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Foreword 

The chair of the Special Interest Group on Global Nonmotorized Transportation, V. Setty 
Pendakur, issued a call for papers on nonmotorized transportation in.the People's Republic 
of China and in Asia and other areas of the world; he organized several sessions for the TRB 
annual meeting around these themes. This Record is divided into two parts to represent the 
fruits <;>f these efforts. From the contents it is evident that nonmotorized transportation is of 
vital importance in the world transportation picture. It is further evident from the papers in 
this Record that considerably more attention is being paid and will be paid to nonmotorized 
transportation in developed and developing countries for reasons of cost, congestion, and 
the environment. 

v 
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Urban Transportation in China: 
Trends and Issues. 

v. SETTY PENDAKUR 

China's population was 1.1 billion in 1990; it is expected to reach 
1.3 billion by 2000. Its urban population was 33 percent in 1990 
and is expected to grow to 47 perc~nt by 2000. This enormous 
urban growth poses tremendous challenges to urban transpor
tation planners. The five megacities-Beijing, Shanghai, Shen
yang, Tianjin, and Wuhan-are planning for light rail transit/ 
subway (LRT/MRT) systems that will cost $10 billion to $15 
billion (U.S. dollars). However, China does not have the money 
and will depend on foreign aid and borrowing. Concurrently, 
planners disagree about the appropriate role of motorized and 
nonmotorized transportation, especially the bicycle: some wish 
to abolish, restrict, or redirect it, and others wish to expand its 
systems role. The global LRT/MRT experience suggests that such 
systems are expensive and take a long time to build. Forecasting 
systems for cost and ridership are unreliable: actual costs are more 
than two or three times the forecast. The urban transportation 
trends and issues in China are discussed on the basis of a very 
diverse array of data research sources. The analysis includes mode 
splits, costs, and reliability functions, and their applicability to 
Chinese cities. It proposes a strategic planning framework for 
Chinese urban areas, focusing on optimum modal mixes, invest
ment and regulatory policies, and transportation system man
agement. Although the framework has been developed particu
larly for China, it is generally applicable to other low-income 
countries in Asia. 

China's population was 1.1 billion in 1990, and it is expected 
to become 1.3 billion by 2000. In 1990 its gross national prod
uct (GNP) was $330 per person (U.S. dollars). Table 1 shows 
that China had 39 cities with more than 1 million people in 
1990; by the year 2000, there will be 46 of them. Of these, 
23 will have between 1 million and 2 million people, 18 will 
have between 2 million and 5 million, and 5-the mega
cities-will have between 5 million and 17 million (1). 

URBAN QUALITY OF LIVING 

Population Crisis Committee has measured the quality of liv
ing in the world's 100 largest metropolitan cities, whose pop
ulations range from 2 million to 29 million; 35 of these cities 
were in Asia (2). The livability index consists of the following 
components, each category having equal weight: 

• Public safety, 
•Food costs, 
•Living space, 
• Housing standards, 

School of Community and Regional Planning, University of British 
Columbia, 6333 Memorial Road, Vancouver, British Columbia, 
Canada V6T 1Z2. 

TABLE t · Chinese Agglomerations, 1990-2000 (1) 

Population 1990 

1-2 Million 23 Metro Cities 

2-5 Million 13 Agglomerations 

1. Shenyang 

2. Wuhan 

3. Guangzhou 

4. Chongqing 

5. Chengdu 

6. Harbin 

7. Xian 

8. Nanjing 

9. Dalian 

10. ZiBo 

11. Jinan 

12. Changchun 

13. Taiyuan 

>5 Million 3 Mega Cities 

1. Shanghai 

2. Beijing 

3. Tianjin 

Nore: m =million 

• Communications, 
•Education, 
• Public health, 
•Peace and quiet, 
• Traffic flow, and 
• Air quality and pollution. 

2000 

23 Metro Cities 

18 Agglomerations 

(4.8m)* 1. Guangzhou 

(3.9m) 2. Chongqing 

(3.7m) 3. Dalian 

(3.2m) 4. Chengdu 

(3.0m) 5. Jinan 

(3.0m) 6. Xian 

(2.9m) 7. Harbin 

(2.6m) 8. Nanjing 

(2.5m) 9. Changchun 

(2.5m) 10. Taiyuan 

(2.4 m) 11. Zi Bo 

(2.2m) 12. Zhengzhou 

(2.2m) 13. Kunming 

14. Guiyang 

15. Urumqi 

16. Tangshan 

17. Lanzhou 

18. Nanchang 

5 Mega C:ties 

(13.4m) 1. Shanghai 

(10.8m) 2. Beijing 

(9.4 m) 3. Tianjin 

4. Shenyang 

5. Wuhan 

(4.8m) 

(4.2m) 

(4.1 m) 

(4.1 m) 

(4.0m) 

(4.0m) 

(3.9m) 

(3.6m) 

(3.1 m) 

(3.0m) 

(2.7m) 

(2.4 m) 

(2.3 m) 

(2.2m) 

(2.1 m) 

(2.1 m) 

(2.0 m) 

(2.0 m) 

(17.0m) 

(14.0m) 

(12.8m) 

(6.3m) 

(5.3 m) 

There may be some disagreement as to the relative weight 
of each component of the index, but the methodology is rea
sonably scientific in assessing a very complex question. Three 
components are important to transportation planners: am
bient noise levels, traffic flow (average peak-hour traffic speeds 
in kilometers per hour), and air quality (air pollution mea
sured in levels of suspended particulate matter, sulphur diox
ide, and nitrogen oxide exceeding health thresholds defined 
by the World Health Organization). 

Chinese megacities fared well in this analysis, as shown in 
Table 2. Out of 100 points, Shanghai scored 56, Beijing scored 
55, Harbin scored 52, and Tianjin and Wuhan scored 51. 
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TABLE 2 Urban Living Standards in Large Metropolitan Cities in China, 1990 (1 ,2) 

City Shanghai Beijing Tianjin 

1990 Population in Million 13.4 10.8 9.4 

Urban Living Standards 56 55 51 
Score 

Levels of Ambient Noise 5 4 5 
(1-10) 

Peace & Quiet Score 6 7 6 
(1-10). 

Traffic flow: Km/h in Rush 24 41 32 
Hour 

Score (1-10) 3 6 4 

Clean Air: Alternate 16 days 272days 1900 
Pollution Measures so2 SPM ppm03 

Score (1-10) 7 1 5 

• The Best Condition Is Score 1 O 

Following closely were Nanjing with 49, Chongquin with 48, 
and Guangzhou and Shenyang with 42 each. It appears that 
livability index is inversely proportional to motorized traffic. 
Shanghai, Beijing, Harbin, Tianjin, and Wuhan have less 
motorized traffic and higher livability indexes than Guang
zhou and Shenyang, which hav~ substantially higher propor
tions of motorized traffic. 

The peak-hour traffic moved at 32 to 42 km/hr in Beijing, 
Chongquin, Harbin, Tianjin, and Wuhan, whereas it moved 
at 24 to 32· km/hr in Guangzhou, Nanjing, Shanghai, and 
Shenyang. Air quality was the worst in Beijing and Shenyang, 
followed by Guangzhou and Tianjin. 

URBAN TRANSPORTATION IN 
SELECTED CITIES 

Background 

The principal urban transportation modes in China are buses, 
trolley buses, street cars, subways, bicycles, and walking. China 
is the "Bicycle Kingdom." There were 300 million bicycles in 
1985 but only 1.2 million cars. In 1987 China produced 41 
million bicycles; the global production of bicycles was about 
99 million (3). 

In 1985 the 225 big and medium-sized cities of China had 
65 million bicycles. Bicycle ownership grew 7 perc~nt in the 
1960s, 9 percent in the 1970s, and 20 percent in the 1980s. 
This growth has occurred with government's inability to pro-

. vi de adequate public transport (buses). Low personal incomes 
and the desire for higher mobility have produced fairly high 
growth rates of bicycle ownership (4). 

Ownership of private cars and motorcycles is far beyond 
the means of almost all people in China. Therefore, the desire 
for higher personal mobility leaves them with only two op
tions: bicycle or bus. Bus fleets have not grown consistently 
with population growth. During the past 20 years, increases 
in discretionary incomes have been· accompanied by substan
tial increases in bicycle ownership. For example, in 1987 there 
was 0.6 bicycle per person in Beijing (4). 

There were 48,000 buses and trolley buses in 322 cities in 
China in 1988, compared with 42,000 in 1987. These bus sys
tems carried 24.0 billion people in 1987 and 26.8 billion in 

Shenyang Wuhan Guangzhou Chongqing Harbin Nanjing 

4.8 3.9 3.7 3.2 3.0 2.6 

42 51 42 48 52 49 

6 6 6 7 5 5 

5 5 5 5 6 3 

26 45 30 40 42 27 

3 7 4 5 6 3 

146days 123 days 
S02 

1 

SPM 

2 

1987. This ridership is small compared with the population 
base of 1.1 billion people. However, Shimazaki and Yang 
show in another paper in this Record that the average pas
senger density was 10 to 13 people per square meter in peak 
hours, which indicates tremendous overloading. 

Shanghai had 4,600 buses, Beijing 3,000, Tianjin 1,400, and 
Guangzhou 1,800. This is quite low in comparison to western 
countries and many Asian cities. For example, Shanghai had 
3.4 buses per 10,000 people, Beijing 2.8, Tianjin i.5, and 
Guangzhou 4.9 (5). 

Bicycle production increased rapidly from 13 million in 1980 
to 29 million in 1984 and to 41 million in 1988. It accounted 
for 5 billion yuan in 1984, about 0.5 percent of the GNP. 
According to Shimazaki and Yang, the average cost of private 
vehicles in 1990 was as follows: 

Vehicle 

Bicycle 
Motorcycle 
Car 

Cost (yuan) 

200 to 400 
3,000 to 15,000 
80,000 to 200,000 

The easy availability of locally. made bicycles combined with 
their reasonable cost makes them an attractive transport in
vestment. For example, in Shanghai the average household 
income in 1989 was 397 yuan and the expected savings were 
41 yuan per month. The cost of the cheapest bicycle is 200 
yuan, or 5 months' household savings (X. Lu, unpublished 
data, 1991). Many households own more than one bicycle. 

Because the public transit system was inadequate and the 
government did not wish to have any more citizens waiting 
for hours indefinitely, in 1978 it canceled the bicycle regis
tration tax and introduced a subsidy of 2 to 4 yuan per month 
for those people who rode their bicycles to work. Therefore, 
workers who used bicycles could receive a yearly subsidy of 
24 to 28 yuan ( 4). Assuming a bicycle can be used for at least 
20 years, the subsidy amounts to 480 to 960 yuan. Even at 
current rates, this is equivalent to 1.5 to 3 bicycles. This has 
encouraged bicycle ownership. In Beijing in 1986, 84 percent 
of the households had at least one bicycle and 52 percent had 
two or more. Fifty-four percent of people in Beijing ride 
bicycles regularly, and 78 percent of the total daily person 
trips are by bicycle (4). 

Many bicycle repair shops are scattered throughout the 
urban areas. Parts are manufactured locally, without any im
port content. It is very easy to replace parts and to repair and 
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maintain bicycles. Renting bicycles in China is also easy. The 
rental shops lease bicycles by the hour, by the day, and by 
the month. The rental rates are 0.2 to 0.3 yuan per hour and 
0.3 to 0.5 yuan per day (X. Lu, unpublished data, 1991). 

All bicycles are required to be registered and carry license 
plates. It is nearly impossible to steal a bic~cle ?~ to_ sell a 
stolen bicycle. Because all citizens carry 1dentiflcahon at 
all times, bicycle renting and parking is done with proper 
identification. 

Bicycle travel speeds in major urban areas were reported 
to be 13 to 18 km/hr during the morning peak hour" and 10 
to 13 km/hr in the afternoon peak hour. Average bicycle trip 
length was 9 km for men and 5 km for women. Alth?~gh 
bicycle parking space is scarce in some areas of larger cities, 
bicycle parking is not a serious problem in China (X. ~u, 
unpublished data, 1991). Waiting time has increased co~s1d
erably during the past decade. If door-to-door travel times 
are considered (walking, waiting, and travel times), bicycle 
travel is often more efficient than bus transport ( 6). 

Shanghai 

Shanghai is the largest metropolis in China. It is also the 
administration center for the .largest special economic zone, 

·covering five provinces. In 1990 Shanghai had 13.4 million 
people, a number that is expected to grow to 17 million by 
2000. Shanghai has more than 10,000 industrial enterprises 
and accounted for 6 percent of the national GNP. Heavy 
industry (cars, aircraft, petrochemicals, electronics, and power) 
accounts for 60 percent of its economic base. It ·has 200 
scientific research institutions and 49 colleges and univer
sities. Downtown Shanghai is the busiest shopping area in 
China (6). 

Several researchers have reported on transportation modes 
and changes in Shanghai during 1981-1991, as shown in Table 
3 (4-10). The share of public transit has decreased from 28 
percent in 1982 to 24 percent in 1989. This is attributed to 
both the nonincrease in bus transport supply and the resultant 

TABLE 3 Travel Modes in Metropolitan Cities in China 

C~y Reference Year Share of i:otal Person Trips% 

Walk Bicycle Bus Others Total 

Shanghai Shi, 1989 1982 58 13 28 1 100 

Midgley, 1991 1986 38 33 26 3 100 

Replogle, 1991 1986 38 33 26 3 100 

Powills, 1989 1986 41 31 24 4 100 

Shimazaki, 1991 1986 37 25 35 3 100 

Xuedong, 1991 1989 41 31 24 4 100 

Beijing Shi, 1989 1986 14 54 29 3 100 

nanjin Zhao, 1987 1981 45 44 9 2 100 

Shi, 1989 1987 43 45 10 2 100 

Thornhill, 1990 1987 50 41 9 Negl. 100 

Guangzhou World Bank, 1991 1986 38 30 28 4 100 
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increase in waiting times. Travel modes in 1989 were as fol
lows (7): 

Mode 

Walk 
Bicycle 
Bus 
Other 

.Percentage 

41 
31 
24 
4 

According to Lam and Huang in another paper in this Rec
ord, buses and trolley buses carried 1.4 million passengers 
during the morning peak hour and 10 million on an average 
day in 1982. In 1987, they carried 10.9 million passengers a 
day (6). Bus operating speeds on major arterials have de
creased slightly despite more signalization. The average op
erating speeds were 14 to 16 km/hr in 1980 and 11 to 14 km/ 
hr in 1986 (6). · 

Before 1985 motorcycle ownership was frowned on. There 
were 2,900 motorcycles in 1978 and 16,000 in 1985. Even then, 
all motorized transportation (car, motorcycle, and taxi) car
ried only 1 percent of the total travel in 1982, growing-to only 
4 percent by 1989. 

Bicycle population has grown considerably during the past 
two decades. For every 1,000 persons there were 105 bicycles 
in 1970 and 546 bicycles in 1990. During the same period, 
buses per 1,000 persons have decreased (7,10). 

The average speed in 1985 for bicycles was 13 km/hr; for 
trolley buses, 15 km/hr; and for buses, 17 km/hr (X. Lu, 
unpublished data, 1991). In 1990 the peak-hour motorized 
traffic moved at 24 km/hr (2). There were 63 fatalities per 
1,000 vehicles in Shanghai in 1985; the national average was 
99 fatalities per 1,000 vehicles (Lam and Huang). 

Part of Shanghai's first subway (MRT) line, estimated to 
cost $2 billion to $3 billion (U.S. dollars), is expected to open. 
in 1995. To complete the entire system may take 20 years 
because of financial constraints (6,7). 

Beijing 

Beijing had 10.8 1!1-illion people in 1990 and is expect~d to 
reach 14 million by 2000. There are two underground railway 
lines in Beijing-the first, a 24-km line, was completed in 
1969 and the other, a 16-km line, was completed in 1984. 
Together, they carried 500,000 passengers a day in 1991 (11). 
There were 3,000 buses and 600 trolleys in 1987 carrying 5.5 
million passengers a day (5). Since then the bus fleet has 
shrunk because of aging and nonreplacement. In 1985, out of 
280,000 motor vehicles, 260,000 were cars, jeeps, or trucks. 

The bicycle is the dominant mode of transport in Beijing. 
In 1986, 54 percent of all trips were by bicycle, 29 percent by 
bus, 14 percent by walking, and 3 percent by motorized ve
hicle, as shown in Table 3. Fifty-seven percent of all trips 
were work trips, 27 percent were recreational, and 16 percent 
were cultural. Eighty-four percent of all households had at 
least one bicycle, 32 percent had two bicycles, 13 percent had 
three bicycles, and 6 percent had four or more bicycles (4). 

The bicycle population grew rapidly in the 1980s. In 1978 
there were 2.8 million bicycles, which increased to 3.0 million 
in 1980, 6.8 million in 1987, and 8.0 million in 1990 ( 4). In 
1989 three of the busiest intersections were each handling 
more than 50,000 bicycles an hour (4). The average motor 
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vehicle speeds on Changan Street, the widest street in Beijing, 
were 35 km/hr in 1959, 30 km/hr in 1979, and 24 km/hr in 
1980 (X. Lu, unpublished data, 1991). This is the most con
gested condition in Beijing. 

Lam and Huang report that there were 45 fatalities per 
1,000 motor vehicles in Beijing. In 1987 there were 8,134 
reported accidents in Beijing. Of these, 1,975 were_ caused by 
bicycle traffic, 24 percent of the total. The fatality rate of 
bicycle traffic accidents was 1.7 deaths per 10,000 people, or 
2.5 deaths for every 100,000 bicycles. 

Recently, an automatic traffic control (ATC) system cov
ering 92 signalized intersections in the central business district 
(CBD) has been put into operation. This system is estimated 
to have increased the intersection capacity by 20 percent. By 
1993 another 250 intersections will be connected to the ATC 
system (11). 

