintenance of the vehicle fleet. An-
other new policy recently introduced
by the Beijing Environmental Protec-
tion Bureau (EPB) is the requirement
to force the retirement of vehicles that
have accumulated more than 500,000

Table 9.  SEPA Proposed Schedule for Heavy Duty Standards

Certification Production
Euro 1 Standards July 1 2000 July 1 2001
Euro 2 Standards January 1 2003 July 1 2004

, ,
, ,
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kilometers in use. This policy led to
the scrapping of approximately
58,000 vehicles, mainly taxis, by the
end of 1999.

On 1 June 1999, SEPA issued
new control standards for motor ve-
hicle gasoline designed to minimize
hazardous risks of benzene, olefins,
aromatics, lead, and other chemicals.
In addition, detergents which could
clean deposits effectively will be re-
quired to be added to motor vehicle
gasoline. For olefins, the requirements
were implemented in Beijing, Shang-
hai, and Guangzhou as of 1 July 1999
and will be mandatory for the entire
country after 1 January 2003. The
Beijing EPB is also trying to work
with the Petroleum Ministry on fur-
ther improvements of fuel quality,
especially as it pertains to detergents.
Currently the Beijing EPB and the
Petroleum Ministry are developing
Stage I vapor controls at service sta-
tions. In the year 2000, a pilot pro-
gram to raise money to fund pollu-
tion control work has been set up in
approximately thirty major cities.
This pilot project requires the levy of
a 300 to 600 Renminbi pollution fee
on all vehicles and the funds will be
dispersed to local governments to use
as they see fit to remedy vehicle pol-
lution in their area.

CONCLUSION

The vehicle population in China
has been growing rapidly over the past
decade and will likely continue to do
so for the foreseeable future. With-
out significant effort to constrain the
environmental damage that these ve-
hicles can cause, already serious air
pollution problems will become criti-
cal. To prevent further severe air pol-
lution, the Chinese government—
with funding provided by the World
Bank—has developed a national strat-
egy for reducing motor vehicle pol-
lution. Key components of the strat-

egy include unleaded gasoline, tight
standards on all categories of new
vehicles, and a substantially upgraded
I/M program. Institutional improve-
ments to enable the strategy to be
implemented have also been devel-
oped. A great deal of additional work
will be needed but it is believed that
the work carried out to date under
this project provides a good basis
upon which to build in the future.
Several important elements of the
strategy have now been implemented
and most notably have been the ad-
ditional controls that municipal gov-
ernments are introducing to comple-
ment the national strategy.

Michael P. Walsh is a technical consult-
ant specializing in motor vehicle pollu-
tion control issues at the local, national,
and international level. He has served
on a World Bank advisory panel to the
Mexico City Transport/Air Quality
Management Program and has worked
in a similar capacity with the Chinese
State Environmental Protection Agency.
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Present and Future Pollution from Urban
Transport in China

By He Kebin and Cheng Chang

For the past twenty years, as China
has shifted away from a planned

economy, free market reforms have
created dynamic economic growth
and produced a more mobile and af-
fluent society. China is now a coun-
try with a population on the move.
The economic reforms have not only
prompted a huge migration of people
from rural to urban areas, but have
also stimulated trade and movement
of goods within and outside China’s
borders. From the late 1980s to the
late 1990s, overall travelling distances
(person/kilometer) of citizens in-
creased by more than 100 percent and
average travelling times and distances
per capita increased by fifteen to
thirty percent.1

The number of vehicles nation-
wide has grown considerably over the
past decade and by 1998 the national
vehicle population grew to over thir-
teen million, with Beijing and Shang-
hai accounting for approximately
14.4 percent of total vehicles nation-
wide. In Beijing City, the growth rate
of motor vehicles has averaged be-
tween fifteen and twenty percent per
year in the past decade. Current
trends indicate that ten to twenty per-
cent of this vehicle growth in China
is in private cars, which not only
threaten to replace the bicycle as pri-
mary means of transport, but are also
competing strongly with public trans-
port.2 Policymakers and citizens in
China have become concerned as the
massive growth of vehicles in the large
cities has considerably exacerbated air
pollution and traffic congestion.

In this article we will first out-
line the current trends of vehicle

growth and pollution in Chinese ur-
ban areas. We then examine recent
research linking vehicular pollution
to growing health problems in China.
The article concludes with a discus-
sion of how the national and munici-
pal government policies are respond-
ing to this pollution problem and we
outline some proposals for necessary
future policies.

VEHICLE PRODUCTION AND

TRANSPORT INFRASTRUCTURE

IN CHINA

Compared with industrialized
countries, the total pollutant emis-
sions from automobiles in typical cit-
ies in China is alarming. Tokyo had
four million vehicles in the 1990s, but
the vehicle emission level remained
at 100,000 tons and 50,000 tons of
carbon monoxide (CO) and nitrogen
oxides (NO

x
), respectively. In 1998,

a mere 1.31 million motor vehicles
in Beijing emitted 129,000 tons and
115,000 tons of CO and NO

x
, re-

spectively.
While China’s vehicle fleet is not

very large, the average emission fac-
tor per vehicle is very high; in fact it
is several times higher than vehicle
emissions in industrialized countries.
China’s vehicle emission levels are
comparable with the emission levels
that existed in Europe and the United
States in the 1960s and 1970s. This
high level of pollution emissions from
vehicles is mainly due to the under-
developed manufacturing technolo-
gies utilized in the Chinese automo-
bile industry and poor maintenance
of automobiles. For example, the
Beijing Jeep 212 consumes thirteen
to fifteen liters of fuel per 100 kilo-
meters and overall has a weak power
performance. This fuel consumption
rate is between fifty and100 percent
greater than the same type of jeep
manufactured in industrialized coun-
tries. The Red Flag Auto, produced
by the First Automobile Works Com-
pany, represents another example of
inefficient and out-dated engine
types. The most highly polluting
types of vehicle in China, particularly
in terms of CO emissions, are heavy

Table 1.  Comparison of Urban Road Density

Sources: China International Cooperation Committee of Environment and Development,
Proceedings of Symposium of Urban Transportation and Environment, (April 1999): 48-
58; and China Statistical Yearbooks, 1978-1998, Beijing.