Tianji~ 

Tianjin had 9.4 million people in 1990 and is expected to have 
12.7 million by 2000 (J). During the past decade, Tianjin has 
experienced continuing explosive growth of its industrial out
put, housing stock, and bus fleet, all increasing by 70 percent 
between 1980 and 1988 (12). In 1982 there were only 73,000 
motor vehicles, which grew to 90,000 by 1990. These are 
primarily government vehicles, because private motor vehi
cles are rarely allowed. 

In 1950 Tianjin had 14,000 bicycles and 2.4 million people; 
by 1980 it had 2. 7 million bicycles and 7 .3 million people. By 
1990 there were 4 million bicycles and 9.4 million people. 
Because of the compactness of the metropolitan area and the 
predominance of bicycle transportation, Tianjin devotes only 
4.8 percent of its land area to its streets and roads (9). In 
contrast, large cities use 35 percent of North America's land 
area for streets and roads. 

Tianjin's bus fleet had 1,400 buses/trolleys in 1990 and the 
system carried 1.6 million passengers a day. It also has a small 
underground railway system, which carries only 30,000 pas
sengers a day. The public transit system is relatively small: 
there is only one bus per 6,714 persons (6). 

In 1990 the average work trip was about 45 min (9). At 
Bell Square (CBD) in Tianjin, the average traffic speeds de
creased from 18 km/hr in 1983 to 11 km/hr in 1989 (5). 

Severe congestion often persists longer than 30 min, limiting 
traffic flow to less than 5 km/hr. Average motor vehicle speed 
is approximately 16 km/hr in the central city and less than 10 
km/hr in the more-congested areas. Investment in public 
transportation has decreased in Tianjin, from 3.6 percent of 
total capital construction investment in the 1950s to 0.5 per
cent during the 1970s. There are indications that this trend 
continued during the 1980s (13). 

The quality of Tianjin's public transit service is the lowest 
of all major Chinese cities (13). Because of very narrow streets, 
several areas are not served by the bus system. Although the 
waiting times at bus stops can be as high as 45 min, walking 
to bus stops takes only 8 min. Peak-hour bus speeds are very 
low, about 11 km/hr. Bicycles often form a "wall" in front of 
buses at many intersections, gaining efficiency and speed for 
themselves (X. Lu, unpublished data, 1991). 

Table 3 shows that in 1987, 50 percent of all trips were by 
walking, 41 percent by bicycle, and only 9 percent by public 
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transit (12). Car and motorcycle trips were negligible. Walk
ing trips increased from 1981 to 1987. 

Tianjin is an old city containing many narrow and winding 
roads. The average road has a paved width of less than 9 m. 
This historical city has many bottlenecks and dead ends. Traffic 
flow in the central area is further inhibited by street vendors. 
Severe congestion often persists in the CBD, reducing mo
torized traffic flow to less than 5 km/hr. 

Guangzhou 

Guangzhou is one of the 14 open cities of China. It is also 
the nation's gateway to foreign trade and international inter
action, as well as a transport and administrative center 
of south China, with strong ties to Hong Kong. Its urban pat
tern is broadly a combination of three linear clusters: old 
city, Tianhe, arid Huangpu. In 1990 .Guangzhou had 3.7 mil
lion people; its population is forecast to reach 4.8 million by 
2000 (J). 

From 1980to1990, its population increased from 3.0 million 
to 3.7 million (23 percent) and the number of bicycles in
creased from 1.0 million to 2.2 million (112 percent). Re
flecting high economic growth during the 1980s as well as the 
open door policy, motor vehicles increased from 21,000 to 
115,000, a growth of 448 percent. Private cars also increased 
significantly from 6,000 to 53,000 (783 percent). Private cars· 
will increase but not necessarily at the previous geometric 
rates. According to Thomas et al. in another paper in this 
Record, reliable forecasts indicate that there will be 109,000 
private cars and 3.5 million bicycles by 2000. Because of this 
enormous growth, conflicts between motorized and nonmo-
torized transportation will also increase. . 

Public transit carries 1.1 million trips daily: 69 percent by 
bus, 10.8 percent by ferry, 10 percent by trolley bus, and 0.2 
percent by taxi. There was a bus or trolley for every 2,623 
persons and a taxi for every 460 persons. The capacity gap 
for the morning peak-hour bus system is 130,000 people; this 
leads to overcrowding of up to 12 persons per square meter 
aboard the buses (14). 

Table 3 shows transportation modes in 1986 (5). Bicycle 
and walking together accounted for 68 percent. 

In 1984, 64 percent of freight was moved by road, 28 percent 
by water, and 8 percent by rail. In passenger movement, road 
transportation was even more important, carrying 72 percent 
of a total of 50 million trips; rail carried 16 percent, water 
carried 10 percent, and domestic air carried 2 percent. In 1990 
Guangzhou had 1.1 billion passenger trips a year (14). 

Traffic accidents have increased substantially, parallel to 
the growth in vehicle population, conflict between motorized 
and nonmotorized vehicles, and congestion. The number of 
reported accidents increased from 650 in 1971 to 1,800 in 1980 
and to 4,200 in 1990. Thomas et al. report that fatalities in
creased from 75 in 1971 to 120 in 1980 and to 300 in 1990. 

URBAN TRANSPORTATION POLICY 
PERSPECTIVES 

Policy System and Research Findings 

For the short term of 1991-2000, common or universal private 
ownership of cars, as it is in North America and Europe, is 
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probably beyond the means of almost all Chinese households 
(4,6,7,9,10,13,15,16). Cars will be owned mostly by govern
ments and their enterprises, except in cities such as Guang
zhou, Sheuzhen, and Canton in southern Canton because of 
their special economic status and the open door policy. Ac
cording to the paper by Thomas et al., in 1990 Guangzhou 
had the highest car ownership of all Chinese cities: 53,000 
(one car per 70 people), which is expected to reach 109 ,000 
by 2000 (one car per 44 people). 

Because of the relatively low income of most people in 
China, bicycles are still the most popular alternative to walk
ing and public transit (15). China's economic, energy, and 
living conditions will make it virtually impossible for individ
uals to own and operate private automobiles within the next 
20 to 30 years (13). For most people, this means primarily 
three modes: riding the bus, bicycling, and walking. 

Researchers disagree about why there is congestion now 
and what policies should be pursued. There is a dichotomy 
of conceptual and technical approaches to the current and 
future roles of the bicycle. As well, there are divergent views 
on what to do with public transit-bus and light rail transit 
(LRT)/MRT. By and large, Chinese authors would like to 
reduce, restrict, or remove the use of bicycles to general or 
specific areas or specific times. But others advocate accom
modating the bicycle even more. 
· The policy analysis to date is somewhat confusing. All au

thors acknowledge that bicycles are very important: they are 
energy-efficient and pollute less, and they are universally 
available, economical, and versatile for all age groups 
(3,4,6,7,9,13). However, further policy extrapolation is rid
dled with inconsistencies and contradictions. 

Zhao, while acknowledging the predominance of bicycles in 
Tianjin, states that the growth of bicycles has created many 
system-level transportation problems. He asserts that the trans
portation problems in Tianjin result from the inability of trans
portation planners to restrict the growth of bicycles. He suggests 
that if the bicycle transportation is allowed to develop unre
stricted, the state of urban transportation will worsen (11). 

Yang recognizes that bicycles are a very important means 
of urban transport in China, but he suggests that too many 
bicycles can cause problems. His main concern is that large 
bicycle volumes spill over to motor vehicle lanes, causing 
motor vehicle speeds to decrease and making motor vehicles 
wait longer at intersections (13). 

Shimazaki suggests that too much bicycle use harms urban 
transit systems. He suggests heavy bicycle traffic causes in
efficient use of road space and reduces motor vehicle speeds. 
At the same time, he acknowledges the importance of the 
bicycle within the system and suggests its incorporation with 
other modes. 

Powills and Shen have documented clearly the ways in which 
Chinese professionals view bicycles. They state that some 
people argue that bicycles are ubiquitous and uncontrollable, 
that they are a nuisance cluttering the streets, that they are 
parked everywhere, and that their users tend not to obey the 
law and therefore their numbers ought to be diminished. Buses 
are more efficient, subways move more people faster, and 
bus/motor vehicle modes will better solve the problems of 
urban transit by serving longer trips. Furthermore, China must 
move into "more modern urban transport" (7). 

Bicycles are considered by many in China to be archaic, 
inefficient symbols of backwardness-things that will give 
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way to motor vehicles sooner or later (16). These are strongly 
held philosophical views of many Chinese professionals that 
lead them to extrapolate various conclusions. For example, 
Chen has reported that in Shanghai, the bicycle is considered 
to be the principal cause of the noticeable decline in public 
transit market share that has occurred in recent years and of 
the concurrent rise in the level of traffic congestion on many 
streets in Shanghai (15). . 

Many experts are concerned with the increasing use of bi
cycles. Lu has reported that the government recently pub
lished several policies to restrict the use of bicycles: to build 
bus-only roads and to forbid bicycles on such roads, to impose 
and increase bicycle registration (license) fees, and to charge 
an ownership tax (6). These policies are being slowly imple
mented selectively but without providing alternative trans
portation options to bicycle users. Some experts believe that 
if the bicycle is allowed to develop unrestricted, the state of 
urban transportation in China will worsen (13). 

Other researchers have documented the positive aspects of 
bicycle use. Its energy-efficiency, total lack of dependency on 
foreign inputs (vehicles, parts, and repairs), economic and 
competitive pricing, availability within easy reach of low-income 
households, and versatility have all been very well docu
mented (3,6-10,12,16). Lowe has advocated the adoption of 
the bicycle as "the vehicle for a small planet" (3). She has 
also prepared policy spectrums to reduce automobile depen
dence (17). Powills and Shen have gone further to suggest 
traffic control, channelization, and traffic segregation meth- . 
odologies for accommodating bicycles in traffic engineering 
practice (7). 

Some researchers have attributed traffic congestion, dete
riorating bus systems, and decreased safety to the increasing 
number and use of bicycles (12 ,13 ,15). Only a few have pointed 
to the lack of required investment in public transportation 
systems (7,10,17). Extensive work by Midgley shows that the 
bus systems in China are inadequate and that new investment 
is not forthcoming (9). For example, if only 50 percent of the 
current bicycle users were to shift to the bus, Shanghai alone 
would require 800 to 1,200 more buses ( 6). ~urrent policy 
appears to plac_e the highest priority on increasing the bus 
system capacity and increasing its market share. (18). How
ever, this has not resulted in any significant urban bus system 
expansions (14). The availability of public transit is quite in
adequate and service levels are very low; the lowest level 
among big cities is in Tianjin (11). 

The sheer volume of people using the system during the 
peak hours is staggering. The systems are overcrowded and 
the service is poor. They have lagged behind for many years. 
As a result of severe overcrowding, many commuters avoid 
the buses and go by bicycle, even for long trips (13). Walking 
times are long because bus stops generally are spaced 1 km 
apart. Waiting time in Shanghai varies from 20 to 45 min, 
making walking and bicycling more efficient and economic 
(7). Commuters are optimizing their costs and benefits by 
walking and riding bicycles. 

Private ownership of motorcycles and mopeds is restricted 
but possible. Motorcycles are becoming more common in large 
cities. Though restricted, the increasing number of motor
cycles in Shanghai is attributed to the ingenuity of the local 
people to register them to a non-Shanghai address (8). How
ever, motorcycles and cars together account for only 2 to 3 
percent of all person trips. 
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Several studies have proposed LRT/MRT systems for 
megacities. Shanghai's new MRT system is to open for service 
in 1995. The entire system may take 20 years to complete (6). 
Guangzhou is hoping to start construction in 1993, subject 
only to the availability of $2 billion to $4 billion (U.S. dollars) 
from foreign sources, according to Thomas et al. in this Rec
ord. Plans are afoot to build LRT/MRT systems in all the 
megacities, but ~he funding must come from foreign sources. 
Even then, to complete these systems may take 15 to 30 years. 

The urban transportation situation can be summarized as 
follows: 

1. All cities want to build LRT/MRT systems, but there is 
no money; 

2. The existing bus systems are inadequate and inefficient; 
3. People use bicycles because they are efficient and 

economic; 
4. Many people walk; and 
5. The government wants to reduce, restrict, or abolish the 

use of bicycles in heavily traveled corridors. 

Urban Transportation Policy Options 

LRT/MRT systems are very large lump-sum investments re
quiring technology, equipment, parts, and training from the 
Organization for Economic Cooperation and Development 

. (OECD) countries. None of the LRT/MRT systems in the 
low-income countries has been built without direct or indirect 
heavy subsidies from the western d<;mor countries or lending 
and aid institutions (Manila, Calcutta, and Shanghai). For 
example, the proposed Lavalin LRT line in Bangkok, though 
justified as economically self-sustaining, will be indirectly sub-
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Parking 

Trip Generation 

Modal Split 

TRANSPORTATION RESEARCH RECORD 1372 

sidized with $400 million to $500 million (U.S. dollars) from 
the Canadian government and with $300 million to $400 mil
lion (U.S. dollars) from the Thai government through land 
use rights and tax holidays. Th~refore, any question of rig
orous benefit/cost analysis and user cost recovery analysis 
becomes irrelevant (19). China is no exception to these con
ditions or the political rules of the-international aid game. 

Most of the money and technology (both material and in
tellectual) required to build the LRT/MRT systems in Asia 
comes from the OECD countries. Pickrell's analysis of several 
LRT/MRT systems in North America indicates that LRT/ 
MRT cost and passenger forecasts have been unreliable. Ac
tual capital costs were 200 to 800 percent of the forecasts, 
operating .expenses up to 200 percent higJ:ier, and passenger 
volumes only 15 to 72 percent of the forecasts (20). This is a 
dismal record. Thus, the same margins of error would apply 
to LRT/MRT systems to be built in China, because donor 
countries will insist that the feasibility studies be done by 
donor-country nationals or firms. 

Kain's studies show clearly that, on the basis of cost per 
passenger capacity, exclusive grade-separated busways are 
substantially cheaper than LRT/MRT systems. For example, 
the Miami, Florida, busway system, which carries 200,000 
passengers a day, cost $1.2 billion; the Ottawa, Canada,, grade
separated exclusive busway system carries 200,000 passengers 
a day, and it cost only $190 million (21). In most cases, and 
until very heavy load factors are reached, busway/transitway 
systems are economically more efficient. 

The generalized empiric reliability funetions are shown in 
Figure 1. In general, in areas that require population, land 
use and economic base forecasting (trip generation, modal 
split, capital costs), the reliability functions are the low end. 
At the high end are maintenance costs, safety, traffic control, 

Operating Expenses 

Land Use 

Economic Base~~~~~~~ 

FORECASTS 

FIGURE 1 Reliability functions. 
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and parking. Land use and economic· development are pri
marily government activities. Coordination should come ·eas
ier. But the evidence is to the contrary. 

Incomes in China are very low, and any effort at serious 
user cost recovery is quite complex. However, we can expect 
very large passenger volumes as long as the fares are kept 
low. Revenue prediction should be a little more reliable. 

It appears, therefore, that 

1. Unless there is a massive infusion of foreign aid, the 
LRT/MRT systems in China are unlikely to be built within 5 
to 15 years. 

2. Everi if funded, the time required to complete the LRT/ 
MRT systems will most likely be about 10 to 30 years. 

3. Equal capacity exclusive busways are more cost-effective 
and may take only 10 to 15 years to complete. 

So what do we do in the meantime? 
Transportation planning strategies, for Chinese cities, will 

differ depending on city size, trip lengths, corridor volumes,. 
economic base, and individual discretionary incomes. There 
is adequate evidence to show that motorization has much to 
do with discretionary incomes and government regulations on 
their availability and purchase. Furthermore, bicycle and 
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walking trips are related to incomes, trip lengths, city size, 
and the level and cost of public transit service (22,23). These 
strategies will also differ from the short term to the long term. 
Barret's studies have shown that the long- and short-term 
strategies will be different in the developing and the developed· 
countries (24). 

LRT/MRT should be provided for, but the transportation 
system management strategies should dominate planning with 
appropriate choices of modal mix for various population groups 
and 5- to 15-year horizons. These should also include non
transport methods (urban planning) to reduce trips, trip lengths, 
and energy-efficiency and to retain environment-friendly 
transportation systems. A generalized model is shown in 
Figure 2. Even though this model has been developed spe
cifically for China, it is generally applicable to low-income 
countries. 

The large volume of bicycle and walking trips will remain 
for at least 5 to 15 years in China. The strategy should be to 
accommodate these modes efficiently while making new in
vestments in bus fleets (over 5 to 10 years) to cater to un
satisfied pent-up demand and to growth in demand. It is likely 
that applying very simplistic draconian measures to restrict 
bicycle and pedestrian modes in China without sufficiently 
comfortable and cheap alternatives will fail in practice. 

• Increase'Intersection Capacity . ATC Systems 
• Traffic Separation (NMV/MV) . Bikeways 
. Increase Bus Efficiency . Some Busways 
· Staggered Work Hours . Transport Coordination of Location of New Enterprises 

. LandUseandTrans ortCooird§in~a~timon~~§!j~~~~B[~~~S]~~&f!E!f.!'i~~~~~~~~~~ 
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FIGURE 2 Urban transportation planning strategies in China. 
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Urban Transportation Planning and 
Traffic Management in China 

WILLIAM~ H. K. LAM AND HAI-JUN HUANG 

As traffic congestion in Chinese cities worsens with the growing 
use of motor vehicles and the increasing conflicts between mo
torized and nonmotorized modes on the roads, economists, plan
ners, and politicians throughout the country pay more attention 
to traffic management and transportation planning. It is note
worthy that although many alternatives have been suggested for 
expanding the transportation system and various measures have 
been investigated for discouraging bicycle use, very few of them 
have been put into practice. This testifies to the extreme diffi
culties of regulating nonmotorized transportation in China; the 
recommended plans might not be compatible with the financial 
resources of the community. The range of possible traffic man
agement and transportation modeling techniques suitable for 
Chinese conditions is reviewed. These techniques mainly include 
land use and transportation planning, travel demand forecasting, 
signalized junction design, and area traffic control systems. The 
applicability of these techniques in China is discussed, and those 
currently used in Beijing and Shenzhen are summarized. 

Good transportation planning by itself will not solve most of 
the urban congestion problems in China. Appropriate traffic 
management schemes will be required to harness the advan
tages of measures that offer the best solutions to the antici
pated transportation problems while minimizing their adverse 
effects. Transportation planning methodologies and traffic 
management measures in developing countries differ from 
those in countries with the most advanced economies. It is 
therefore desirable to develop a basic list of development 
priorities based on transportation planning and traffic man
agement techniques appropriate to different contexts in China. 
The essential parts of such a technique include the develop-

. ment of the following: 

• Methods for devising alternative plans and development 
programs on the basis of an optimization analysis of land use 
and transportation systems. 

• Simple methods of forecasting future travel demand, which 
should not require complex data bases and extensive surveys. 

• Computer-aided design of signalized junctions and of area 
traffic control (ATCs) systems, particularly when experienced 
traffic engineers are scarce. 

• Acceptable and effective measures that would alleviate 
the problems of heavy pedestrian flows and minimize the 
conflicts between bicycles and motorized vehicles. 

Some of these techniques can possibly be adapted ·from 
existing procedures in Hong Kong, but caution must be given 

W. H.K. Lam, Department of Civil and Structural Engineering, 
Hong Kong Polytechnic, Hung Hom, Kowloon, Hong Kong. H.-J. 
Huang, School of Management, Beijing University of Aeronautics 
and Astronautics, Beijing, People's Republic of China. 

to the cultural and political differences between China and 
Hong Kong. Emphasis should be placed on encouraging sim
plicity, minimizing the manpower invested, and tailoring the 
efforts to the travel environment of China. This paper ex
amines the range of possible transportation planning meth
odologies and traffic management techniques suitable for con
ditions in China. The applicability of these techniques to China 
is discussed. 

First, the urban transportation problems and the planned 
solutions are briefly reviewed so as to give the background 
of the unique traffic characteristics in China. Two Chinese 
cities have been selected for discussion: Beijing and Shen
zhen. Their locations are shown in Figure 1. This review is 
followed by investigations of different transportation planning 
and traffic management techniques appropriate for China, 
especially those with Hong Kong "connections." Finally, the 
techniques currently used in Beijing and Shenzhen are 
summarized. 

BEUING 

Beijing is an ancient city that is more than 1,000 years old. 
It was the capital of many dynasties, including the Liao, Jin, 
Yuan, Ming, and Qing dynasties, up to the People's Republic 
of China. 

The Beijing metropolis has a total area of 16 800 km2 • The 
city is divided into 19 districts, and the total population is 
more than 10 million. The population of the Beijing urban 
area is about 6.2 million; the urban area tapes up only 2700 
km2, and the built-up areas take up about 400 km2 • 

Zheng has reviewed the transportation network in Beijing, 
in which the total length of roads in the Beijing urban area 
exceeds 3000 km and covers 27 million m2 (J). The roads in 
the center alone account for 780 km in length, covering 6.9 
million m2

• Figure 2 illustrates the main road system of Bei
jing, in which three road categories are classified, namely, 
main trunk routes (including axis routes, ring routes, through 
routes, and radial routes, for a total length of 640 km), sec
ondary trunk routes (i.e., the main roads in the districts, for 
a total length of 490 km), and local roads in small districts 
(about 560 km). There are 40 grade-separated interchanges. 

Beijing has a large population of bicycles, and pedestrians 
are extremely crowded on the streets. With the rapid increase 
in bicycle use and the continuous growth in vehicular traffic, 
it is necessary to separate pedestrians from vehicles and fast
moving vehicles frorri slow-moving bicycles. At present there 
are about 400,000 motor vehicles and 7 million bicycles in 
Beijing. 
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FIGURE 1 Locations of Beijing and Shenzhen. 

By the end of 1991, there were two underground railway 
lines in the Beijing urban area; their total length is only 40 
km. The first line is a straight line from Fuxingmen to Shi
jingshan. The second line is a circle line under the second 
Ring Road. The two lines carry more than 1 million passen
gers a day. 

The long-term plan for the underground railway network 
of Beijing consists of eight lines. Three straight lines run from 
north to south. One line runs northwest, .crosses the center 
of Beijing, and then runs to the northeast. One line runs from 
the southwest, crosses the center area, and then runs to the 
southeast. The final one is a circle line under the third Ring 
Road. According to the long-term plan, the total length of 
the Beijing underground railway will be 250 km. In view of 
the long-term planning in Beijing, a systematic planning ap
proach would be required for determining the development 
strategy for the next decade. 

Land Use and Transportation Planning 

The newly developed areas of Beijing are more than 10 times 
the size of the old city district. With the continuous expansion 
in the developing areas, attention has been given to land use 
and transportation planning. In the middle of 1990, a team 
of planners and engineers from Beijing came to Hong Kong 
to learn the Land Use and Transport Optimization (LUTO) 
model that is being used for strategic planning in Hong Kong 
(2). The LUTO model is a computer analysis system that 
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enables the simultaneous selection of land development areas 
and new transportation links by optimizing an objective func
tion consisting of land development costs and transportation 
costs, as conceptualized in Figure 3. 

However, the transportation planning process should be 
based on community development goals and objectives. The 
recommended. plans must be compatible with the financial 
resources of the community. Taking these into account, the 
LUTO model has been applied to the developing areas in 
Beijing so as to determine the road and railway de_velopment 
programs and the preferred land use plans. Nine tasks have 
been completed for setting up Beijing's LUTO model: 

1. Analyze past trends of investment in the development 
of Beijing and identify the likely investment from now to 2010. 

2. Collate and review all development plans and proposals, 
including all committed major development works and po
tential new links. 

3. Derive additional population in Beijing to be rehoused 
by 2010 and set up a land cost model. 

4. Collate socioeconomic data required for calibration of 
and forecasting with the travel demand model. 

5. Calibrate the travel demand model and build the trans
portation networks such as road, bike, public transit, and rail 
networks. 

6. Set up the maximum networks and infer the likely trans
portation management policy (control of bikes, truck routes, 
and public transit fares). 

7. Develop a cost model of the potential new roads and the 
proposed railway lines. 
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FIGURE 2 Road system of Beijing. 

8. Review planning objectives of recent studies and rec
ommend objective functions to be used in the LUTO model. 

9. Install the LUTO model on a personal computer and 
test the programs. 

A practical optimization model for the integrated land use 
and transportation planning has been developed in Beijing; 
it considers various development objectives arid financial con
straints of the community .. Its application to the long-term 
planning in Beijirig has shown the existence of significant 
common components in the. alternative growth patterns that 
optimize the usual quantitative planning goals. Thus, a sys
tematic approach for strategic planning becomes possible, 
whereby the development strategy would be built of the com
mon components of the alternative LUTO-derived patterns. 