City Road Density
(km/km2)

Percent of
Road Area

Road Area
Per Capita (m2)

Beijing (China) 6.8 7.1 4.7
Shanghai (China) 7.6 12.6 5.4
Guangzhou (China) 7.0 7.7 5.2
Dalian (China) 12.6 6.46 5.7
Tokyo (Japan) 18.9 14.9 10.9
Osaka (Japan) 18.0 17.5 14.4
London (U. K .) 18.1 24.1 28.0
New York  (U.S.A) 8.0 16.6 26.3
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and middle duty gas trucks, which
emit 200 grams of CO per kilome-
ter, compared to European cars which
emit fifty grams of CO per kilome-
ter. Because China is in the process
of moving from a planned to a free
market economy, many large auto
manufacturers cannot afford to ob-
tain the technology to build more
advanced and cleaner vehicles. Com-
pounding the already low quality au-
tomobiles is the fact that drivers tend
to ignore maintenance, which would
help their vehicles run cleaners.3

Despite recent investment in-
creases in transportation infrastruc-
ture in Chinese cities, the average
speed of vehicles has actually de-

creased, especially for public vehicles.
In rush hour the speed of public ve-
hicles on many lines approaches walk-
ing speed. The punctuality rate for
public transport vehicles has de-
creased from seventy percent in 1990
to 8.4 percent in 1996. The greater
number of private vehicles is creat-
ing more traffic congestion, which
has led to the cancellation of thou-
sands of public transportation routes
in cities across China. This decrease
in public transport has spurred an
increase in private vehicle purchases
and taxi services, which, in turn, has
increased traffic congestion; a vicious
cycle.

Road construction has not been

able to keep up with the significant
growth in the number of public and
private vehicles. Over the past decade,
the average road area per capita has
remained comparatively low—less
than six square meters per capita.
Table 1 compares urban road density
and road area per capita in cities in
China and industrialized countries.
The explosion of car purchases and
lack of new roads has meant that in
cities such as Beijing, the average ve-
locity of vehicles on main roads at
rush hour was only thirteen to nine-
teen kilometers per hour in 1998.
Over the past few years, the rush hour
road load in Beijing has increased
from 700 vehicles to 918 vehicles per

Table 2.  Transportation Information for Seven Chinese Cities (1997)

Beijing Shanghai Chongqing Guangzhou Shenzhen Dalian Guiyang

646.2 860 250 392.38 379.64 259.7 100.34

Specialized
public bus lanes
(km)

54 None 9.49 None 80 26.58 4.4

Length of
subway in use
(km)

42 21.3 None 12.7 None None None

Length of 
subway
currently under
construction
(km)

11 None None None 14.8 None None

Average rush
hour speeds
(km/h)

13-19 < 25 20 18-20.5 20 15-20 25

Number of clean
fuel motor
vehicles

809 1231 n.a. 136 1000 225 None

Average daily
value of CO
emissions
(mg/m3) on
urban roads

5.2 n.a. 10.4 2.54 n.a. 2.47 n.a.

Average daily
value of Nox

emissions
(mg/m3) on
urban roads

0.133 0.059 0.068 0.141 0.054 0.056 0.033

Urban resident
population in 
1997 (in ten 
thousands)

e

e

e
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Pollutant Emission (10 thousand tons)
Year 1995 Year 1998 Year 1995 Year 1998

CO 107.5 129 76.8 82.7
NOx 9.38 11.59 40.2 42.9

Percentage of Total Emissions

 Table 4.  Vehicle Emissions in Beijing

Department of Environmental Science and Engineering, Tsinghua University, et al. Research Report  of Planning
of Vehicle Emission Pollution Control in Beijing City, 1999 (12):105-144.

                                          

NOx

City Population
(in 1000’s)

Number of Cit ies
Average

Concentration
(mg/m3)

Percentage of Cities
Exceeding Second

Class National 
Ambient Air 

Quality Standards
Year 1994 Year 1998 Year 1994 Year 1998 Year 1994 Year 1998

> 2000 9 11 0.074 0.077 19.5 81.82
1000-2000 19 23 0.065 0.056 17.9 52.17
500-1000 14 44 0.039 0.037 3.3 11.36
200~500 27 133 0.038 0.035 3.4 13.53

< 200 16 111 0.031 0.030 1.3 12.61

 Table 3.  NOx Pollution in Chinese Cities by Population

kilometer. To summarize, because
large and medium-sized cities have
inadequate and congested roads, ve-
hicles must drive at low speeds and
low driving speeds increase the emis-
sions of CO and NO

x
. In order to

paint a picture of transportation chal-
lenges in China, Table 2 presents in-
formation on public transportation,
subways, and NO

x 
emissions in seven

major Chinese cities.

URBAN AIR POLLUTION

In 1995, the United Nations
ranked three Chinese cities—Beijing,
Lanzhou, and Taiyuan—among the
top ten most severely polluted cities
in the world. The concentration of
NO

x
 exceeds national ambient air

quality standards (NAAQS) in most
of China’s largest cities. As Table 3
illustrates, eighty-one percent of cit-

ies with a population over two mil-
lion exceed the NAAQS for NO

x
 con-

centration. Slightly over half of
China’s cities with a population be-
tween one and two million also ex-
ceed NAAQS for NO

x
. Currently,

weekly air quality reports for thirty-
two cities indicate that NO

x
 has be-

came the main pollutant in eight
major cities (Beijing, Guangzhou,
Shanghai, Wuhan, Hefei, Dalian,
Shenzhen, and Zhuhai). Statistical
data show that there is drastic growth
in the number of respiratory health
problems due to vehicular pollution.4

We will discuss more on the air pol-
lution-health nexus below.