Traffic Management Measures 

To solve the growing traffic problems in Beijing, the govern-. 
ment has continuously expanded the road system. Apart from 
this, making good use of existing roads leads to efficient traffic 
management measures in solving Beijing's road congestion. 
In recent years, the following measures have been adopted: 

~~~~LOCAL ROADS 
====SUBURBAN DISTRICT HIGHWAY 
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1. Control the increase in vehicles according to plan and 
proportion. A "passing certification" is used to prohibit about 
32 percent of the goods vehicles from entering the city during 
the day. Large amounts of goods that have fixed loading and 
unloading locations may be transported into the city only at 
night. 

2. Give traffic management priority to buses in order to 
reduce the pressure on the arterial roads and to ensure the 
efficiency of the bus operation. 

3. Promote transit services as one of the effective measures 
to attract more passengers and limit the increase in bicycles 
on the road. The transit system is being improved and ex
panded; transit transfer centers are being introduced so that 
passengers who have arrived by different modes can be col
lected and then effectively distributed over the transit lines 
expected [see paper by Wei and Ren (3)]. 

There are 39 and 53 signalized intersections in the east and 
center of Beijing, respectively, which have been controlled 
automatically by the ATC computer. Compared with the past, 
the delay for motor vehicles decreased 24 percent and that 
for bicycles, 15 percent; the capacity of intersections increased 
20 percent. By the end of 1992, 250 intersections within the 
third Ring Road will also be equipped with signal controllers 
connected to the A TC computer center. 
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FIGURE 3 Conceptual outline of land use and transportation optimization process. 

Moreover, traffic peak times are being staggered. On the 
basis of studies of passenger concentrations, the working hours 
for more than 220,000 staff from more than 450 companies 
can be staggered. This would somewhat help the rush-hour 
traffic problem. 

SHENZHEN 

Shenzhen is one of the special economic zones in China; it is 
just adjacent to the border of Hong Kong. The whole area 
of the city is 32.6 km2 ; the registered population is more than 
640,000, and the temporary or transient population is about 
300,000. Local highway construction has proceeded quickly: 
117 roads account for more than 420 km being completed. 
There are more than 45,000 motor vehicles and 300,000 bi
cycles in this city. Because Shenzhen has undergone rapid 
population growth and economic expansion since 1979, traffic 
problems have arisen especially in the urban area. 

The traffic problems of Shenzhen can be portrayed as 
crowding, blocking, and noise. In the urban area, a shortage 
of public transit facilities is obvious: there are only 4.3 buses 
per 10,000 residents (compared to 8.9 in Beijing and 8.6 in 
Shanghai). Too many bicycles, particularly at road intersec
tions, is one of the immediate causes of the various traffic 
problems at junctions. 

At present, the local government still continues in land use 
planning and transportatfon network improvement. The dis-

tribution of commercial centers has been readjusted, and some 
major trunk routes have been upgraded. Grade-separated 
interchanges are being constructed, and a light rail transit line 
is also proposed to connect to the new Huangshi International 
Airport. Public transit is being improved to attract more pas
sengers and to limit the number of bicycles on the roads. 

After investigating measures to alleviate these traffic prob
lems over the past decade, the Traffic Engineering Science 
Institute of Shenzhen (TIS) has obtained some valuable re
sults, namely, an efficient data collection framework, simpli
fied travel demand methods, a computer-aided design for 
isolated signalized junction, and an ATC system. 

Efficient Data Collection Framework 

The origin-destination ( 0-D) matrix is a spatially disaggre
gated measure of the quantity of travel within a defined study 
area. It is based on a zonal decomposition of the study area 
and simply expresses the quantity of travel between any pair 
of zones in the form of a matrix. Insofar as it can express 
travel demand, the 0-D matrix is a fundamental input for 
most problems with planning and management of transpor
. tation systems. 

Nowadays, a roadside interview survey is one of the 
commonly used methods in China to estimate the 0-D matrix 
and to collect the relevant traffic information because it is 
more flexible and less labor-intensive. However, attention 
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must be given to the selection of roadside interview stations, 
sample selection of vehicles, and design of questionnaires. 
Most of the proble.ms arising from the use of the roadside 
interview survey are related to the procedure of expansion of 
survey data. This is because trips may pass through more than 
one survey station, so some trips may be sampled more than 
once. If the survey data from different stations are added 
without proper adjustment, the long-distance trips will be 
overrepresented. 

The TIS, through a joint research project with the Civil 
and Structural Engineering Department of Hong Kong Poly
technic, conducted a comprehensive roadside interview sur
vey in Shenzhen; it has served as a basis for testing the sim
plified travel demand model. The objectives of the survey 
were to determine (a) the origins and destinations of motor
ized trips generated in Shenzhen, and (b) the choice of routes 
of motorists traveling within and through the urban areas of 
Shenzhen. 

The survey was carried out over two 2-hr peak periods (9:00 
to 11:00 a.m. and 3:00 to 5:00 p.m.) from December 15, 1987 
(Tuesday), to December 17, 1987 (Thursday) because most 
peak-hour trips in Shenzhen are made by company cars for 
business or commercial purposes. Forty-four stations were 
selected for roadside interviews. A synthetic network of 23 
zones and 328 links was adopted. Figure 4 shows the study 
area and the interview stations. 

to Guangzhou 

Hong Kong 

FIGURE 4 Locations of roadside interviews in Shenzhen. 
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In the study, a methodology for estimating an 0-D trip 
matrix from roadside interview surveys was formulated, and 
a framework for processing roadside interview data relating 
to trips crossing multiple screenlines was suggested and shown 
to be practical and useful; see Lam et al. ( 4). In the survey, 
collecting 0-D and route information by tracing the exact 
path taken on street map, with the assistance of field survey
ors, was an effective and reliable way to determine 0-D ma
trix and link choice proportions. 

There were 13,330 motorists surveyed and 13,250 valid 
questionnaires for subsequent data processing. Out of a total 
of 2 x 23 x 23 = 1,058 estimates for both a.m. and p.m. 
peak 0-D matrices, only 14 of them have variances greater 
than 1,000 (standard error = 32 trips). For these 14 estimates, 
the average of their coefficients of variation is only 0.1386, 
indicating that the estimates are quite reliable and accurate 
as far as sampling errors are concerned. 

Simplified Travel Demand Methods 

Estimating an 0-D matrix directly from traffic counts offers 
great economic advantages because it eliminates expensive 
surveys, burdensome data editing, and subsequent analysis. 
Because link flows are relatively inexpensive to obtain and 
are regularly collected for various purposes (e.g., ATC system 

Man Kam To 

Note: © Station number 
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and accident studies), and because the automation of traffic 
counts has been introduced in most of economic centers in 
.China, the possible application of such an 0-D estimation 
model is attractive. This method is suitable for the design and 
evaluation of traffic management schemes. 

The model derived by entropy maximization (EM) is one 
of the 0-D matrix estimation techniques commonly used in 
developed countries. Examples of various applications have 
been given in papers by Hall et al. (5) and Beagan and Brom
age (6). However, the accuracy of the EM model in devel
oping countries has not yet been well defined. 

Lam and Lo have examined how data information affects 
the EM model performance and estimated the effects of in
formation variability on model accuracy (7). Empirical result"s 
from Shenzhen indicate that the use of a better prior estimate 
of the trip matrix can dominate the EM model accuracy, 
especially when the link-flow information. is limited. If no 
prior information is available, then the increasing number of 
links with flow information would improve the· 0-D estima
tion effectively. Moreover, the better the link choice infor
mation, the further reduction in the prediction error is found. 
It is concluded that the EM model would be useful for short
term planning when there is no significant change in the net
work. 

However, for long-term planning, a combined trip distribution
assignment model for multiple user classes that was intro
duced by Lam and Huang would be appropriate to be used 
in China because the model can also be calibrated by traffic 
counts only (8). 

Computer-Aided Signal Design 

The designs of lane uses and stages for signal controls at 
isolated junctions are usually undertaken by experienced traffic 
engineers. The development of computer software for the 
designs of lane uses and stage sequence is valuable in devel
oping countries, especially in places where there are only a 
few·experienced traffic engineers. Much research on designing 
signal stages and timings has been conducted, but very little 
has been ·done for the optimal design of lane uses or lane 
configurations at junction approaches. Lam et al. have de
veloped an integrated model for both lane use and signal stage 
designs; this model can maximize the capacity of an isolated 
signalized junction and coordinate the signal plan of individual 
junction for ATC in Shenzhen's road network (9). It is found 
that integrated design performs better than optimal stage de
sign where a suboptimal or poor lane-use configuration is fixed 
in the latter. 

Integrated Design of Lane Uses and Signal Stages 

In the preceding study, a mixed-integer linear programming 
model for the integrated design of lane use and signal stage 
has been suggested and shown to be practical and useful in 
China, where experienced traffic engineers are scarce. The 
linking of the individual signal plan to the A TC system is also 
conducted with some fine-tuning improvements in the com
puter program (TRANSYT-7F) for minimizing the overall 
delays, stops, and fuel consumption. 
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The performance of traffic signal control plans can be mea
sured by a number of indexes, namely, Y-value (i.e., flow 
factor). among the selected junctions, number of traffic move
ments having a high degree of saturation, average vehicular 
delay, total uniform stops, total fuel consumption, speed, and 
performance index. The results of the evaluation tests on two 
selected sites in Shenzhen (see Figure 4), with respect to these 
measurement indexes, indicate that the integrated design of 
the lane use and signal stage can minimize the ¥-values but 
maximize the ultimate reserved capacities of the road junc
tions. In comparison with the existing signal plan in Site A, 
the integrated design performs better in terms of all the mea
surement indexes. In Site B, the integrated design does not 
outperform the expert's manual design in all measurements 
of system efficiency. However, it can produce results that are 
at least comparable to those designed by experienced traffic 
engineers. Moreover, manual design depends much on the 
designer's experience; hence, junction conflicts may some
times be overlooked whereas integrated design has all kinds 
of conflicts as built-in constraints. 

There is indication that both integrated and expert's manual 
designs make use of all-red for pedestrian phase. This is be
cause the junctions in Shenzhen are generally wide, so patch
ing pedestrian movements with traffic movements may not 
be advantageous. 

Application of ATC in China 

A TC is the centralized control of traffic signals on an areawide 
basis by means of computer. Usually the traffic signal con
trollers on street are linked to the central computer in the 
control center by data transmission cables. The degrees of 
sophistication of an A TC system vary from the fixed time 
plans (developed by TRANSYT) based on available traffic 
data to the fully responsive system calculated on-line (by 
SCOOT or SCAT). 

Although the TRANSYT family of programs continues to 
be one of the most widely used computer programs in the 
world for A TC, improvements are still required for modeling 
local traffic conditions in different countries. Willumsen and 
Coeymans (10) studied the effects of the TRANSYT appli
cations in Santiago, Chile, and discussed special research un
dertaken to model traffic conditions in developing countries. 

The TRANSYT program has been used to develop signal 
timing plans in Hong Kong since 1977. In China its application 
is relatively new, although SCOOT and SCAT are being used 
in Beijing and Shanghai, respectively. Wong has discussed 
the process and results of developing signal timing plans using 
TRANSYT-7F in Shenzhen (11). As a result of model cali
bration, a platoon dispersion factor of 0.45 was found most 
appropriate for all time periods. Both the model and the field 
results indicated improvements in total travel time, total de
lay, number of stops, and average speed; thus, TRANSYT-
7F is an available tool in developing signal timing for Chinese 
cities. 

CONCLUSION 

In summary, it is clear that rather than indiscriminately im
porting technologies that are relatively successful in more 
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advanced countries, China has committed itself to identifying 
ways to maximize the effectiveness of transportation planning 
and traffic management interventions. In some cases, this can 
be achieved by adapting transportation methodologies used 
in Hong Kong.· However, it should be emphasized that var
iations and adjustments are required to reflect the unique · 
nature of the transportation system in China. Traffic solutions 
must be specific to the culture and to the individual case. A 
summary of those techniques for Chinese conditions follows. 

First, the Hong Kong LUTO model is being used for stra
tegic planning in Beijing, taking into account the cultural and 
political differences between China and Hong Kong. It is 
a tool for identifying the essential decisions that need to 
be made on the land use strategy so that maximum flexibility 
can be achieved. This point is particularly important in 
Be~jing's planning in view of the rapidly changing planning 
environment. 

Second, a major problem often faced in China is the lack 
of data. An efficient data collection framework and simplified 
travel forecasting method have been developed for Shenzhen 
and are generally applicable to the situations in China. 
· Third, with the unique characteristics of road users and 
traffic composition, such as the huge number of cyclists and 
the mixture of the high- and low-speed vehicles on the road, 
the traffic parameters in Chinese Cities are very different from 
those in other parts of the world. With reference to the latest 
application of computer technology and methods for auto
mating ATC systems, a suitable computer-aided signal design 
method applicable to Shenzhen's traffic conditions has been 
developed and should be valuable in developing countries, 
especially where experienced traffic engineers are limited. 

Fourth, there has been a strong growth of the licensed 
vehicle fleet in most of the economic centers of China. To 
alleviate the growing congestion, the government pointed out 
that the old cities should be redesigned and at the same time 
A TC systems and various traffic restraint measures should be 
implemented so that the serious traffic problems can be solved. 

Finally, to minimize the conflicts between bicycles and other 
motorized vehicles in large cities of China, separated facilities 
are being introduced and effective traffic management mea
sures have been applied. More important, public transit should 
be improved to attract more passengers and to decrease the 
number of bicyclists on the streets. 
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Policy Implications of Increasing 
Motorization for N onmotorized 
Transportation in Developing Countries: 
Guangzhou, People's Republic of China 

CAROL THOMAS, ERIK FERGUSON, DAI FENG, AND JOHN DEPRIEST 

Increasing motorization in developing countries may have posi
tive or negative implications for urban mobility, mainly because 
of potential conflicts with the predominantly nonmotorized trans
portation in these countries. The potential for improved planning 
to avoid conflicts between these two increasingly important types 
of travel modes is considered. The most common difficulty in 
planning to reduce conflicts between motorized and nonmotor
ized transportation lies in the phenomenal growth in automobile 
ownership that has occurred in the last 10 or 20 years. Urban 
planning in Guangzhou (formerly Canton), China, located near 
Hong Kong is used as an example of planning to accommodate 
this phenomenon. Pooled accident data for 1989 and 1990 are 
used to illustrate the complex relationship between various types 
of collisions and traffic accident severity. Most traffic accidents 
in Guangzhou appear to reflect relative probabilities associated 
with purely random occurrences (unplanned and undesired out
comes). Some types of accidents, including those involving two 
automobiles or two motorcycles, were more severe, as measured 
in terms of the ratio of personal injury to fatality accidents, than 
was expected, relatively speaking, on an a priori basis. This sug
gests that drivers of automobiles and motorcycles in Guangzhou 
are less well prepared for the worst types of accidents than are 
pedestrians or bicyclists, and that this lack of preparation is inde
pendent of any conflicts that may arise between motorized and 
nonmotorized traffic. The random component of accident severity 
nonetheless predominates overall, with the end result being that 
pedestrians and bicyclists are much more likely than those. in 
automobiles or on motorcycles to be injured or killed when traffic 
conflicts leading to collisions between motorized and nonmotor
ized modes of travel do occur. Methods to reduce conflicts be
tween motorized and nonmotorized modes of travel under in
creasing motorization may include education, experience, or the 
construction of physical barriers through grade separation. Be
cause of the high cost of grade separation, however, it has been 
used only sparingly in most developing countries. There are some 
exclusive bicycle lanes in China, as well as some separated bicycle 
parking facilities, but not many. Other strategies of possible use 
in developing countries include the identification of truck-free 
areas or time periods and the creation of automobile-free zones 
in commercial or residential areas. In terms of controlling the 
rate of growth in automobile traffic and determining where such 
growth should occur, improved zoning regulations for automobile 
parking and the use of fees and licensing for road access may be 
used. In terms of safety, improved driving rules and better lane 
marking are important considerations. Travel demand manage-

C. Thomas and J. DePriest, Thomas Planning Services, Inc., 100 
Boylston Street, Boston, Mass. 02116. E. Ferguson, Graduate City 
Planning Program, College of Architecture, Georgia Institute of 
Technology, Atlanta, Ga. 30332. D. Feng, Guangzhou Planning Bu
reau, 80 Ji Xiang Road, Guangzhou, People's Republic of China. 

ment, in the form of comprehensive land use plan elements and 
zoning regulations that encourage employer actions to promote 
alternative modes of travel, might be considered. 

The level of motorization continues to increase rapidly in 
developing countries around the world, and this does not by 
any means exclude the People's Republic of China. China has 
undertaken a massive road building program as part of its 
overall economic development strategy, with the total mileage 
of the national highway system increasing from just 75,000 
km in 1949 to well over 1 million km in 1988 (1). This yields 
a total increase over 39 years of more than 1,250 percent, or 
an average increase of about 7 percent a year in the total 
length of the national highway system. In the 1970s, increasing 
emphasis was placed on the constrµction of higher-quality 
divided highways; in the 1980s the first grade-separated ex
pressways in China were built. 

The result of this frenetic construction activity has been the 
beginning of a national network of paved, signalized, and 
latterly exclusive right-of-way highway facilities. The main 
purpose of this exercise has been to move goods by truck from 
one city to another more efficiently and effectively, with greater 
speed and timeliness, providing a higher level of service and 
more flexibility in the operations of major industrial producers 
in China. As an indirect consequence of the development of 
this new national highway system, private automobiles slowly 
are becoming more attractive to those who can afford them 
in China. With the increasing liberalization of the economic 
system, more and more inhabitants of China will gain both 
the ability and the desire to purchase more sophisticated and 
more expensive consumer goods, including private automo
biles, vans, and motorcycles. 

Nonmotorized traffic has its own problems in developing 
countries. Pedestrians and bicyclists often make up a large 
part of urban traffic in developing countries, and China is no 
exception to this rule. Ironically, because of the relatively low 
incomes of most of the people living in China, bicycles are 
much more popular alternatives to public transportation than 
are private automobiles; motorcycles, or eyen mopeds at this 
time. Thus, in Shanghai the bicycle is considered to be the 
principal cause of the noticeable decline in public transit mar
ket share occurring in recent years, and of the concurrent rise 
in the level of traffic congestion on many local streets in 
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China's largest city (2). There is a high level of dependence 
on bicycle transport in Guangzhou (Table 1). 

Public transit may take many forms in developing countries, 
including the traditional subway, elevated, light rail, and large 
bus systems so often found in developed countries, as well as 
a wide variety of paratransit services based on rickshaws, 
jitneys, taxis, minibuses, and the like, which are more varied 
as well as more common in developing countries (3). In China 
the highest priority is still being placed on increasing the ca
pacity and maintaining the overall urban market share of 
public transit in large cities (4,5). This is not unlike that of 
urban transit officials in more capitalistic developing countries 
such as Brazil (6). 

Increasing motorization has resulted in concerns being ex
pressed in China over where to park all of the private vehicles 
now being bought or otherwise brought in to use all of the 
new roads that have been built in the past 20 years (7). Given 
the rapid population growth in urban areas, often accom
panied by even faster growth in vehicle ownership and travel, 
developing countries often exhibit much worse traffic conges
tion than do older or more established cities in the developed 
world. Responses to the problem of traffic congestion in de
veloping countries might include one or more of the following: 

1. Do nothing-let the market prevail; 
2. Implement travel demand management strategies; 
3. Improve traffic safety conditions; 
4. Develop new transportation facilities; 
5. Regulate land use through zoning; and 
6. Carry out general urban development policies. 

This paper is concerned with identifying recent trends 
in travel, in reviewing past planning practices, and in mak
ing certain recommendations for improved future planning 

TABLE 1 Guangzhou Modal Split, 1984 and 1989 

Mode Split 

Mode of Travel 1984 1989 

Non-motorized 
Walking 40.0 35.6 
Bicycling 29.9 29.8 

Motorized -- public transit 
Buses 19.5 17.2 
Vans 1.2 3.2 
Ferry boats 2.2 2.0 

Motorized -- other vehicles 
Private auto 5.0 6.0 
Taxicab 1.8 4.3 
Motorcycle 0.4 1.3 

Other 0.0 0.6 

Total 100.0 100.0 

Source: Guangzhou Urban Planning Bureau. Information for 1984 gathered 
from an original comprehensive regional origin/destination study, includ
ing a 3% sample of the total population, or 18,584 households and 60,911 
persons surveyed. Estimates for 1989 are extrapolated from 1984 travel 
data, using 1989 vehicle registration data. 
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with respect to transportation in a particular city of China, 
Guangzhou. 

RECENT TRENDS IN GUANGZHOU 

Private ownership of the means of urban transportation in 
Guangzhou and indeed in all of China is limited primarily to 
bicycles and motorbikes. Except for a few dozen automobiles 
owned by individuals, motorized vehicles are generally owned 
by the government, government agencies, joint venture groups, 
or other government-sponsored or government-permitted 
groups. This situation is likely to change as restrictions on 
private ownership continue to be relaxed. In China the trend 
toward privatization of economic activities is not nearly as far 
along as it is in some other countries struggling with centrally 
planned economies, but it appears to be proceeding more 
rapidly in southern China, where Guangzhou is, than in many 
other parts of the country. Privatization generally is still re
ferred to in China as a relatively small but rapidly growing 
component of the "planned commodity economy." 

Vehicle Registrations 

The number of motorized vehicles in China has increased 
dramatically in the recent past. In Guangzhou alone the num
ber of bicycles more than doubled and the number of mo
torcycles increased more than 40 times between 1980 and 
1990. During the same period, the number of motor vehicles 
increased by almost 10 times (Table 2). The result of this 
increase has been a significant increase in traffic congestion 
and a growing number of conflicts between motorized and 
nonmotorized modes of transportation. Conflicts occur most 
often at intersections; at which bicycles and pedestrians, often 
with little or no Iegard for the danger involved, cross paths 
with motorized vehicles. 

Observations of lifestyle, income, modernization programs, 
and local expressions indicate that the current reliance on the 
automobile will increase, especially for intercity transport. 
The government cannot continue to rely on water and rail 
transport for short-distance hauling and, in fact, is no longer 
doing so. Truck-induced traffic congestion is observed in and 
around many of China's urban areas. Furthermore, auto
mobile use in Guangzhou is increasing rapidly for very similar 
reasons, just as automobile use in Western countries increased 
in the past because of the added convenience and flexibility 
of private automobiles. (Most "private" automobiles, as re
ferred to in the West, are in fact owned and operated by the 
central government, government agencies, or local govern
ment offices. This does not by any means change the fact that 
publicly owned automobiles can and are used for many types 
of private activities, in China as in the rest of the world.) The 
automobile provides an air-conditioned ride, an important 
factor in the hot and humid climate of Guangzhou, as well as 
the ability to get to many places that are simply not accessible 
using public transit routes. Automobile rides are generally 
more comfortable and, except in areas of extreme traffic 
congestion, much faster than either bicycles or public transit 
for most trip purposes. 
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TABLE 2 Actual Number of Vehicles in Guangzhou, 1980 and 1990 

Actual Number of Vehicles Change 

Type of Vehicle 1980 

Bus 1,825 
Car• 5,971 
Truckb 13,153 
Motorcycle 3,593 
Bicycle 1,039,426 

Source: Guangzhou Urban Planning Bureau. 
• Includes cars, vans and taxis. 
b Includes large, medium and small trucks. 

Highway Safety 

With the increase in automobile traffic in Guangzhou, re
grettably, yet inevitably, has come a concomitant increase in 
the number of accidents involving property damage, personal 
injuries, and even fatalities. Whereas the total number of 
traffic accidents and fatalities increased dramatically between 
1971 and 1990, the number of personal injuries related to 
traffic accidents grew much more slowly (Figure 1). The total 
dollar cost of traffic accidents increased by more than 700 
percent between 1983 (when such records were first made 
public. by the city) and 1990. The total annual number of 
traffic-related accidents in Guangzhou increased by 134 per
cent, and the number of vehicles, including bicycles, increased 
by only 118 percent between 1980 and 1990. 

The more rapid increase in the number of traffic accidents 
may indica~e increasing traffic congestion, as well as the lack 
of familiarity of many members of the general population with 
the particular abilities as well as the limitations of motorized 
forms of transport. These accident statistics may not reflect 
accurate measurements of true exposure, but nonetheless can 
be used as crude estimates of the relative risk of traffic ac
cidents (8). A separate analysis was conducted of traffic ac
cidents in Guangzhou in 1989 and 1990 by the type of incident, 
including collisions between each of the following pairs: ve
hicles and (a) other vehicles, (b) motorcycles, (c) bicycles, 
and (d) pedestrians; and motorcycles and (a) other motor
cycles, (b) bicycles, and ( c) pedestrians. 
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FIGURE 1 Traffic-related accidents, injuries, and fatalities 
in Guangzhou, 1971-1990. 

1990 

6,644 
26,977 
51,534 

1980-90 (%) 

264.1 
371.6 
291.8 

157,677 4,288.4 
156.8 2,669,130 

All other types of collisions, including multiple-vehicle col
lisions and any collision in which the travel mode of an in
volved party was not known, were excluded from the analysis. 
The seven specific types of two-party collisions identified in 
this analysis accounted for fully 72 percent of all traffic ac
cidents reported in Guangzhou in 1989 and 1990 combined 
but only 53 percent of ~he personal injuries and 42 percent 
of the fatalities sustained during the same 2 years". Other types 
of collisions were much more likely to cause personal injury, 
especially death, than the seven types considered here. More 
than half of all traffic accidents, but only 10 percent of per
sonal injuries and traffic fatalities, involved collisions between 
two motor vehicles (Figur.e 2). 

The greatest number of traffic fatalities was associated with 
collisions between vehicles and bicycles, followed by collisions 
between vehicles and pedestrians (this excludes the "other" 
category). The ratio of accidents to injuries was similar to the 
ratio between accidents and fatalities across all types of col
lisions considered, including the "other" category (Figure 3). 
The ratio of personal injuries to deaths was lowest for colli
sions between vehicles and pedestrians, indicating that these 
types of collisions were the deadliest of those studied. The 
highest ratio of injuries to deaths was for collisions between 
motorcycles and bicycles, indicating that, although these types 
of collisions often resulted in personal'"in jury, death was a 
much less frequent occurrence, relatively speaking. 

Two-vehicle collisions resulted in personal injury or death 
relatively less frequently than did any other type of two-party 
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collision. However, when some form of bodily injury was 
involved, it led to death in two-vehicle collisions more often 
than in any of the three types of two-party collisions involving 
motorcycles, but not vehicles (Figure 3). Only collisions be
tween vehicles -and bicycles or vehicles and pedestrians had 
lower ratios of personal injuries to deaths, indicating greater 
accident severity. These results suggest that the increase in 
deaths relative to personal injuries in Guangzhou between 
1971 and 1990 may be due somewhat to an increase in the 
likelihood of traffic collisions involving larger vehicles, itself 
the natural result of increasing motorization. The ratio of cars 
to motorcycles involved in traffic accidents may have grown 
as well. 

Because of data limitations, hypotheses such as these could 
not be tested explicitly in this analysis. Fridstr0m argues that 
traffic accidents should be treated primarily as random events, 
since they are usually not the result of intentional motivation 
(9). For Guangzhou, disaggregate discrete choice models 
probably would not provide better results in causal modeling 
than would aggregate statistical models and may in fact pro
vide worse results, offsetting possible concerns regarding the 
"ecological fallacy" in inferential analysis. Under these con
ditions, our results should be fairly robust, at least at the 
aggregate level. 

Monotonic decreases were expected in the relative fre
quency of traffic accidents, grouped by accident severity and 
type of collision, throughout the entire range of possible traffic 
conflicts. This was found to be true for most types of collisions, 
suggesting that the occurrence of traffic accidents in Guang
zhou is primarily random in nature, and that the severity of 
accidents that do occur reflects the degree of inequality be
tween the two colliding parties, as measured in terms of rel
ative differences in mass and velocity (Figure 3). 

The oscillation of peaks involving ratios of the most severe 
forms of traffic accidents-namely, those involving personal 
injuries and fatalities-is somewhat shocking in this regard. 
It may be that adaptive behavior on the part of the general 
population of the city to increasing motorization has resulted 
in the avoidance of some close calls, whereas more spectacular 
traffic accidents that result in death are not being avoided as 
successfully. It appears that as motorization has increased in 
Guangzhou, motorized travelers have developed their ability 
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to avoid hitting others more rapidly than their ability to avoid 
being hit . .This could be due to a lack of experience on the 
part .of new drivers, compounded by the low starting point 
and rapid rate of motorization, with few local cultural ante
cedents to provide greater resiliency in the process of adap- . 
tation to changes in travel behavior and risk associated with 
motorization. 

Urban Growth 

· Despite official government policies aimed at severely re
stricting urban growth, the population of Guangzhou rose 
from just more than 3 million in 1980 to almost 3.6 million 
in 1990, an increase of greater than 18 percent. This rate of 
growth is projected to continue at least until the turn of the 
century, when the city's population is expected to be well over 
4 million. A concomitant increase in the rate of motorization 
that occurred during the last decade would then result in more 
than 2. 7 million vehicles in the city. However, the rate of 
vehicle growth appears to be growing at an increasing rate.· 
Our best estimates, assuming no stringent government action 
to curtail growth, range from 3.0 million to over 6.8 million 
bicycles and from 280,000 to 7.3 million motor vehicles on 
the road in Guangzhou in the year 2000 (Table 3). To coun
teract this trend, the city government has decided to limit the 
number of new motorcycle licenses and issued only 6,000 a 
year. 

In addition to the registered population, there is a large 
floating population in Guangzhou. The floating population 
consists of nonregistered rural migrants who flock to the city 
in search of better employment. Among other things, these 
migrants increase the demand for transportation, contributing 
to traffic congestion and increasing the number of potential 
conflicts between motorized and nonmotorized transporta
tion. Although it is government policy to control migration, 
people continue to move into the city from outlying rural 
areas, with or without official approval. Only recently has any 
attempt been made to measure the travel demand character
istics of this rather elusive population group for comparison 
with the travel behavior of more established social groups 
within Chinese urban areas (JO). 

Except for the floating population, local government is in 
a good position to limit the effects of commuting on traffic 
congestion, because to a large extent housing is provided 
directly by the local government. The government determines 
the location of housing on the basis of official employment 
records (11). Some factories provide housing on-site, which 
reduces the number of trips made by workers. In other in
stances, workers' housing may be located at some distance 
from their place of employment, requiring lengthy commutes. 
Policies relating to on-site housing at places of employment 
apparently have limi~d the contribution of commuting to 
urban traffic congestion in the past. Future policies regarding 
on-site housing will require further study to predict the impact 
they may have on traffic volumes and congestion within the 
city. Far less stringent but perhaps equally effective controls 
on the location of housing may be observed in nearby Hong 
Kong, where much-more-prevalent private homes are built 
on land leased from the government (12). 
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TABLE 3 Estimated Number of Vehicles in Guangzhou, 2000 

Estimated Number of Vehicles• 

Type of Vehicle LoW' Medium< Highd 

Bus 7,689 11,547 24,191 
Car" 31,220 48,618 127,224 
Truckr 59,640 90,609 201,910 
Motorcycle& 182,478 314,545 6,919,497 
Bicycle& '3,088,959 4,325,526 6,854,326 

• Assuming no additional governmental limitations. 
b Projected based on the number of transport vehicles per capita in 1990. 
c Projected based on the ratio between the increase in population between 1980 and 1990 and the 
increase in the number of each form of transportation between 1980 and 1990. 
d Projected based on the percentage increase in the number of transport vehicles in Guangzhou, 
1980-1990. 
• Includes cars, vans and taxis. 
r Includes large, medium, and small trucks. 
8 In some cases, a particular method of projection may result in a figure that exceeds the 
projected population in the year 2000. The methodologies in question do not account for any 
decrease in the rate of increase that may occur as the market for one mode of travel becomes 
saturated, or as other modes of transportation from time to time become available or otherwise 
improve their competitive position. 

. Most personal income in China is controlled by the gov
ernment and, by Western standards, is quite low per capita. 
However, there has been some relaxation of government con
trols on private sources of personal income to allow increased 
economic development to occur. The current policy on per
sonal income allows limited buying and selling of private goods 
by individuals. Farmers are major recipients of increases in 
personal income under these relaxed rules. Farmers often 
spend extra personal income to buy private vehicles, which 
are used on the farm but may also enter the city from time 
to time, increasing the level of urban traffic congestion. In
creases in personal income allow many more discretionary 
items to be purchased, including bicycles, motorbikes, and 
motorcycles. This has resulted in a large increase in the total 
number of private vehicles using public roads in Guangzhou. 

Physical Factors Affecting Transportation 

The flow of traffic is limited severely by frequently narrow 
street widths within developed parts of the city. Major streets 
often are fairly wide, but intersecting streets just as often are 
quite narrow, especially in the oldest parts of the city. Even 
in areas of more recent development, narrow streets are still 
being constructed with some regularity. Exacerbating the traffic 
problems associated with the all-too-common overly narrow 
streets is the lack of setbacks from property lines in much of 
the construction occurring today. Structures quite often are 
built right up to the street line, which can and often does 
necessitate the removal of entire buildings to widen roads at 
a later date. 

PAST PLANNING ACTIVITIES 

A 4-day symposium on traffic congestion and safety was held 
in Guangzhou in 1986 (13,p.52). Transportation officials from 
cities and provinces throughout China met to discuss traffic 
jams, speed degradation, and the rapidly increasing number 

of accidents occurring in Chinese cities during the early 1980s . 
These officials agreed that the following coping strategies might 
best serve to address these issues in the short term: 

1. Improved traffic controls, such as a greater number of 
one-way streets, determined according to local traffic pat
terns. 

2. Improved traffic regulations and facilities for cyclists. 
3. Better equipment for traffic police, such as walkie-talkies 

to communicate problems to headquarters, and an incentive 
system to motivate traffic planners to do a better job. 

4. Banishment from city streets of slow-moving vehicles, 
such as horse-drawn carts or tractors. 

5. Better research and reporting of traffic volumes in cog
nizance of the fact that traffic jams tend to occur in specific 
locations at specific times. (Bridges and railway crossings were 
frequently cited as sources of recurring traffic congestion. 
Traffic jams sometimes involved hundreds of vehicles in lines 
of 1 mi or more, particularly in larger cities such· as Beijing, 
Shanghai, Guangzhou, Wuhan, Shenyang, and Hangzhou.) 

These generalized policy observations have since been de
veloped into much more specific planning recommendations 
for the city of Guangzhou. 

Land Use Planning 

The current Guangzhou Comprehensive Plan includes pro
visions for a wide variety of improvements to the regional 
transportation system. Some of the more important trans
portation provisions within the comprehensive plan include 
the following: 

1. Circumferential highways. The highway element of the 
comprehensive plan shows several ring roads, the first of which 
is already under construction and partly open to traffic. 

2. Express highways. Several toll facilities are included in 
the comprehensive plan. The road to Foshan, a city approx-
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imately 20 km west of Guangzhou, is now open. A toll road 
linked to Hong Kong and Shenzhen is under construction. 

3. Subways. The transit element of the comprehensive plan 
calls for the construction of a subway system focused on the 
city center. The feasibility study has been completed. Con
struction is projected to begin in 1993, subject to the avail
ability of funding, some of which is still pending. The subway 
is expected to be 35.91 km long at builq-out and will include 
31 rail stations on two separate lines. 

4. Parking. The traffic circulation elements of the compre
hensive plan includes provisions for dozens of new parking 
lots and bus stations spread throughout the city, a few of 
which have already been built. The city has also adopted a 
few parking regulations. Unfortunately, these do not cover 
all existing categories of land use. Additional parking regu
lations are currently under development. Differences between 
current and proposed motor vehicles parking regulations .are 
considerable (Table 4) . 

. 5. Design standards for streets. The city has adopted design 
standards for new streets under the comprehensive plan. These 
standards relate to the grading, cross section, width, and sep
aration of motorized and nonmotorized traffic on new street.s, 
which vary in stringency for different categories of streets. 

6. Tunnels. The comprehensive plan includes provisions for 
several new tunnels, one of which is under construction be
neath the Pearl River. 

Zoning Regulations 

Until relatively recently, there was little need for the estab
lishment of local land use zoning regulations anywhere in 

· China. The central government retained ownership of all land 
and could address development issues directly, in any manner 
that would best suit national goals and objectives. Local au
tonomy and variations in local preferences were not consid
ered to be relevant. The construction of new towns, the de
velopment of joint ventures, the encouragement of increased 
levels of foreign investment, and the reinstitution of private 
control of land on a limited scale all have increased the need 
for land use zoning regulations or other similar types of local 
controls on development. The national government recog
nizes the need f~r such local controls and has recently passed 
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legislation authorizing-indeed, requiring-the develop
ment and implementation of various types of local land use 
zoning instruments. Guangzhou, like all Chinese cities, does 
not have its own comprehensive zoning laws fully in place at 
this time. Instead, the city, in conjunction with its technical 
advisor, is in the process of developing a more detailed set 
of zoning regulations. These new and more comprehensive 
zoning regulations will include some or all of the following: 

1. Plans for traffic circulation, including greatly expanded 
parking requirements; 

2. The creation of specific area planning land use districts; 
3. Allowances for mixed use development; 
4. Incentives for the provision of pedestrian ways and streets; 
5. Permission for higher-density land uses near subway sta-

tions; and · 
6. Density controls and the regulation of traffic generators. 

The proposed zoning regulations are far more comprehen
sive in scope, including motorized vehicle parking require
ments for several types of land uses that are not covered by 
local legislation at the present time (Table 4). These new 
zoning regulations, which are still under development, are 
based on realistic projected increases in both population and 
vehicle ownership levels (Table 3). Design requirements for 
off-street parking and loading also will be included. 

Traffic Regulations 

The city of Guangzhou has some fairly basic traffic regulations 
in place at this time. Drivers currently are required to 

1. Undergo testing in order to be licensed, 
2. Travel on the right-hand side of the road, 
3. Travel within designated traffic lanes, 
4. Abide by both general and posted speed limits, and 
5. Obey all posted traffic signs and signals that control the 

flow of traffic. 

In Beijing, separate traffic signals for automobiles and bi-· 
cycles are common. In Guangzhou, this is not yet normal 
practice. Drivers are permitted to turn right without stopping 