The capital city, Beijing, is one
of the most polluted cities in China
with vehicle emissions as the leading
source of air pollution (See Table 4).
In 1997, the concentrations of ve-
hicular pollutants in central Beijing
exceeded the second class NAAQS

many times. In 1997, emissions of
CO, lead, and NO

x
 in Beijing were

exceeded four, twenty-two, and
thirty-five times, respectively. In or-
der to control and mitigate the severe
situation of vehicle pollution, the
Beijing municipal government an-
nounced new emission standards for
new cars in August 1998 and put
these standards into effect in 1 Janu-
ary 1999. These new standards are
stricter than the current national stan-
dard. Despite enforcement of these
standards, the number of vehicles
continues to grow in Beijing, so it is
too early to know the efficacy of the
new standards on decreasing pollu-
tion. Beijing and other municipal
governments will need to create and
enforce even stricter emission stan-
dards in the future.

In 1997, the CO and NO
x
 emis-

sions from motor vehicles in Shang-
hai rose to 380 thousand tons and
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81.5 thousand tons, respectively.5 The
emission and contribution of pollut-
ant concentration from vehicles in
downtown Shanghai City are listed
in Table 5. In the city of Guangzhou,
the pollutant emission and the con-
tribution from vehicles have also
steadily increased. Seventy percent of
vehicles in Guangzhou cannot meet
the mandated emission standard,
which explains why the concentration
of NO

x
 has increased since the mid-

1980s.6 Table 6 is a summary of pol-
lution of NO

x
 and CO from 1990 to

1996, from which the gradually ag-
gravated situation of air quality
from vehicles in Guangzhou could be
concluded.

While the CO emission prob-
lems are well acknowledged more at-
tention should also be devoted to the
problem of fine particulate matter.

Although the particle emissions from
vehicles have a mean diameter of 1
mm and constitute only a small
amount of total suspended particles
(TSP), they pose severe hazards to
human health. Research on the harm-
ful health effects from fine particles,
however, is only at a nascent stage in
China. In 1998, the concentrations
of particulate in Beijing and
Guangzhou were 379 and 205 g/m3,
respectively, which exceeded second
class national ambient air quality
standards. Furthermore, if compared
with the WHO standards for particu-
lates—60-90 g/m3, the two cities ex-
ceed the standards by three to five
times. Unfortunately current Chinese
standards are not as strict as the World
Health Organization standards.

The number of days that Ozone
(O

3)
 concentration exceeds National

Ambient Air Quality Standards in
Chinese cities has increased from an
average of forty days in 1988 to sev-
enty-five days in 1994. The HC and
NO

x
 emissions from vehicle sources

can further react in the air and form
secondary pollutants such as O

3
 and

Peroxyacetyl Nitrate (PAN). The
combination of these pollutants will
lead to the formation of photochemi-
cal smog, which not only obscures
visibility, but also can be very detri-
mental to human health. Numerous
large Chinese cities—such as
Lanzhou, Chongqing, and
Guangzhou—are already blanketed
with smog as a result of the increase
of HC and NO

x
 emissions from ve-

hicles. In May 1995, photochemical
smog appeared in Chengdu City for
the first time, and in June of the same
year, it occurred in Shanghai City.7

HEALTH EFFECTS OF VEHICULAR

AIR POLLUTION

In 1997, the Institute of Environ-
mental Health Monitoring at the
Chinese Academy of Preventive
Medicine conducted a study on the
exposure levels of vehicular emissions
on human health, particularly on the
immune system.8 Passive personal
samplers on the road measured the
exposure levels of traffic policemen,

 Table 5.  Vehicle Emissions in Shanghai

Sources: Lu Shuyu, “Vehicular Pollution Control Strategies in City Shanghai, Shanghai,”
Environmental Sciences, 17:3 (1998):1-3 and Chen Changhong et al., Pollution Load of
Vehicular Exhaust in City Shanghai, Shanghai Environmental Sciences, 16:6 (1997):26-
29.

Table 6.  Vehicular Pollutant Concentration and Pollution Index in Guangzhou (1990-1996)

Source: Department of Environmental Science and Engineering, Tsinghua University et al., China’s Strategies for Controlling
Motor Vehicle Emissions—Summary Report, 1997.

Pollutant Emissions
(10 thousand tons)

Year 1995 Year 1996 Year 1995 Year 1996
CO 10.40 19.7 76 86
NOx 3.04 4.9 44 56

NMHC 2.41 4.32 93 96

Percentage of 
Total Emissions

1990 1991 1992 1993 1994 1995 1996
Concentration of NOx (mg/m3) 0.137 0.112 0.107 0.115 0.116 0.123 0.151
Contribution of NOx (%) 36.1 33.5 33.0 35.9 35.4 36.0 42.9
Pollution index of NOx 2.60 2.24 2.14 2.30 2.32 2.46 3.20
Concentration of CO (mg/m3) 3.16 2.91 2.89 2.71 2.89 2.91 2.96
Contribution of CO ( %) 10.9 10.8 11.1 10.9 11.1 10.6 9.90
Pollution i ndex of CO 0.79 0.72 0.72 0.69 0.72 0.73 0.74
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bicyclists, and riders. The results
showed that nitrogen dioxide and
carbon monoxide exposures ranged
from 0.219-0.349 mg/m3 and 9.17-
41.10 mg/m3, respectively, for traffic
policemen at eight crossroads. Nitro-
gen dioxide exposures ranged from
0.208-0.377 mg/m3 for nineteen bi-
cyclists who bicycled on the road to
and from work. The level of pollut-
ant exposure on the streets where the
study took place exceeded the
NAAQS.