TABLE 4 Motorized Vehicle Parking Requirements in Guangzhou 

Land Use 

First class hotels 
Ordinary hotels 
Restaurant, tea houses 
High class office buildings 
Ordinary office buildings 
Shopping center 
Financial and international trade complex 
Hospitals 
Exhibition buildings 
Cinema, convention center 
Gym and stadium 
Interesting and historical spots 
Parks, landscape spots 

Source: Guangzhou Urban Planning Bureau. 

Parking Ratio 

Total number of guest rooms X 6 (m2
) 

Total number of guest rooms X 3 (m2
) 

Total floor area X 0.2 (m2
) 

Total floor area X 0.2 (m2
) 

Total floor area X 0.1 (m2
) 

Total floor area X 0.06 (m2
) 

Total floor area X 0.2 (m2
) 

Total number of beds X 2 (m2
) 

Total floor area X 0.2 (m2
) 

Total number of seats X 0.7 (m2
) 

Total number seats X 0.7 (m2
) 

Total area of land X 0.015 (m2
) 

Total area of land X 0.006 (m2
) 



24' TRANSPORTATION RESEARCH RECORD 1372 

at red lights in Guangzhou. There are a few areas of the city 
in which on-street parking is restricted or one-way traffic has 
been implemented. The city has set maximum noise levels for 
motor vehicles, on the basis of national standards. There is 
some separation of motorized and nonmotorized traffic. Ma
jor streets generally have separate bicycle lanes, although 
motorbikes and other small motorized vehicles often are ob·
served using these lanes, which technically is not allowed. 
Bicycles sometimes are observed using lanes designated for 
motorized vehicles only. In some cities, animal-drawn vehicles 
have been observed using motor vehicle lanes, even though 
animal-drawn vehicles are prohibited from entering the city 
proper i~ all of the major cities. 

FUTURE PLANNING ACTIVITIES 

Recommendations to help the city adjust to projected growth 
in private vehicles of all types were made in two major cat-

TABLE 5 Land Use Management Recommendations 

Technique 

Encourage more intense use 
around subway stations 

Provide for mixed land uses 
Plan land uses such that these 
are closer to the population 

Current Status 

Under Study 

0 

0 

from which they draw o 

Plan/design roads specifically 
for automobile traffic o 

Provide incentives for the 
construction of pedestrian ways 

Require that design review 
include consideration 
of pedestrian ways 

0 

0 

TABLE 6 Traffic Control Recommendations 

Current Status 

Technique Under Study Partly in Place In Place 

License drivers 0 

Increase traffic enforcement 0 0 

Facilitate carpooling 0 

Restrict the hours of truck 
operations in downtown areas 0 0 

Limit the availability of parking 0 0 

Require in-structure or off-street 
parking and/or loading areas 0 0 

Provide bicycle parking areas 0 0 

Require curb cuts and setbacks: 
control distance between & 
location of access points 0 

Separate traffic lanes 0 0 

Separate traffic signals for 
different modes of transport 0 

Separate streets at-grade 0 

Separate street segments for 
pedestrians, bicyles, and 
motorized vehicles 0 0 

Control street access 0 0 

Resolve intersection conflicts 0 

Create auto-restricted zones 0 0 

Require and set development 
impact fees 0 0 

Allow private construction 
and operation of roads 0 0 

Establish and/or increase toll 
facilities, licensing fees, use 
permits, and/or gasoline taxes 0 0 

Land lease--allocate % to roads 0 0 

Adopt tax increment financing 0 

Increase public awareness through 
education 0 0 

Partly in Place 

0 

0 



Thomas et al. 

egories: land use management (Table 5) and traffic control 
(Table 6). The specific recommendations range from siting 
land uses in relationship to the population being served, to 
traffic signalization improvements, increased use of one-way 
streets, and the creation of reserved bicycle parking areas. 
These recommendations were made for the following r~asons: 

•To promote the use of alternative modes of travel; 
• To reduce conflicts between motorized and nonmotorized 

transportation; 
e To identify and control required transportation infra

structure; 
• To improve traffic flow, regulations, safety, and man

agement; and 
• To establish appropriate transportation pricing strategies. 

These recommendations are in various stages of implemen
tation: some are under study and others are in place partly 
or wholly throughout the city. In general, much work remains 
to be done in this area; the problem, which is still fairly new, 
is difficult to acknowledge as being lil~ely to increase _in scope 
dramatically in future years. 

CONCLUSIONS 

Increased motorization more than likely is coming soon to 
China. In a sense, it is already there, at least in nascent form. 
On one hand, the overall level of motorization probably will 
remain low in China, at least by Western standards, for a 
very long time. On the other hand, the rate of growth in 
motorization is likely to remain high in China because of latent 
demand and a low initial starting point. Failure to recognize 
both the significance and the persistence of this trend, and to 
deal with it constructively, may result in severe problems in 
several areas, including the following: 

1. Inappropriate land use patterns to accommodate future 
growth in both motorized and nonmotorized traffic; 

2. Increasing dangers of personal injury and death to pe
destrians and bicyclists, resulting from an increasing number 
of ·unavoidable traffic conflicts; and 

3. Perhaps somewhat paradoxically, an even higher rate of 
growth in motorization than might otherwise occur, as a result 
of nonmotorized travelers' switching to faster and more con
venient motor vehicles for a very different reason-safety. 

China can avoid many of the most common mistakes that 
have occurred in the earliest stages of motorization by learning 
from and building on previous experience of countries such 
as the United States, Japan, and the European Community 
and taking those steps deemed to be necessary to mitigate 
the negative social, environmental, and energy impacts of 
automobiles. The first step is to. improve traffic controls in 
anticipation of increased travel demand, so that traffic conges
tion doe~ not lead to a loss of economic efficiency o_r reduced 
quality of life. The second step is to try to reduce the explosive 
rate of expansion in motorized transportation now being ob
served. Increasing motorization can be accommodated well 
only if it occurs at a gradual pace, to allow for the development 
of adequate infrastructure and to allow society time to make 
the necessary adjustments in lifestyle considerations and 
learning curves. 
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It is entirely feasible that China could go its own way in 
this matter, if it should choose to do so. It would appear that 
learning from the past experiences of others can produce am
ple rewqrds in terms of ~inimizing the many mistakes that 
are more likely to occur iii an era of rapid change. Taking 
action at an early stage in the urban transformation process 
known as increasing motorization is very important for 
Guangzhou. By taking careful steps to promote appropriate 
mixed-use land development and to encourage demand man
agement and supply enhancement strategies in the area of 
urban transportation planning and decision making, Guang
zhou is at the leading edge of creating a more livable urban 
environment for both motorized and nonmotorized. forms of 
transportation in developing countries such as China. 

It is unlikely that the People's Republic of China will achieve 
levels of motorization equivalent to those in Western coun
tries for deca~es. Yet, motorization is almost bound to occur, 
and at a relatively rapid pace at that. It is vital that trans
portation policy in China reflect the fact that nonmotorized 
transportation will remain important for many decades. Mo
torized transportation in China must be accommodated to 
nonmotorized transportation, rather than the reverse, if liv
able cities are to be created and maintained ·under these cir
cumstances. Innovative and cost-effective solutions to the grade
separation problem, such as improved training and education 
on traffic safety, will most likely be important, given that 
diversity and" complexity in urban travel markets is likely to 
be maintained for a lengthy period of time in China under 
current conditions. 
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Bicycle Use in Urban Areas in China 

TosHIKAzu SHIMAZAKI AND DoNGYUAN YANG 

The bicycle is the most important personal mode of transportation 
in the urban areas of China. Currently, the domestic production 
of bicycles is not only extensive but also increasing very rapidly. 
In 1988 more than 310 million bicycles were in use. The causes 
of the intensive use of bicycles and their effects on urban trans
portation are identified, and measures to overcome these prob
lems are analyzed on the basis of data from various sources. 
Several reasons for such intensive use of bicycles include (a) poor 
public transit service, (b) the relative cost of private modes of 
transportation, (c) adequate size and shape of cities, and (d) the 
bicycle's standing as a major industry in China. Hence, the im
portance of bicycles as an urban transportation mode is expected 
to increase. With the intensive use of bicydes, several related 
problems were noted: one is the high rate of traffic accidents 
involving bicycleli, and another is the traffic congestion due to 
heavy bicycle traffic. Several measures to overcome these prob
lems are being studied in China, such as reducing bicycle usage 
through the intensive construction of subways and properly man
aging bicycle traffic on the basis of basic studies related to the 
characteristics of bicycle flow. · 

The. major modes of transportation in the urban areas of 
China are buses and bicycles. Bicycles, in particular, are the 
most important personal mode of transportation in China. 
However, the overabundance of bicycles has caused various 
adverse impacts to urban transportation. To mitigate these 
impacts, several countermeasures are being undertaken. This 
paper first briefly reviews the status of the bicycle traffic in 
China and then introduces the major countermeasures being 
considered. 

OUTLINE OF BICYCLE TRAFFIC IN CHINA 

Currently, there are more than 300 million bicycles in China 
(J). Since 1980 the annual rate of increase of bicycle own
ership has been more than 10 percent. The number of bicycles 
in Tiapjin is more than 7 million, which is 33 times the number 
of cars. In 1987 the ratio of passenger transport by bicycle 
reached 81 percent of the total daily trips in Tianjin; public 
transit accounted for the remaining 19 percent (2). In 1989, 
37 percent of the total trips in Shanghai were made by walking, 
35 percent by public transit, and the remaining 25 percent by 
bicycle. In Beijing·, the ratio of trip by public transit is only 
57 percent. These are the three· largest cities in China; they 
have relatively higher levels of service of public transit than 

T. Shimazaki, Division of Geotechnical and Transportation Engi
neering, Asian Institute of Technology, G.P.O. Box 2754, Bangkok 
10501, Thailand. D. Yang, Department of Road and Traffic Engi
neering, Tongji University, Shanghai, People's Republic of China. 

other cities. Hence, it follows that the bicycle is the most 
important mode of transportation in China. 

The modal choice ratio of the bicycle is greatly related to 
the trip distance and physical condition of users. From the 
origin and destination survey conducted in the city of Nanjing, 
the relationship between trip time distance and modal choice 
ratio is as shown in Table 1 (3). In Nanjing, with a trip distance 
within 10 to 30 min, the ratio of the bicycle is the highest of 
all modes, which exceeds 50 percent. It is said that the average 
modal choice ratio of bicycle is about 35 percent in Japan ( 4). 
The ratio is even lower.in European countries. Judging from 
these ratios bicycle usage is very intensive in China. Table 2 
shows the relationship between modal choice ratio and ages 
of users (3). In Nanjing, which is a typical large city in China, 
almost half of the people between 15 and 49 years old use 
bicycles very often, but most people younger than 14 and 
older than 59 make trips by foot. 

There are both merits and demerits in the wide usage of 
bicycles. Saving energy and reducing exhaust gas are examples 
of benefits, but increasing traffic accidents is one of the de
merits. The ratio of bicycle-involved accidents reached 30 to 
50 percent of the traffic accidents in urban areas and 40 to 
70 percent of the fatal traffic accidents in China. In 1989, for 
example, bicycles in Shanghai were somewhat responsible for 
about 32 percent of the traffic accidents and 37 percent of the 
fatal traffic accidents out of the total of 7 ,527 traffic accidents. 
Moreover, the number of car-bicycle collisions in Shanghai 
was 2,254, which was more than the number of car-pedestrian 

. collisions (1,272) in 1988. The latest figure shows that the 
number of car-bicycle collisions was 1,087 and the number of 
bicycle-pedestrian collisions was 686 from January to Septem
ber in 1989 (5). 

TABLE 1 Relation Between Trip Time Distance and 
Transportation Mode in Nanjing 

Distance Walk Bicycle Public Transport 
(Min) % % ·~·o 

<10 52.6 44.0 2..0 
11-15 39.0 55.7 3.7 
16-20 35.5 52.8 9.2 
21-25 27.5 52.5 17.3 
26-30 21.9 50.9 23.7 
31-35 13.6 36.0 43.7 
36-40 11.6 35.6 45.4 
41-45 s.o 32.7 50.6 
46-50 8.2 24.9 58.2 
51-55 6.0 19.9 64.4 
56-60 7.0 6.2 62.9 
>60 7.6 14.4 15.0 
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TABLE 2 Relation Between Age of User and Transportation 
Mode in Nanjing 

Public 
Age Walk Bicycle Transport 

% % % 

6-14 84.2 8.1 6.0 
15-19 35.8 43.6 19.0 
20-24 16.5 54.2 25.8 
25-29 13.0 58.0 24.6 
30-39 15.0 58.5 21. l 
40-49 28.7 47.4 20.1 
50-59 42.9 36.5 17.0 
>59 61. 3 20.7 15.7 

REASONS FOR POPULARITY OF BICYCLE USE 

Low Level of Service of Public Transit 

In 1988 about 48,000 buses and trolley buses were used for 
the public transit service in more than 322 of 431 cities in 
China (6,7). The number of buses increased 14 percent a year 
from 42,000 in 1987. Buses, the major mode of public pas
senger transportation, carried 26.8 billion people in 1988. The 
ridership increased by about 2.8 billion in 1987. Although 
ridership looks very large, it is small in comparison with its 
population of 1.1 billion people. The low level of service of 
public transit is characterized by its average passenger density 
of 10 to 13 people per square meter in peak hours. Accord
ingly, the average ridership of public transit is very small; it 
was about 20 percent in Tianjin in 1987. 

Subway systems serve in Beijing and Tianjin only. The total 
number of subway coaches is 274, and the passenger volume 
is about 31.9 million a year (6,7). · 

The number of taxis is very small-only 13,223. This is 
much lower per capita considering that there are only 0.93 
taxis per 1,000 people in Shanghai, 1.18 in Beijing, and 2.56 
in Guangzhou (8,p.12). In addition, taxis are used mainly for 
foreigners and tourists, not for daily transportation. 

Economic and Financial Background 

Because bicycle production is a major industry in China, the 
increase of bicycle production is highly encouraged by the 
government. Bicycle production accounted for about 5 billion 
yuan in 1984, which is approximately 0.5 percent of China's 
gross national product (9). The number of bicycles produced 
was 13 million in 1980, 28.6 million in 1984, and 41.2 million 
in 1988 (J). 

During the oil crisis from 1949 to 1965, the Chinese gov
ernment encouraged walking and riding bicycles because of 
the shortage and high price of petroleum. Since the accident 
rate of motorcycles is high, the Chinese government now 
restricts the use of motorcycles in urban areas .. The average 
prices of personal modes of transportation in China are as 
follows: 

Mode 

Bicycle 
Motorcycle 
Car 

Price (yuan) 

200-400 
3 ,000-15 ,000 
80,000-200,000 
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The typical price of an ordinary bicycle is about 200 to 400 
yuan (4.6 yuan = $1.00 U.S.) The average monthly wage of 
workers is about 150 to 200 yuan, which makes the bicycle 
affordable. In addition to this, the Chinese government sub
sidizes $20 (U.S. dollars) a year to the bicycle commuter, 
although the amount depends on the city. Consequently, it is 
normal for bicycles to be the major mode of personal trans
portation in the urban areas of China. 

Size and Shape of Cities · 

The typical trip length by bicycle is about 6 km, or a Y2-hr 
ride in China (JO). The area of a circle with a 6-km diameter 
is about 30 km2, and the area of most Chinese cities is less 
than this. This is one of the reasons that bicycles can be useful 
for personal transportation. Likewise, bicycles are also im
portant in large cities, considering that most of the large Chinese 
cities have only one central business district, in which almost 
all the commuters gather. The commuting pattern looks like 
the diagram shown in Figure 1. The·area for this case is about 
113 km2, but the area of most of large cities is less than 100 
km2. This is the reason that bicycles are useful even in large 
cities. Accordingly, a bicycle trip can easily cover the com
muting areas in most Chinese cities. 

Easiness of Bicycle Use 

From Table 2, more than one-third of people between ages 
13 and 59 use bicycles. Moreover, more than 20 percent of 
people-even those older than 60-use bicycles. This is partly 
because bicycles are very easy to handle. It is said that people 
between 13 and 70 years old can ride a bicycle after a week 
of practice. 
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FIGURE 1 Schematic diagram of bicycle trip 
pattern in large Chinese cities. 
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EFFECTS OF BICYCLE TRAFFIC ON URBAN 
TRAFFIC CONDITION 

The heavy bicycle traffic has caused various problems for 
urban traffic. Traffic accidents involving bicycles are the issue 
for which the influencing extent is the smallest but the most 

· serious. Inefficiency of road usage is the issue for which the 
influencing extent is the largest. There are many issues be
tween these two; major ones follow. 

Traffic Accidents Caused by Heavy Bicycle Traffic 

Figure 2 shows a schematic diagram of traffic flow at a crossing 
when the traffic signal is green. As bicycles mingle with cars, 
the chances of collision become great. When lanes for cars 
and bicycles are not properly separated, serious traffic acci
dents sometimes occur because bicycles suddenly turn left to 
cross a road. The ratio of accidents of this type is about 30 
percent in Shanghai (5). 

Reduction of Vehicle Speed 

At Drum Building Square in Nanjing, the average vehicle 
speed decreased from 18.14 km/hr in 1983 to 11.17 km/hr in 
1989, which corresponds to the increase of volume of bicycle 
traffic from 163,142 bicycles in 1983 to 277 ,469 in 1989 (11). 
Similarly, at Sanjie Street crossing, the average car speed 
decreased to 8.78 km/hr in 1989 from 15.59 km/hr in 1983, 
which also corresponds to the increase of bicycle traffic vol
ume in 8 years from 114,410 bicycles to 203,528. 

Inefficiency of Road Use 

Compared with buses, bicycles. do not fully use road capacity. 
The 1988 data obtained by authors in Guangzhou give the 
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FIGURE 2 Schematic diagram of traffic 
flow at crossing when traffic signal is 
green. 
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following facts. During peak hours, the average speed of bi
cycle is 5 to 8 km/hr with a required road area of 3.8 to 5.1 
m2/bicycle. During off-peak hours, the speed is 13.8 km/hr 
with a required area of 8.1 m2• This means that eight bicycles 
are equivalent to one large bus in terms of required road area. 
Because the number of bicycles in Guangzhou was 1 million 
in 1988, bicycles require the same area as 125,000 buses. As 
for the traffic capacity, a large bus in China can accommodate 
160 passengers. A million passengers can be transported by 
only 6,250 buses. Although these are rough estimates, we can 
deduce that bicycles are very inefficient in terms of road usage. 
This fact could possibly lead to more investments in road 
construction in urban areas. 

EFFORTS TO MITIGATE ADVERSE EFFECTS OF 
BICYCLE TRAFFIC IN CHINA 

China is one of the world's leading bicycle users. The devel
opment of mitigation measures that influence bicycle traffic 
is one of the most crucial issues in China. 

Separation of Car and Bicycle Flows 

Figure 3 shows a typical cross section of a road in an urban 
area. It is considered that physically separating cars and bi
cycles is the best way to reduce accidents between them. 
Separation is tried even at a flyover in China. Figure 4 shows 
the plan of the flyover, at which lanes exclusive for bicycles 
are installed in Beijing (12). 

FIGURE 3 Standard cross section of road in urban area . 

Exclusive Lane for 

?ZZZZZZ2 Bicycle 

Car 

FIGURE 4 Plan for flyover with exclusive lane for bicycles in 
Beijing. 
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Level of Service of Public Transit 

There is an adequate mix of transportation modes depending 
on the scale of cities, population density, available mode of 
transportation, and so on. Generally sp~aking, the ratio of 
bicycle use in urban areas in China exceeds this adequate 
level. Chinese engineers and planners consider the impor
tance of diverting bicycle users to public transit by raising the 
level of service of the public transit system. The severe short
comings of the public transit in China are its slow speed and 
congestion. However, efforts to raise the level of service of 
public transit are being undertaken. The first concern is to 
increase the average speed of buses on trunk roads. The low 
road density in urban areas makes it difficult to build exclusive 
lanes for buses in China. Hence, measures based on trans
portation system management are considered for the major 
policies. 

In the central district of Shanghai, bicycles are prohibited 
in some roads; they are also prohibited from turning left at 
some crossings during peak hours. The traffic congestion 
problem on arterial roads is solved to some extent because 
bicycles do not necessarily suffer from these restrictions, be
cause they can use the secondary roads near the main road. 
However, this may inconvenience bicycles and increase the 
danger.to pedestrians on secondary roads. Since the bus ser
vice is the only public transit in Shanghai now, full use of bus 
is the only possible measure to solve the transportation 
congestion problem. Substantial improvements, such as con
struction of new roads, are almost impossible, although the 
subways are now being constructed. To improve the total 
performance of road usage, restriction of bicycles on arterial 
roads is almost the only measure. As for the increase of danger 
to pedestrian, we can only expect a level of danger that is less 
with the bicycles than with the vehicles. With this restriction, 
the average speed of vehicles on the main roads has improved. 

Exclusive Lane for 

-- Car 
- - Bicycle 
······· Bus 

FIGURE 5 Road network system 
in new economic development 
district near Shanghai. 
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An increase of bus speed by 0.5 km/hr and 1.5 km/hr increases 
the transportation volume by 9.5 percent and the ·transpor
tation capacity by 14.5 percent, respectively (13). 

In long-range planning, construction of public mass transit 
systems, such as subways, is required and is now under con
sideration. 

Improvement of Road System in Urban Area 

Taking the side of long-range planning of roads, the improve
ment of the road system in urban areas should be considered. 
One major point is to consider bicycle traffic in the planning 
stage. Figure 5 is an example of this that shows the road 
network system in the new economic development district on 
the east side of Huanpu River near Shanghai (14). It is noted 
that an exclusive road for bicycles was planned from the 
beginning. 

CONCLUSIONS 

From the foregoing discussion, we can conclude the following: 

· • Overintensive use of bicycles causes urban transportation 
problems in China. Considering the importance of the bicycle 
because of the lack of sufficient· public transportation, the 
solution to this problem is not to eliminate bicycles but to 
find adequate meas~res of coordination of bicycle and other 
mode of transportation. 

• Overuse of bicycle in urban areas may harm the urban 
transportation system. The level of bicycle usage should then 
be kept within an adequate level in accordance-with the urban 
development. 

• In long-range planning, exclusive roads for bicycles should 
·be considered. 
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Planning for Low-Cost Travel Modes 
Ningbo, China 

• 
Ill 

WALTER JAMIESON AND BRENDAL. NAYLOR 

Economic, social, and technological forces constitute new stresses 
on the transportation systems of many of China's cities. There is 
a need to go beyond western models of transportation planning 
that meet the needs of motorized traffic and recover and discover 
models that can more appropriately accommodate low-cost modes 
in mixed traffic environment. Ningbo, a city south of Shanghai, 
is a typical case. A joint Chinese-Canadian study there found a 
high level of support for bicycle use on the part of the general 
public, low satisfaction with public transportation, ineffectual en
forcement of existing regulations, poor integration between var
ious levels of planning officials, insufficient levels of funding for 
low-cost travel modes, and little awareness on the parts of officials 
and professionals on what to do with bicycles. Changes in national 
priorities are needed with more emphasis placed on existing and 
improved environmentally friendly and economically feasible travel 
modes, given China's national priorities and resources. Local 
strategies must broaden to include a range of network and phys
ical changes, as well as restructured management and planning, 
including more integrated means of decision making, and adop- . 
tion of strategic planning. Strategies suggested are not new, but 
they demand a new approach. Ensuring implementation will re
quire political and professional change in attitudes and practices: 
Western models of transportation planning are environmentally, 
socially, and economically incompatible with present realities. In 
many aspects the current Chinese transportation system, which 
relies heavily on low-cost travel modes, is leading edge and could 
become an international model for future transportation planning. 

The initial objective of the Ningbo Low-Cost Travel Modes 
Study was to document and evaluate the existing role for low
cost travel modes in meeting the needs of the urban popu
lation ·and present guidelines for low-cost modes' inclusion in 
the overall planning process. Urban transportation system 
infrastructure and operating characteristics, trip and user 
characteristics and attitudes, and planning and administrat.ive 
frameworks in the city of Ningbo (province of Zhejiang), 
People's Republic of China, are profiled in this study. 

The role of nonmotorized modes is considered to be as 
important as public transit in essential daily trips; the restric
tion of private motor vehicle use is advocated in mid-sized 
Chinese cities (J). Such recognition would seem to ensure 
continued prominence for low-cost modes, but several prob
lems have been reported over the past decade that affect the 
public's and policy makers' perceptions alike: 

• Alleged decreasing safety, with a perception of a rising 
number of accidents and deaths involving bicycles in conflict 
with motorized vehicles; 

Department of Environmental Design, University of Calgary, Cal
gary, Alberta, Canada TIN 1N4. 

• Congestion on inadequate road systems leading to de
creased speed of motorized transportation particularly public 
buses, leading to still greater numbers of bicycles in use; and 

• Overlapping functions and often inappropriate design and 
management of the urban street. 

In addition, reports in journals and newspapers a·nd conver
sations with bureaucrats reveal bias against low-cost modes 
(2,3). Cities such as Taiwan, Los Angeles, and Houston were 
often cited as good city models. 

METHODOLOGY 

Statistical and other data were obtained from a number of 
sources to provide information on Ningbo's current situation. 
Key informant interviews with bureaucrats and policy makers 
revealed some constraints to particular transportation plan
ning approaches and management measures in the Chinese 
urban center. 

To investigate user characteristics and perceptions of the 
transportation system, two major surveys were conducted. 
The first questionnaire was administered to every worker and 
student (12 years of age or older) in 150 households (N 
= 390). Household and individual level variables detailed 
mode choice, satisfaction, perceptions, and trip characteris
tics. A second survey examined 900 women's daily travel ex
perience and their perceptions. Data collected provided in
formation about usual modes of travel for various activities, 
perceptions of advantages and disadvantages of modes, con
cerns about personal travel and the overall transportation 
system, as well as suggestions as to how to improve it. Video
taped and personal observation: of travelers' and traffic man
agers' behavior complemented the more quantitative infor
mation, concentrating on identifying traveler behavior and 
compliance with regulations and enforcement officials. 

NINGBO 

There is no attempt in this paper to provide a fully developed 
political, economic, and physical context for the case study. 
Our intent is only to provide sufficient information to evaluate 
the suggested changes to the city's transportation manage
ment and planning approaches. 

As illustrated in Figure 1, Ningbo is 225 km (140 nautical
mi) south of Shanghai, and 19 km inland from its harbor on 
the East China Sea. The city has been continuously occupied 
for more than 1,200 years. Situated at the confluence of two 
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FIGURE 1 Location of Ningbo. 
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rivers, the city is divided into three zones: Haisu, the formerly 
walled feudal city, and its outlying suburbs (characterized by 
an organic street layout); Jiang Dong, the east river, a new 
residential area; and Jiang Bei, the north river, a largely in
dustrial zqne. The three zones (shown in Figure 2) cover less 
than 65 km2 • The organic layout of Haisu covers nearly 29 
km2 and had an urban population in 1990 of 429,368 ( 4). Haisu 
is characterized by a mixture of functions, accommodating 
residence, commercial activity, and financial, administrative, 
and trade offices. The newer districts house about 50 percent 
of the urban population and include light industrial zones as 
well. 

Designated as one of 14 open coastal cities in 1984, Ningbo 
is empowered to pursue foreign investments [up to $5 million 
in value (5)] with relative autonomy. The cities so designated 

c:::::J Residential llillllIIllllll Industrial ~ Institutional ~ Warehouse 

FIGURE 2 Ningbo city zones and land use designated in 
master plan. 
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are expected to act as growth poles for the surrounding region 
(6,7). Ranked 10th of 467 urban centers in China for its 
growth in gross industrial product (Weng, unpublished data) 
[up from position 16 in 1984, and 13 in 1986 (8)], Ningbo 
commands a higher-than-average degree of foreign and do
mestic investment in infrastructure. The agricultural sector 
coi:itributes 11.4 percent of annual total value of Ningbo pro
duction; light and heavy industries constitute 60 and 40 per
cent, respectively, of the total industrial sector output (88.6 
percent of Ningbo's total annual production value). Non
agricultural enterprises, in addition to freight handling, in
clude textile production, food processing, shipbuilding, 
petrochemical and petroleum processing, and mechanical 
and electronic equipment manufacture (8). 

In 1990, 72.9 percent.of Ningbo household residents were 
wage earners, and the average family size was 3.16. Living 
area was 8.5 m2/person, up from 7 .2 m2 in 1984. Expenditures 
on goods comprised 91 percent, and services 8 percent, of 
expenses, with food absorbing the largest proportion of spend
ing, at 56 percent. There were 222 bicycles for every 100 
households in 1990, exceeded only by the ownership of electric 
fans, at 265 for every 100 households (USEIT, unpublished 
data). 

Since 1979 the increases in numbers of motorized vehicles 
and bicycles in Ningbo total 390 and 350 percent, respectively. 
In Ningbo there is one bicycle for every 2.4 persons and one 
motorized vehicle for every 98 residents. Almost all the motor 
vehicles are owned by work units and government depart-

. ments. In 1989 heavy-duty tricycles and handcarts (commonly 
used in inner-city goods distribution) numbered about 10,000. 
Recently, policy was introduced that disallows licensing any 
new vehicles of these types, aimed at decreasing usage through 
attrition (Traffic Police, unpublished data). 

One difficulty in assessing the present and future use of the 
transportation system is the existence of a large "floating" 
population, including tourists, traveling business people; vis
itors, temporary workers, market sellers, and shoppers. Their 
total numbers represent 10 to 12 percent of the registered 
urban population in some centers (9). 

TRANSPORTATION SYSTEM 

Ro~d Network 

Typical road sections are normally of only two types: 
(a) crowned road surface from curb to curb with sidewalk 
provided either side of the carriageway, or (b) separate lane
ways demarcated or fenced off for bicycles (and other non
motorized travel), again with sidewalks provided on the out
side of these lanes. Lanes and alleys typically have no separation 
of modes and vary in width, surfacing, and alignment (Figures 
3 through 6). These normally serve mainly as access routes 
for local traffic and goods delivery vehicles. Nearly 60 percent 
(123.6 km) of the total road length of 216 km is in lanes less 
than 3.5 m wide; about one-third of the road length comes 
.in roads 10 m or more wide. (Weng, unpublished data.) 

There is competition between through traffic and destination
oriented traffic in the city center, and conflicts also arise from 
competition between different street users. Hawkers compete 
for street or sidewalk space with pedestrians, and cyclists and 
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FIGURE 3 Typical street sections: Main Street with lane 
marking. 

residents carry out domestic chores or socialize on the streets 
fronting their residences. 

Public Transportation 

Public transportation is used by only 3 to 4 percent of urban 
residents for regular trips. A total of 15 routes operated in 
the Haisu and old city zones in 1990, with the earliest run 
starting at 5:10 a.m. and the latest run at 9:20 p.m. However, 
most service finishes between 6:30 p.m. and 7:30 p.m.· The 
floating population and visitors constitute a large proportion 
of passengers. Fleet size now totals 223, or 1 vehicle for every 
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1,900 (registered nonagricultural) residents, an increase in 
vehicles of 128 percent since 1978. Fares were raised in July 
1990, leading to a decrease in ridership, increase in profits, 
and decrease in investment by local government. (Public 
Transportation Company, unpublished data) 

Trip and User Characteristics 

Modal Split 

The overwhelming majority of daily commuting trips are made 
by bicycle, as shown in Table 1. However, mode choice does 

·vary by sex, age, and activity: women make greater use of. 
public transportation, and their frequency of cycling declines 
at a younger age. 

Trip Duration 

Daily commuting trip durations are distributed as shown in 
Table 2. City planning aims to enable most residents to reach 
their workplace within 30 min, and this has been largely ac
·complished: nearly 80 percent of commuter trips meet this 
standard. 

\ 
~•~IC. 

FIGURE 4 Typical street sections: Main Street with separating fence. 

FIGURE 5 Typical street sections: Service Road 1. FIGURE 6 Typical street sections: Service Road 2. 
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TABLE 1 Modal Split for Various Activities, Two Surveys 

CQmmyt~ 

Full Sam2le 
Mode(%) Total.a Male8 Female8 

Women Onlt Sam2leb,c 
Work S"" op EscOrtd VlSlt 

Walk 11.5 8.1 15.6 17.9 60.3 17.2 12.5 
Cycle 82.3 86.3 77.7 75.9 38.7 82.8 70.1 
Bus 4.0 2.8 5.6 4.8 1.1 17.5 
Unit Bus 1.8 2.4 1.1 1.3 
Motorc~cle 0.3 

N 390 211 179 756 672 181 887 
a Ningbo Commuters Survey, June, 1990 c refers only to those reported 

carrying out the activity 
b Ningbo Women's Travel Survey, July, 1990 d escort child to schooVcare 

TABLE 2 Trip Duration: Total Sample by Sex and Mode 

Bl'. Sex(~) Bl'. M~ Qf Trav~l (~) 
Time (min) Male Female Walk £xcle Bus Unit Bus 

t<20 23.7 13.4 46.7 16.5 0.0 0.0 
20~t<30 38.4 43.0 35.6 43.9 6.2 0.0 
30~t<40 18.5 21.8 6.7 22.7 6.2 14.3 
40~t<50 14.7 16.2 8.9 15.6 31.2 14.3 
50~t<60 2.8 3.4 2.2 0.9 25.0 42.9 
t~60 1.9 2.2 0.0 0.3 31.2 28.6 

TOTAL3 100.0 100.0 100.1 100.9 99.8 100.1 

SouRcE: Ningbo Commuters Survey, June, 1990 
a may not total 100% due to rounding 

Satisfaction with Transportation Modes 

Saving labor and controlling time of arrival were the major 
reasons cited for bicycle use. Less than 14 percent of respon
dents to the commuter survey reported being fairly or very . 
dissatisfied with their current modes, although riders may 
discount their dissatisfaction in the face of a lack of viable 
alternatives. Of those dissatisfied, 58 percent would change 
their modes (almost 40 percent of these prefer to use a mo
torbike), while the remainder would change their workplace 
or residential location (18 percent each). Five problems of 
cycling cited by nearly equal numbers of respondents were 
parking problems, frequent breakdowns, theft, weather, and 
road conditions. 

Lack of satisfaction with the public transit system explained 
low ridership levels-less than 12 percent reported being fairly 
or very satisfied with the bus service, and a third were fairly 
dissatisfied. Top reasons for dissatisfaction were long waiting 
time (39 percent), overcrowding (33 percent), and not running 
on time (17 percent). In both surveys respondents indicated 
a desire to use the bus if routes and operating schedules were 
more convenient. 

Perceptions of Transportation System 

In the commuter study, more than 60 percent reported that 
the traffic situation was somewhat better than it was before 
(the survey question was not specific as to period of time). 
Only 10 percent believed the situation to be worse or much 
worse. This contrasts with perceptions of the women sur
veyed: 55 percent perceived walking and 71 percent perceived 
cycling to be more dangerous than they were 5 years ago. 
(Wording of the two questions could have influenced the 
responses.) 

Women respondents were asked to identify Ningbo's most 
significant transportation problem. Congestion ranked first 
( 40 percent); a concern for road conditions was identified by 
25 percent of respondents. Public transportation ranked third 
with almost 15 percent. 

Accidents 

Less than 6 percent of cyclists reported having had an accident 
in the last 2 years, although in the women-only survey there 
was a slightly higher proportion of reported accidents (prob
ably due to greater specificity regarding the definition of ac
cident). Conflicts with other modes of nonmotorized trans
portation were most common, and conflicts with roadway 
obstacles were next most common. No conflicts with pedes
trians were reported. Reasons that survey respondents cited 
for accidents included congestion and poor traffic manage
ment, as well as carelessness and high rate of speed. The 
Ningbo Traffic Police attributed accidents to poor traveler 
behavior due to lack of education, poor layout of streets, 
distribution of flows, congestion, and poor vehicle mainte
nance (Traffic Police, unpublished data). 

There is no clear relationship between the rising ownership 
of either nonmotorized or motorized vehicles and fatalities. 
The number of fatal accidents fluctuates considerably; it has 
declined 10 percent since the 1987 peak of 51 deaths. Injury 
accidents have also declined, to 130 in 1990-less than half 
the peak of 304 in 1986. 

Enforcement 

Traffic police appeared to be ineffectual; it was often noted 
that they merely observed traffic rather than contributed to 
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its efficient and safe operation. Retired workers are often 
employed as traffic wardens, serving a community enforce
ment role. Usually they carry out their duties with care, and 
often with zeal, but few reprimands or fines were administered 

, by any authorities. When questioned as to why greater en
forcement efforts were not directed at cyclists, bureaucrats 
and researchers responded that it would be "unfair" to single 
out any individual rider, because many were probably dis
regarding the regulations. 

PLANNING AND ADMINISTRATIVE 
FRAMEWORKS 

National Urban Transportation Policy 

In 1983 a meeting of 180 Chinese local- and national-level 
transportation planners and researchers from various city de
partments, industries, and schools investigated the role of 
bicycles in urban transportation (10). They assessed the mer
its,· probl~ms, and evolving trends of the bicycle, and rec
ommended some measures to constrain bicycle and private 
motorized travel. Paralleling conclusions found in the national 
policy, these measures centered on the following: 

• Renovating and constructing new transportation facili
ties, including channelization; providing parking lots; and re
defining the rpute network for various modes; 

• Encouraging public transportation system development
by incorporating consideration of accessibility by secondary 
modes and using park-and-ride facilities where possible; 

• Restricting private motorized vehicle use and controlling 
nonmotorized modes of transportation achieving a modal split 
based on city size. Transit is to predominate in large cities 
(population more than 500,000); transit and nonmotorized 
transportation are to share the load in medium-sized cities 
(population 100,000 to 500,000); and bicycles are to be dom
inant in small centers; 

•Improving traffic control; and 
• Improving transfer between inter- and intracity trips and 

decreasing the numbers of through travelers in the center city. 

As well, other unpublished research on personal transpor
tation in Beijing concluded that 

• Travel demand management could improve the efficiency 
of existing facilities; 

• Priority should be given to public transit system devel-
opment; 

• Taxes should be levied on users of private motor vehicles; 
• Public education campaigns should be stepped up; and 
• Further research should be carried out on research meth

ods, effects on transportation of rising socioeconomic welfare, 
and land use-transportation interactions. 

Ningbo Planning Framework and Environment 

Ningbo's transportation system is managed by a number of 
departments of the municipal government, as outlined in Fig
ure 7. The Municipal People's Congress (revolutionary com-
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mittee), or a standing committee appointed by it, has final 
decision-making_ authority on plans and projects. In Ningbo 
the planning and building bureau proposes projects and pro
grams, which are discussed at the committee level, with input 
from the urban and rural construction, taxation, and financial 
committees. The results of these discussions are submitted to 
the mayor for his or her discussion and approval or that of 
the Municipal People's Congress (or the standing committee 
of same). 

Bureaus under each of the commissions "may communicate 
directly with the bureaus under another commission on mat
ters on which policy decisions have already been coordinated" 
(11). New issues must move upward to the commission heads 
for joint discussions and agreement before any action is taken 
by lower levels. Even with regular formal and informal con
sultation, the potential for fragmented and contradictory pol
icy setting is evident. 

Land Use and Transportation Planning 

In contrast to the past national promotion of mixed use of 
urban space, single-function zones are apparently being adopted 
in some cities that are looking to industrialized nations for 
"modern" urban plans. Ningbo plans to redevelop existing 
central commercial space (after this function's relocation to 
less-traveled streets) into a financial and administrative cen
ter,· along the lines of "downtowns" in Western cities. Al
ready, most major commercial buildings are single function, 
with no recognition of the opportunity to accommodate mul
tiple functions separated vertically. New residential highrises 
in the central city do, however, provide retail space on the 
ground level, and office space on one or two floors above 
(Weng, unpublished data). 

The employer has typically provided housing, near the 
workplace (12). Common planning considt:rations in new sub
urban neighborhood layout mean that services such as day
care, health care, general services, and markets are regularly 
incorporated in residential neighborhood design. Daily activ
ity travel is minimized by such considerations, but reconstruc
tion and change of functions in the central city will exacerbate 
congestion and conflict as workers, business people, and pa
trons converge on the new "downtown." Housing shortages 
and universal employment (with adult family members often 
employed at different work units) also have a detrimental 
effect on this effort to manage transportation demand. 

Policy and Management Responses 

Ningbo has constructed facilities and instituted a number of 
management approaches and measures to mitigate congestion 
and safety problems. These include restricting the travel of 
certain modes on designated routes during peak hours, re
locating commercial centers to separate through from desti
nation traffic, soliciting cooperation of key employment units 
to introduce· staggered work hours, providing motor vehicle 
and bicycle parking lots, constructing bridges, increasing ca
pacity on key routes, and completing outer and inner ring 
roads. In addition, consideration is being given to eliminating 
bicycle allowances, increasing direct subsidies to public trans-
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FIGURE 7 Ningbo transportation system management. 

portation passengers, instituting a trolley bus system, devel
oping new cycling regulations, and increasing the number of 
enforcement officials. 

ANALYSIS 

Key Issues 

Network 

The network suffers from a lack of space, a problem made 
worse by inefficient management. Because there is little 
unoccupied land in the urban center to accommodate new 
traffic facilities (for movement or stor<;tge ), the result is the 