In 1995, Ye Shunhua and others
investigated and monitored the im-
mune systems of bus drivers and con-
ductors on the Yuejiang tunnel bus
line in Shanghai. Their study found
that the levels of peripheral blood
lymphocytes, T-cyto rosette forma-
tion, IgA (Immunoglobulin A), and
fibro-mucoprotein are much lower in
the bus drivers than in the control
group—workers at an arboretum.9

These enzymes provide protective
mechanisms for cells. Another study
conducted in Xian showed that the
Superoxide Dismutase (SOD), Glu-
tathione (GSH), and Glutathione
Peroxidase (GSH-px) levels in bus
drivers and conductors were lower
than the control group, while the level
of Malondialdehyde (MDA) was
higher. It was concluded that expo-
sure to vehicular exhaust changed lev-
els of these enzymes which can be
detrimental to human immune de-
fenses. Another study analyzed the
movement of spermatozoon and
blood-lead concentration in traffic
policemen’s semen. The results re-
vealed lower semen mobility, higher
blood-lead concentration, and re-
pressed activity of semen succinate
dehydrogenase.10

A survey investigating health ef-
fect determinates was carried out by
the Department of Environmental
Science and Engineering, Tsinghua
University, Beijing. 11 The results and
conclusions are the following.

1) In the peripheral blood of the
on-duty traffic policemen in the four
areas of Beijing, both carboxhemo-
globin (COHb) saturation and
blood-lead concentration are remark-
ably higher than control group. Satu-
rated COHb will cause chronic oxy-
gen deficiency and potentially lead to
heart and brain illnesses. The differ-
ences have statistical significance.
Furthermore, the results show good
negative correlation (r=0.8862,
P<0.05) between COHb and blood-
lead concentration. The dynamics of
absorption mechanisms in the human
body and the mutual influences of
CO and lead should be further re-
searched.

2) Determination of Peak Expi-
ratory Flow (PEF) is a common in-
dex used to assess lung function and
measure chronic lung congestion.
The average PEF in urban areas in
China appears to be lower than in
suburban areas. This is potentially
caused by the heavier vehicular air
pollution in urban areas. However,
the results in this particular study
showed no remarkable statistical sig-
nificance in the differences of urban
and suburban PEF levels. This was
most likely due to the small sample
size and highlights the need to con-
duct more studies with larger samples
in the future.

3) The analyses of health condi-
tions of traffic policemen in Beijing
highlighted that the degree of self-re-
ported symptoms of discomfort
(breathing, eyes, and feelings of over-
all fatigue) is increasing for the street
duty professionals. The study also
reported that the rate of respiratory
illnesses in traffic policemen is five
percent higher than the city average.

One study carried out in twenty-
eight provinces and autonomous re-
gions in 1990s revealed that, while
the average lead level in blood in the
overall population does not appear to
increase, spot checks in several prov-

inces revealed that the lead level in
forty percent of the children exceeded
safe thresholds.12 Not surprisingly, the
blood-lead content of children in
towns is higher than in rural areas,
which indicates that children are in-
creasingly vulnerable to lead emis-
sions from vehicles. The study also
reported that the blood-lead concen-
tration of children who lived in in-
dustrial areas is between 200 and 400
g/L, which greatly exceeds the inter-
national standard of 100 g/L. In the
city of Guangzhou, the blood-lead
concentration of the children living
near roads is between 142-167 g/L
and the blood-lead concentration in
traffic policemen is approximately
116 g/L. Overall, these recent health
studies in China have helped to com-
municate the harmful impact of ve-
hicular emissions on human health
to Chinese policymakers.

RECENT VEHICULAR EMISSION

CONTROL POLICIES IN CHINA

Over the past few years, as pol-
lution in urban areas has significantly
worsened in China, the national and
municipal governments have passed
vehicle emission policies and regula-
tions. Below, we outline some of the
more recent policy developments at
the national and municipal levels.

National Policies in 1999
1. The Emission Standard for Ex-

haust Pollutants from Light-Duty Ve-
hicles (GWPB1-1999) was issued by
SEPA and went into effect on 1 Janu-
ary 2000. This policy sets emission
standards for Light-Duty Vehicles
equivalent to EURO1 standards.
These new emission standards also
establish acceptable emission values
after a cold start; emission values from
the crankcase of the spark-ignition
engine; evaporative emission values
from the spark-ignition engine; as
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well as several engine durability cri-
teria.

2. Standard for Hazardous Con-
tents in Gasoline (GWPB001-1999)
was issued by SEPA and went into
effect on 1 January 2000. These stan-
dards place stricter limitations on the
hazardous contents of gasoline than
previous Chinese standards. The
regulated hazardous contents include:
benzene, olefin, aromatics, manga-
nese, iron, copper, lead, phosphorous,
and sulfur.

3. Technical Policy on Vehicular
Emission Control was issued by SEPA
on 8 December 1999. This policy fo-
cuses on emission and fuel technol-
ogy requirements, such as emission
reduction technologies for new ve-
hicles, emission reduction technolo-
gies for in-use vehicles, fuel quality
requirements, exhaust purification
equipment, and testing devices.

Municipal-Level Policies
1. Beijing: The Beijing Techni-

cal Inspection Bureau (effective 1
January 1999) issued Emission Stan-
dard for Exhaust Pollutants from Light-
Duty Vehicles and these standards are
equivalent to EURO1 standards.

2. Shanghai: Emission Standard
for Exhaust Pollutants from Light-Duty
Vehicles was issued by the Shanghai
Technical Inspection Bureau—effec-
tive 1 July 1999. These standards
equal EURO1 emission standards.

3. Emission Standard for Pollut-
ants at Dual-Idle Speed from Vehicle
with Petrol Engines was issued by
Beijing Technical Inspection Bu-
reau—effective 1 July 1999. These
standards established idle and high-
idle testing methods for CO and HC
emissions for in-use vehicles. By regu-
lating high-idle emissions, high-emit-
ting vehicles can be better identified.

4. Emergency Measures for Improv-
ing Air Quality in Beijing were initi-
ated in December 1998. The mea-
sures were designed to be imple-

mented in three phases.
i. Phase1—from December 1998

to February 1999—included mea-
sures to promote scrapping of old
vehicles and inspection for in-use ve-
hicles. The first phase was limited to
in-use trucks and also required that
manufacturers take the responsibility
for required retrofitting. During this
phase light engine vehicles need to
meet new standards for LPG and
CNG in order to be granted green
labels.

ii. Phase 2—from March 1999
to September 1999—included the
limited use of heavy engine vehicles,
new management rules for maintain-
ing mini-buses and taxis; require-
ments to construct CNG and LPG
gas stations in order to improve the
infrastructure for CNG and LPG ve-
hicles.

iii. Phase 3—from October 1999
to March 2000—includes require-
ments for visual inspections of diesel
vehicle emissions; limitations on the
use of diesel vehicles; rules for retro-
fitting taxis into dual-fuel engines;
fuel quality controls; and, rules to
mitigate the emissions from petrol
stations.

Proposed Standards for New Vehicle
As a whole, the recently amended

NAAQS in China now regulate many
pollutants—such as nitrogen dioxide,
carbon monoxide, ozone, particulate
matter (PM

10
)—stricter than most

other countries. Standards for total
suspended particles (TSP) are, how-
ever, not nearly as strict as those of
the other pollutants/in other coun-
tries.13 In most areas of North China,
the concentration of total suspended
particulate (TSP) often greatly ex-
ceeds the standard.

Using shorter time periods to
measure average emissions could
strengthen the future amendments to
the NAAQS. For example, second
class sulfur dioxide (SO

2
) standards

are currently measured by a yearly
average and twenty-four hour aver-
age concentration. It would be use-
ful in future amendments if an eight-
hour average concentration standard
for O

3
 was added. In order to meet

future vehicle emission control goals,
stricter standards for new vehicles will
be adopted over the next decade. In
the next two years, the emission stan-
dards for new cars will reach the level
of those in Europe in the 1990s. By
2010 the standards will be completely
phased-in and China’s emission stan-
dards will match that of industrial-
ized countries.14

Standards vary according to the
type of vehicle; for example, vehicles
lighter than 3.5 tons will be required
to meet the more stringent standards
and when fully implemented in new
cars, the CO emissions should de-
crease by sixty-six percent. HC and
NO

x
 will be forty-three percent lower

than current new cars. Vehicles
heavier than 3.5 tons will be required
to decrease CO emissions by ninety-
four percent and emissions of HC
and NO

x
 by eighty-nine percent. Tar-

geted reductions in emissions from
heavy-duty diesel vehicles will be low-
ered in three stages over the next five
years. One goal of the NAAQS is by
2004 to decrease CO, HC, and NO

x

emissions by seventy-one, sixty-nine,
and sixty-one percent, respectively.

Lead-Free Gasoline Program
There exist many problems in the

quality of fuels available on the Chi-
nese market. Moreover, the dangers
of leaded gasoline have recently be-
come a major policy focus. After
studying the many lead-removal pro-
grams in industrialized countries, the
Chinese leadership has decided to
implement its own lead-removal poli-
cies. The State Council issued the
regulation on forbidding the produc-
tion, distribution and utilization of
leaded gasoline by September 1998,
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requesting that the forty-seven key
cities must stop selling leaded gaso-
line by 1 July 1999. The State Coun-
cil decided to consolidate the fuel
market and close down small refiner-
ies that could not meet these lead-free
regulations and adopt the best avail-
able technologies. Lastly, the whole
country must cease producing leaded
gasoline by 1 January 2000, and stop
selling it by 1 July 2000. Accomplish-
ing this target on schedule is one of
the most important tasks in motor ve-
hicle pollution control in recent years.

BROADER STRATEGIES FOR

LOWERING VEHICULAR EMISSIONS

While the vehicular emission
standards outlined above will be key
to improving urban air quality in
China, a broader mix of policies tar-
geting vehicular pollution will be
needed to meet these standards. In
this final section we present and cri-
tique Chinese policies that focus on
infrastructure, public transport, new
technologies, and inspection and
maintenance (I/M) programs.

Construction and Utilization of
Infrastructure

Although the urban road infra-
structures in China has been greatly
enhanced over the past two decades,
the overall investment into transport
construction is much lower than that
in developed countries. China is
many years away from building high-
efficiency and sustainable cities with
quick transport systems. Since 1978,
the growth rate of the vehicle popu-
lation has been much higher than that
of road length. Moreover, due to limi-
tations in municipal funding and lack
of areas within cities, the construc-
tion of urban roads can not meet the
demand of increasing transport. Two
major infrastructure priorities should
be stressed in the future. First, the
total capacity of roads should be

steadily enhanced. Second, the layout
and construction of road networks
utilize space wisely and allow traffic
to move faster. These goals can be
accomplished by targeting the con-
struction of cloverleaf junctions, over-

head roads, tunnels, and supplemen-
tary roads. Enhancing public trans-
port will also relieve some of the stress
and congestion on roadways.

Development of Urban Public
Transport

Municipal governments are be-
ginning to emphasize the improve-
ment of public transport, which is a
trend not only reflected in finance
budgets, but also in the continually
increasing public services, such as the
number of buses and usage priority
lanes. In 1996, the Beijing munici-
pal government was the first city to
adopt special public transport lanes
on Chang An Road and this model
has been replicated in many more cit-
ies.

With the deepening of reform in
the public transport industry, many
large cities have begun to allow
privatization of public transport op-
erations, which relieves the city of
subsidy programs and has decreased
municipal deficits. It should be noted
that passenger flow on public trans-
port has increased slowly and has even
decreased in a few cities. In addition
to public buses, many Chinese mu-
nicipal governments wish to build
subways as an effective and clean pub-
lic transport system. While urban rail-
way transport is a high-capacity and

fast transport system, few Chinese
cities have railway transport, due to
the fact that subway and light rail are
much more expensive than other
kinds of transport systems. Currently
only four Chinese cities have built
subways.15 Even in these cities with
subways, not all of these subways have
become the main means of transport
for commuters because of the high-
ticket prices. Currently, nearly twenty
cities are applying for the permits
from the China National Planning
Committee and Ministry of Con-
struction to build subways. Even with
permits, however, subway construc-
tion will be slow in these cities due to
the necessary large investment and
maintenance costs. For smaller cities
and the areas outside the center large
metropolises, the alternative pro-
grams of closed special roads for
buses, overhead roads, or trolley cars
are other potential options to con-
sider. Table 7 shows the magnitude
of railway transport in the four me-
tropolises of China.16

Application of Intelligent Transpor-
tation System (ITS)

At present, China witnesses the
most rapid development of road con-
struction in the world. It is antici-
pated that it will take another twenty
years of construction for China to
create a complete road network, at
which time most developed countries
in the world will be utilizing intelli-
gent transportation systems (ITS).
China should strive to develop and
coordinate both road infrastructure
and ITS simultaneously in order to
enhance public transport efficiency
and traffic safety to mitigate the en-
vironmental impacts of transport.
Internationally, ITS has grown from
the applications of electronic and in-
formation technologies to road trans-
port. Throughout the 1980s, the
Chinese Ministry of Communica-
tions carried out various research pro-

Current trends in-
 dicate that ten to

twenty percent of ve-
hicle growth in China
is in private cars.
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grams for expressway monitoring sys-
tems, tolling systems, and traffic
safety security systems.17 These com-
pleted studies represent the beginning
foundation for developing ITS in
China.

Monitoring Network for Vehicular
Air Pollution

Most large cities in industrialized
countries have dozens of environmen-
tal monitoring stations, which take
measurements of general air quality
and specific traffic pollution. Cur-
rently, only a few Chinese cities, most
notably, Beijing, Shanghai, Shenzhen,
Guangzhou, Wuhan, and Yantai have
installed auto-monitoring systems. In
China, the monitoring networks for
vehicular air quality are very weak,
therefore, the data on urban air qual-
ity from the monitoring stations only
reveals the general status of air qual-
ity such as levels of SO

2
, NO

x
, par-

ticulate matter (PM), and settled
dust. Tokyo has seventy-six monitor-
ing stations, in which thirty-two traf-
fic environmental monitoring sta-
tions provide data of CO, NO

x
, NO

2
,

HC, and O
3
. Carbon Monoxide is

measured in a small number of Chi-
nese cities, but the pollutants of hy-
drocarbon and ozone, which are re-
lated to motor vehicles, are not in-
cluded in the routine monitoring. In
addition to expanding the number
and scope of monitoring stations,

Chinese monitors should also more
work to gather sufficient and more
concise data. The U.S. Environmen-
tal Protection Agency has been work-
ing to set up air quality monitoring
stations in China and this type of co-
operation should continue.

Scrapping of Old Vehicles
China is a developing country

with many old automobiles running
on the roads, which are a major source
of urban air pollution. In 1997, a
newly amended Vehicle Elimination
Standard on scrapping old vehicles
was formulated and mandated by the
State Environmental Protection Ad-
ministration and other government
agencies in China.18 The new stan-
dard specifies that vehicles with emis-
sions exceeding the National Emis-
sion Standards after repairs or the in-
stallation of filtering devices should
be scrapped. In 1996 and 1997, the
planned number of scrapped vehicles
nationwide was 300,000 per year.
Surprisingly, the actual numbers were
340,000 and 347,000, respectively.
Between 1998 and 2000 China
planned to increase the number of
scrapped vehicles by 50,000 vehicles
each year.

Catalytic Converter Requirements
As was discussed earlier in this

article, alternative fuels—compressed
natural gas (CNG) and liquefied pe-

troleum gas (LPG)—have been intro-
duced in twelve Chinese cities. While
these alternative fuels could decrease
the emissions of hydrocarbon (HC)
and carbon monoxide (CO), they do
not lower emissions of nitrogen ox-
ides (NO

x
), which are major pollut-

ants in Chinese cities. With the phase-
out of leaded petroleum, more addi-
tives containing oxygen may be added
into gasoline, such as MTBE, which
could lower the emission of NO

x
.

Based on the experiences in sev-
eral industrialized countries, the uti-
lization of the three-way catalytic con-
verter represents an ideal option for
controlling NO

x
 as well as HC and

CO emissions. After evaluating the
performance of catalytic converters
produced in China after driving
50,000 kilometers, some researchers
concluded that Chinese-made cata-
lytic converters are only twenty to
thirty percent as effective as those
made in foreign countries.19 This
highlights the need to devote more
research and development into Chi-
nese-made three-way catalytic con-
verters. In China the percentage of
vehicles with carburetors is very high,
but the contents of sulfur and lead in
fuel are also very high. Although the
pace of the lead phase-out for auto-
mobile gasoline has sped up and will
be introduced nationwide on 1 July
2000, in actuality leaded petroleum
will still exist in the market for a long

Table 7.  Railway Transport in Four Urban Centers

 a Source for Guangzhou information: www.gzmtr.com/html

City Subway
Established

Subway
Length (km)

Planned
Light Rail

Construction
Beijing 1969 40.3 (1987) 12.3 km 44.3 km
Shanghai 1993 16.1 (1994) 284 km 179 km
Tianjin 1980 7.4  (1984) 2nd &  3rd lin e 44 km
Guangzhoua 1998 12.7 (1998) 23.21 km (2nd line)

Planned Subway
Construction
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time. Therefore, research and produc-
tion of sulfur-proof and lead-proof
three-way catalytic converters to fil-
ter out lead emissions is greatly
needed.20

National Clean Vehicle Action
With the goal of significantly

lowering pollution from vehicular
emissions and cleaning air by devel-
oping advanced and new technolo-
gies, twelve Chinese cities began the
implementation of the “Clean Ve-
hicles Action” in 1999. This policy
aims to promote linking the current
science and technology industries
with experiments in cities. The Clean
Vehicles Action includes several goals:

• To speed up the production of
clean fuel motor vehicles.

• To expedite the matching ap-
plication of closed-loop electronic
fuel injection system and three-way
catalytic converters.

• To emphasize the spread of
high-efficiency and low emission gas-
fired technology buses and taxis.

• To enhance the construction of
adding-gas stations and other neces-
sary infrastructures.

• To build up satisfactory service
system for clean fuel vehicles.

• To reinforce research and de-
velopment of electric and hybrid ve-
hicles, which will be the basis of a new
automobile industry of China.

Even before this National Clean
Vehicle Action policy, China had al-
ready begun to introduce clean tech-
nology vehicles. By the late 1990s, the
number of clean natural gas (CNG)
and liquefied petroleum gas (LPG)
vehicles rose to more than 10,000 and
approximately seventy gas stations to
fuel such vehicles were built.21 Begin-
ning in November 1998, twelve cit-
ies in China began experiments in de-
veloping and using CNG and LPG

vehicles and gas stations. Through-
out the year, clean gas engine vehicles
developed at a steady pace and Table
8 provides some comparisons of LPG
and CNG vehicles in these demon-
stration cities.22 Table 9 shows the
magnitude of LPG and CNG vehicle
increase in seven of these cities.
Clearly, the number of gas stations
lags behind the increase in vehicles.
Although the number of CNG and
LPG buses and taxis account for only
ten percent of the total vehicles in use,
they account for forty to fifty percent
of the miles driven on Chinese urban
roads. Cleaner fuels will help all cars
to run clean and this policy could be
easier to implement than vehicle in-
spection and maintenance programs.

Advanced Vehicle Technologies
Development and application of

vehicles using clean alternative fuels
will open up new methods to prevent
and control vehicular pollution in

Table 8.  Number of CNG/LPG Vehicles and Gas Stations in Twelve Demonstration Cities
(1998)

Classified Capacity
of Gas-Vehicle

Gas Stations Supply Capacity of GasCity/Province

CNG LPG CNG LPG CNG
( 108m3/a)

LPG
(x104 t/a)

Shanghai None 300 None None None Imported as
needed

Xian 78 None 1 3.67 None
Wulumuqi 400 100 2 2 1.8 3.06
Guangzhou None 210 None 1 None Imported as

needed
Shenzhen None 1800 None 1 None Imported as

needed
Chongqing 300 3 1.0 None
Hainan Province 3 52 1 2 5.24 30
Sichuan Province 3500 None 34 None 5.13 None
Beijing 300 600 2 4 15.0 10
Tianjin None 80 None 3 4.0 105
Changchun None 40 None 1 3.6 30-40
Ha’erbin None 350 None 3 0.18 56

Total 4581 6232 43 24 n.a. n.a.

x

None

None None
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China. In order to meet the increas-
ingly strict emission standards, the
main manufacturers in the world are
trying to develop diversified low-pol-
lution vehicles using alternative
power, such as vehicles that run on
natural gas, liquefied petroleum gas,
methanol, ethanol, biological fuels,
hybrid fuels, hydrogen, electricity,
and solar energy. Among this long
laundry list of alternatives, natural gas
vehicles and liquefied petroleum gas
vehicle are currently the most practi-
cal and popular clean energy vehicles.
As discussed above, twelve cities in
China are experimenting with CNG
and LPG public transport. Hybrid
fuel and electric vehicles represent
other promising clean vehicle tech-
nologies in the future.

Fuel cell vehicles are viewed as
one of cleanest future technologies,
but the technology for marketing fuel
cells in China is not yet mature. Nev-
ertheless, because of China’s severe
pollution problems, the Chinese gov-
ernment should promote fuel cell
technology so that it could be put into
use, which in turn will help to create
a market for it.23 In light of the cur-
rently available electric vehicle tech-
nology, a Chinese Ministry of Science
and Technology study has outlined
the future potential of for develop-
ing electric vehicles in China.24 The
study identified the following goals:

• To develop electric vehicles
driven by storage battery for buses
and other public transportation ve-
hicles. Nickel-hydrogen battery and
lithium battery should be applied as
soon as possible to ensure the perfor-
mance and reliability.

• To encourage the production of
hybrid vehicles and promote the use
of such vehicles on buses in cities to
improve the urban air quality.

• To promote the innovation of
fuel cell vehicles as a long-term strat-
egy. China should strive for commer-
cial use of fuel cell vehicles by 2010.

• To establish the production and
supply system for methanol to
complement the industrialization of
fuel cell vehicles.

Municipal Inspection and Mainte-
nance (I/M) Programs

The extant municipal I/M pro-
grams generally include yearly inspec-
tions, first-class maintenance, second-
class maintenance, and vehicle over-
haul. I/M programs also mandate that
buses and taxis be inspected and re-
paired regularly. Beijing City has
adopted and systematically carried
out the policy of compelling inspec-
tions and vehicle maintenance.25 Al-
though I/M programs are only a few
years old, studies of the I/M policies
in several large cities, such as Beijing,
Shanghai, and Guangzhou, reveal

that they have been fairly effective in
lowering vehicle emissions.26 For ex-
ample, in Beijing, the emissions from
vehicles have been cut down by an
average of thirty-seven to sixty per-
cent in the operating mode of dual
idling, and lowered by a total of
twenty-eight to forty-eight percent.
In Shanghai City, the emission con-
centrations of CO and HC have been
decreased on average by thirty-nine
percent. However, more reductions
could be accomplished with stronger
maintenance programs and stricter
supervision. Cost-benefit analyses
show that the implementation of I/
M program is inexpensive and effec-
tive in lowering polluting emissions.

The experience of Shenzhen City
in mandating yearly emission inspec-
tions of vehicles is representative of
the challenges Chinese cities face in
effectively implementing I/M pro-
grams. From 1991 to 1995, the yearly
emission inspections in Shenzhen
City were performed at inspection
stations, which were established by
five enterprises overseen by the po-
lice and transportation departments
of Shenzhen. Due to the lack of co-
ordination and limited knowledge of
government regulations and laws, the
enterprises responsible for the inspec-
tions were not reliable in the I/M
work and No

x
 emissions continued

to grow in Shenzhen City. Notably,

Table 9.  Growth in Liquefied Petroleum Gas (LPG) and Clean Natural Gas Vehicles (CNG)
and Stations

Number of LPG/CNG Vehicles LPG/CNG Gas StationCity/Province
12/1998 11/1999 12/1998 11/1999

Shanghai 300 10000 7 17
Shenzhen 1800 2800 1 2
Chongqing 300 430 3 6
Beijing 900 12000 6 19
Changchun 40 326 1 1
Ha’erbin 350 1200 3 10
Sichuan Province 3500 5000 34 n/a
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the city’s Environmental Protection
Bureau (EPB) was not permitted to
take part in the I/M program’s super-
vision, due to historically poor insti-
tutional cooperation between the
EPB and the city traffic administra-
tion. The enterprises performing the
yearly inspection of vehicles increased
to eleven in 1997 and because air
quality continued to worsen, the city
government decided to allow the
Shenzhen Environmental Protection
Bureau to assign experts to emission
stations. These EPB representatives
now actively supervise the inspections
according to national regulations and
NO

x
 emissions have begun to drop.27

In Shenzhen and other cities the lack
of cooperation between various city
departments on controlling local
emissions will hinder the effectiveness
of I/M program and other pollution
control policies. The empowerment
of EPBs in this area is a promising
trend.

It will take time and considerable
investment to strengthen the existing
regulations, to develop technologies
of internal-combustion engine, to
improve fuel quality, and to adopt
other measures to mitigate vehicle
emissions. Inspection and mainte-
nance (I/M) programs offer an inex-
pensive and effective means to lower
emissions in the short term. Without
proper maintenance even vehicles
with advanced pollution control de-
vices can exceed emission. Therefore,
I/M systems clearly should be part of
a long-term effective policy tool in
China’s pollution control strategy.
Comprehensive cooperation and
more stringent supervision have to be
reinforced. The settings of major
characteristic parameters for future
projects on the system of inspection
and monitoring could be similar to
the following:

• To adopt concentrated I/M sys-
tems and maintain yearly inspections.

• To adopt ASM method in test-
ing electronic fuel injection vehicles
(HC/CO/NO

x
).

• To adopt dual-idle method in
testing carburetor vehicles (HC/CO).

• To adopt free acceleration
smoke monitoring measurement in
testing diesel vehicles.

• To institutionalize inspections
within existing government transpor-
tation bureaus.

Moreover, there exist some short-
comings of I/M programs that must
quickly be addressed. For example,
the data in road inspections should
be more detailed and exact, includ-
ing running mileage of vehicles, clas-
sification of vehicle type, and exhaust
volume. Databases of I/M informa-
tion should be updated regularly so
as to monitor and understand the
scope of vehicles lacking mainte-
nance. The current emission stan-
dards were mainly referenced singly
from Europe, so the future standards
will need to be more comprehensive.
Training programs for workers in re-
pair shops should be expanded, for
the current quality of workers is very
low.

CONCLUSION

Since China is facing severe pol-
lution from urban transportation,
Chinese leaders must formulate com-
prehensive technology, economic,
and transport policies to encourage
the development of clean emissions
technology and create incentives for
producers and consumers to meet air
quality standards. Below we integrate
various policies and programs dis-
cussed in the previous section into
three policy areas—technology, eco-
nomic, and transport.

• Technology Policy. Technology
policy should mainly focus on the
advanced technologies in combus-

tion, super low emission, and alter-
native power. In manufacturing con-
ventional vehicles, the Chinese auto
industry is somewhat outdated and
only in nascent research stage for elec-
tric automobiles and hybrid vehicles.
In order to catch up with the devel-
oped countries in future, China must
target specific advanced technologies
in certain areas, for example, devel-
oping engines specifically for using
CNG or LPG; producing catalytic
converters to remove NO

x
; and pro-

moting particulate-capturing emis-
sion technology.

• Economic Policy. In order to
decrease and prevent vehicular pol-
lution, economic policy can be used
to guide production and consump-
tion towards cleaner emissions tech-
nology and cleaners fuels. For in-
stance, considering the relation be-
tween engine displacement and pol-
lutant emission, Chinese policy-
makers should create economic poli-
cies to encourage the manufacturing
of vehicles with small cylinder vol-
ume. Thus, if the number of auto-
mobiles were equal, the exhaust emis-
sion would be much lower. The Clean
Vehicles Action, which was discussed
above, was begun less than a year ago,
but it is encouraging that many cities
have been actively adjusting their eco-
nomic policies to promote its imple-
mentation. In 1998, the national gov-
ernment successfully adopted the
measures to tax leaded oil more
steeply than lead-free oil, which
helped create incentives to speed up
the phase-out of lead gasoline.

• Transport Policy. Transport
policies, such as limiting the use of
high-polluting vehicles, creating in-
centives for commuters to choose
public transport, improving the traf-
fic management equipment and
methods, and adopting ITS, could
considerably decrease traffic conges-
tion and pollution in urban areas. In
some metropolises such as Beijing and
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Shanghai, instituting high-occupancy
vehicle lanes has helped to mediate
traffic congestion to some extent.

Vehicle emissions pose consider-
able threats to human health and
quality of life in Chinese cities.
Policymakers in China have made
great progress in setting standards for
emissions and fuels. However, in or-
der to meet these standards, national
and municipal governments will need
to emphasize policies to strengthen
infrastructure, expand public trans-
port, and promote the development
of clean vehicle technology.

He Kebin is an Associate Professor in
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ence and Engineering, Tsinghua Uni-
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