destruction of existing buildings and consequent alteration to 
traditional urban form. Few major roads cross the old city 
from east to west and from north to south, and desired lines 
do not match available routes, leading to the underuse of 
some roads and congestion on others. Most roads are very 
narrow, too, exacerbating conflicts between different users; 
current transportation policy does not employ prioritization 
of functions and separation of modes to good effect. Nor are 
intersections designed to enhance the safe movement of a mix 
of modes. Although both design and management measures 
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have been adopted in Ningbo, these have been done on a 
piecemeal basis, and little evaluation of their effectiveness 
has been made. 

Trip/Users 

The impact of poor management measures is especially clear 
when examining the proportion of travel undertaken by bus. 
Because the buses in service cannot access smaller side streets, 
they are confined to running along the same few major routes. 
In 1990, 7 of 12 routes plied the same east-west connector in 
the Haisu district. Along this route, cycles are separated from 
motor vehicles by shoulder-high opaque barriers, and no pull
outs are provided at bus stops. Passengers disembark into the 
cycling lane and must cross it to the sidewalk, which is also 
fenced off along most of this road's length. 

Of the alternatives available to the Ningbo commuter, the 
bicycle clearly suits the transportation network that currently 
exists and so is favored by Ningbo residents. Cycles can use 
the narrowest footpaths; they are affordable, able to maneu
ver around most obstacles, and not subject to delays caused 
by frequent stopping and starting on most routes. Thus, it is 
clear that use of cycles will persist and even grow. 
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Planning Framework 

In the area of planning and administrative frameworks, the 
research showed that communication problems between po
litical and bureaucratic levels as well as within the bureaucracy 
are a considerable impediment to planning and decision mak
ing that can deal with the extant econo~ic and environmental 
imperatives. Whereas many of these problems exist in North 
American governments, the problem in China is compounded 
by animosities going back to the Cultural Revolution. In ad
dition, there are serious gaps in the training of professionals 
that are also a legacy of the "Chaos," and the system of 
connections (guanxi) affects the ·degree of influence that pol
icy team members may have on implementing solutions, or 
it affects cooperation between team members. 

The newly instituted government-controlled market econ
omy is a significant unknown. It introduces new uncertainties 
to the planning and decision-making framework. This change 
in economic structure coincides with a general devolution of 
authority in a number of areas (taxation, enterprise owner
ship, financing, policy and regulatory reform) to municipal 
governments, giving greater autonomy in planning (13). 

The lack of a broad range of insufficient and easily acces
sible high-quality information and data contributes to inap
propriate or ineffective policy decisions. Ningbo has no up
to-date land use inventory and plan, although the 1983 version 
is being revised. Whereas a municipal government unit is 
charged with undertaking social and economic research on a 
regular basis, the.information gathering of planning agencies 
appears to be more sporadic and project-based. 

Suggested Transportation Policy Goals 

To be able to assess the adequacy and effectiveness of current 
and proposed policy and projects, one must have clearly ar
ticulated goals. Alternatives proposed for Ningbo derived from 
identification of an "ideal state" for urban transportation: 

• An improved level of choice between travel modes is 
achieved over a range of distances, especially for the aged, 
children, the infirm, and so on. 

• Consideration of low-cost travel modes is an integral part 
of the transportation and urban planning process, ensuring 
that the needs of the user of low-cost travel modes are met 
in all land use and transportation decisions. 

• Low-cost travel modes continue to be developed for in
dividuals and society, and associated acquisition, operation, 
and accommodation costs are appropriate to best accomplish 
the mix that ensures that the transportation system meets 
users' needs. 

• Low-cost modes should remain (a) adequate (as mea
sured by proportion of population-especially the disadvan
taged-served by low-cost modes), (b) efficient (as measured 
by levels of service obtained on the network), (c) convenient 
(as measured by acceptable time to travel to work or school 
on the chosen mode), (d) safe (as measured by accidents), 
(e) healthy (as measured by air quality), and (f) pleasant (as 
measured by the user's perception of sensory and aesthetic 

·· environment). · 
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•User participation and consultation is incorporated and 
valued as a necessary component in planning for low-cost 
travel.modes. 

Urban planners would be expected to make explicit ref
erence to these goals in preparing proposals, officials to con
sult them in decision-making, and evaluators to develop cri
teria that indicated· t~e degree of success in meeting them. 

National Initiatives 

The project team proposed a number of initiatives to improve 
transportation in Ningbo while maintaining the viability of 
low-cost travel modes. At the macrolevel, three primary ap
proaches may address apparent problems. First, decision 
makers' attitudes to the low-cost modes must be critically 
examined and challenged. Second, some restructuring of the 
existing planning framework is needed to enable wider dis
cussion and coherent, consistent policy development. Last, a 
set of national goals for urban transportation needs to be 
formulated. 

First and foremost, policy makers must be convinced of the 
value of retaining and enhancing the role of low-cost modes 
in China. An awareness program for key decision makers and 
higher-level officials in urban planning could present the case 
for low-cost modes. Officials are among those most likely to 
benefit from increased motorization and must be reminded 
that low-cost modes have much to recommend them in terms 
of low impact on environment, broad availability to the public, 
and, perhaps of greatest concern, least cost t<;> governments. 

Development of specific goals for urban Chinese transpor
tation systems should b_e broadly conceived, taking into ac
count social, environmental, and economic factors. Ensuring 
equitable and viable choices for safe and convenient trans
portation services for the population, mandating preservation 
of traditional city forms and cultural landscapes, minimizing 
pollution, and limiting consumption of land, energy, and fi
nancial resources within the transportation sector would con
stitute a minimal set of goals. 

There is also a need for leadership in redefining the role 
of the transportation sector in consultation with the public 
and flexibility in implementation at the local level. Cooper
ation between agencies in developing integrated approaches 
to development should be demonstrated and encouraged. To 
this end, some restructuring of the present hierarchical control 
may be required. Even without such restructuring, lines of 
communication between sections and bureaus could be es
tablished for collaboration on policy making at the prelimi
nary stages. Such an integrated approach would enable more 
comprehensive planning and reduce the chances of developing 
counterproductive policies in different sections. 

Local Initiatives 

At the micro scale, educating planners and travelers and de
signing and managing street networks could substantially im
prove the urban transportation network. Measures focus on 
managing the existing system better through: managing travel 
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demand, separating modes, enforcing regulations, developing 
a hierarchy of routes and street functions, and designing new 
intersections and controls, more capable of handling the mix 
of modes typically found in Chinese urban centers. 

To improve the quality of the daily home-to-work journey 
of Ningbo residents, attention should be paid to changing the 
modal split by improving public transportation, educating of
ficials about the value of maintaining low-cost modes and 
restraining motorization, educating the 'general public about 
safe and appropriate behavior in certain situations, and re
vising and enforcing regulations that contribute to safe travel. 

Street Management 

A system of hierarchy of roads needs to reflect the priority 
functions of the street, developing management approaches 
and designs that privilege the appropriate users and discour
age or disallow others. The need to accommodate socializing, 
marketing, traveling, and parking on the same streetscape 
may never be resolved adequately. But defining the primary 
uses of public road space and appropriate modes, activities, 
and designs for each class of street would go a long way toward 
resolving conflicts between users. Obviously, the greater the 
range of functions that the street serves, the greater the degree 
of management interventions required. 

Public Transit 

Management of existing transportation facilities and resources 
could affect large changes in traffic composition and condi
tions. Perhaps the largest effects could be achieved simply by 
optimizing the routes of the public transit system and making 
the hours of operation more suitable for the public that it 
serves. The size and type of bus in operation in Ningbo limits 
its use on narrow roads, which compose the bulk of roads in 
the old city. In contrast to other Asian and developing coun
tries, almost no private vehicles are available on which to base 
a useful paratransit adjunct to the public transportation sys
tem. The Public Service Bureau may wish to investigate the 
opportunity to develop feeder services using minivans on des
ignated routes. This may be more efficiently and safely ac
complished if separate routes were established for motorized 
and nonmotorized modes. 

Parking 

Parking for bicycles must be improved because parking has 
major spillover effects as vehicles occupy pedestrian space. 
Park-and-ride facilities would be an important aspect of any 
promotion of a shift to public transit. Storage and parking 
requirements may be reduced as smaller or different vehicle 
designs increase "parkability." 

Street and Intersection Design 

Changing modal split and separating modes may improve flows 
along road lengths, but the inevitable mix of modes at inter-
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sections and crossroads also should be addressed. Alternative 
forms of intersections have been proposed in the project re
port and need to be tested and evaluated. Design of the street 
environment should provide facilities that are not only safe 
and convenient, but secure and pleasing. Attention should be 
paid to vegetative canopy, surface materials and design, and 
understreet infrastructure access. 

Cycle Technology 

Cycle technology is also in n.eed of review. New technologies 
can improve the vehicle's sturdiness, reliability, and range of 
use. Gearing modifications can reduce costs in transportation 
facility construction, because slopes of ramps can be increased 
with less loss of velocity. Older users could benefit from a 
more stable frame construction and gearing to enable them 
to move with less effort and more certainty. New production 
technologies that can be widely disseminated would allow 
local entrepreneurs to adapt cycles to the conditions and ter
rain in which cycles operate. Regular safety inspection pro
grams for existing vehicles would reduce accidents. Pricing 
policies and retrofit programs for any new technologies should 
be developed. 

Regulation and Enforcement 

Enforcement of a broad range of management-based regu
lations through fines and other reprimands could improve 
rider and driver behavior. Development of comprehensive 
pedestrian, bicycle, and vehicle operator regulations, with 
·associated dissemination by public education campaigns or 
rider/driver education and licensing, would assist in bringing 
traveler behavior up to acceptable standards, reducing conflict 
and accidents. Budget allocations in support of such programs 
must be sufficient over the long term to yield results. 

Planning Approaches 

Consideration of the relationship of residential and employ
ment densities to transportation should continue to play a role 
in urban planning and development. Development of sfogle
function zones should be avoided as much as possible. Ning
bo's intention to develop a downtown financial and admin
istrative heart will have major implications for transportation 
as redevelopment removes housing and workers converge on 
the central area from the newly developed residential suburbs 
across the river. 

Planners should also examine the implications of regional 
and local changes in economic opportunities, migration to 
urban centers, aging at the population, changing family struc
ture (nuclear, one-child), and rising demand for and changing 
profile of amenities. Such consideration will affect the range 
and location of services planned (daycare, health care, shops, 
markets, cinemas, social clubs, etc.). Although currently ac
commodated in new neighborhood development, the insti
tutionalized practice has been received "from on high" and 
may not account for potential local cultural and economic 
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changes as income levels rise and differentiation of market 
goods accompanies economic restructuring. 

Finally, research methods and planning techniques need to 
be more strategic because of budget and time constraints, as 
well as the large number of issues requiring investigation and 
resolution. Multiple methods should be used wherever ap
propriate, using a mix of quantitative and qualitative data and 
broader range of available expertise and information. Stra
tegic planning, with its explicit analysis of a range of external 
and internal (physical, social, fiscal, environmental, political) 
contributions to and constraints on decision making and re
source allocation, will enhance planning processes. Strength
ening the communication between relevant urban and trans
portation planning departments would provide multiple 
perspectives on urban planning issues. 

CONCLUSIONS 

Alternatives proposed are not particularly new. However, 
their adoption and application in China would signify a major 
shift in orientation for planners, bureaucrats, and decision 
makers. The preferred role of transportation in serving urban 
social and economic development needs to be clearly artic
ulated in recognition of new social and environmental im
peratives. Political representatives need to be informed about 
the relative costs and benefits of the various opportunities for 
modernizing their transportation systems. Frameworks for 
planning and decision making need to establish new com
munications among the professionals in each sector whose 
decisions have an impact on urban movements; they also need 
to solicit and value public input. 

There is a great potential for increasing the transportation 
system capacity in Ningbo, and in similar cities in China, 
through demand manage.ment and street management tech
niques. Greater collaboration between researchers and prac
titioners within China and between China and th~ West will 
enable both to achieve greater insights into key intervention 
strategies, possible applications of existing approaches, and 
the development of new methods to ensure maximum mobility 
and support for development, at the least cost to society in 
social, environmental, and economic terms. 
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Bus Capacity Under Mixed 
Traffic Conditions 

HANGHAI LIN, BING Wu, AND PEIKUN YANG 

On the basis of a field observation and analysis of traffic phe
nomena, models to estimate bus capacities under various traffic 
conditions are proposed. The bus stop is often the critical section 
that confines bus capacity. Two types of bus stops are introduced: 
one is a road section stop and the other is an intersection stop 
near a signalized intersection. In the latter case, buses' parking 
maneuvers will be affected by the queue length before the stopline 
of ~he intersection. According to these two types of bus stop, 
vanous road and traffic conditions are considered while bus ca
pacities are calculated. 

In China's major cities, besides the bicycle, the bus is an 
important transportation tool. In Shanghai there are 375 bus 
lines, including 160 lines in urban areas. More than 15 million 
passengers ride 6,000 buses every day (14.2 million in urban 
areas). Although the scheduled speed of buses 'is 14 km/hr, 
most of the buses cannot reach this speed. The majority of 
these buses are articulated vehicles, which are 14.05 m long 
and can accommodate 146 passengers each. More than 3,000 
bus stops are spread along all kinds of streets in urban Shang
hai. Because of the narrow streets and the interference caused 
by the great number of bicycles and pedestrians, bus capacity 
is severely affected. Therefore, bus capacity under mixed traffic 
conditions is of substantial importance for improving the lev
els of bus operation, management, and bus line planning. 

On the basis of a field observation and analysis of traffic 
phenomena, this paper proposes the models to estimate bus 
capacities under various traffic conditions. The bus stop is 
often the critical section that confines bus capacity. For this 
paper, two types of bus stop are introduced: one is a road 
section stop and the other is an intersection stop, which is 
near a signalized intersection. In the latter case, buses' parking 
maneuvers will be affected by the queue length before the 
stopline of the intersection. According to these two types of 
bus stop, various road and traffic conditions are considered 
while the bus capacities are calculated. 

BUS CAPACITY MODELS 

In urban areas of Shanghai, there are many narrow motor 
vehicle lanes and walkways. In a street without separate fa
cilities for motor vehicle and bicycle lanes, buses can park 
only on the bicycle lanes (curb lanes) for passengers' boarding 
and alighting. As a result, the travel time of all kinds of-motor 
vehicles and bicycles that want to go through the section where 
the bus stops will be seriously affected. Here, capacity models 

Depart~ent of Road and Traffic Engineering, Tongji University, 
Shanghai, 200092, People's Republic of China. 

of two types of stop are discussed: (a) the bus capacity models 
at road section stops, and (b) the bus capacity models at in
tersection stops. 

Road Section Stops 

Usually, the road section on which a bus stop sits is the critical 
section that confines the bus capacity. In fact, the critical 
section is generally contained in a certain length of the lane. 
On the road section, the bus will slow down when entering 
the bus stop and come to a complete stop for passengers' 
boarding and alighting; then the bus starts and accelerates 
until normal running speed is reached. In-this process, various 
other motor vehicles and bicycles that follow the bus will be 
influenced unavoidably. These vehicles are delayed and ca
pacity is lowered. This influence is composed of the following 
two parts: (a) the bus deceleration-acceleration maneuver 
and (b) the effective width of the lane, through which othe; 
vehicles go, becomes narrower when a bus stops at the stop. 
Figure 1 shows a typical traffic situation at a bus stop. 

In Figure 1, Section I is the section on which a bus starts 
decelerating, and Section II is the section on which the bus 
completes * acceleration and reaches the normal speed. When 
a bus parks at the bus stop, the capacity on Section II is 
affected and suffers a loss. The loss is composed of L(h), 
travel time loss caused by the vehicle that closely follows the 
parking bus, and L(f), headway increasing losses among the 
vehicles following the parking bus. 

Therefore, the capacity of motor vehicles (not including 
buses) on Section II is given by · 

Q 
3,600 - [L(h) + L(f) * T + h (b)] * N 

h 

where 

(1) 

Q capacity of various motor vehicles (not including 
buses) on Section II ( veh/hr); · 

--- -- E-- - -g -----
-- _L_ll_ >! ---=--- o__ -== ----
--=o-------. ---------------- -----

""' " ---- ----" 
• bus stop II 

FIGURE 1 Traffic phenomenon at bus stop. 
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N = buses that stop ( veh/hr); 
T = average time taken by a bus traveling from Section 

I to Section II, including time spent at a bus stop 
(min); 

h = average saturation headway of mixed motor traffic 
flow (sec); 

h(b) = bus saturation headway (sec); 
L(h) = time loss that results from decreasing speed of ve

hicle that closely follows bus (sec); and 
L(f) = time loss that results from increasing headways 

among vehicles after bus (sec/min). 

If Q is the actual traffic flow rate in vehicles per liour and 
N is bus capacity on Section II, from Equation 1, bus capacity 
is estimated by 

3,600 - h * Q 
N = L(h) + L(f) * T + h(b) 

(2) 

In some cases, bus capacity is confined by berth capacity 
[similar to the model the 1985, Highway Capacity Manual 
(J)]. 

N = 3,600 * n 
t(s) + t(c) * n 

(3) 

where 

n = maximum number of buses that can stop at the same 
time, 

t(s) = dwell time at bus stop (sec), and 
t(c) = clearance between successive buses (sec). 

Thus, the bus capacity on a road section stop should be es
timated by the lower calculating value obtained from either 
~quation 2 or Equation 3: 

N=mm . . { 3,600 - h * Q 3,600 * n } 
. L(h) + L(f) * T + h(b)' t(s) + t(c) * n 

(4) 

According to the result obtained by Tang, dwell time t(s) 
can be determined by 

t(s) = 0.41 *AN* LC + 0.73 * BN * LC + 9.3 

where 

AN = number of alighting passengers, 
BN = number of boarding passengers, and 
LC = passengers/146. 

Here, LC is the load coefficient of a bus and 146 is the 
maximum number that an articulated bus can theoretically 
accommodate. 

Intersection Stops · 

The bus capacity at the stop near an intersection is restricted 
by either the bus stop or the capacity of the stopline at a 
signalized intersection. The model of the bus capacity re
stricted by bus stop near a signalized intersection can be ex
pressed by following equation: 
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N = 3,600 * n * (g/c) 
(g/c) * t(s) + t(c) * n 

(5) 

where g/c is the green time-cycle time ratio. 
Variables t(s), t(c), and n are the same as those in Equation 

3, but the factors affecting t(c) in Equation 5 are different 
from the factors affecting t(c) in Eqµation 3. 

The bus capacity restricted by the stopline of a signalized 
intersection is given by 

N = [3,600 * (g/c) * s - Q]/1.3 (6) 

where s is the mixed saturation flow rate in vehicles per hour 
and Q is the mixed motor vehicle flow rate (not including 
buses) in vehicles per hour. 

The conversing coefficient from a bus to mixed motor ve
hicles is 1.3. The value roughly reflects the average compo
sition of various kinds of vehicles in urban areas of Shanghai. 
In a certain case, this value can be calculated according to 
the percentages of different kinds of vehicles. 

Similarly, the bus capacity at the stop near a signalized 
intersection is estimated by the smaller value obtained from 
either Equation 5 or Equation 6, that is 

N . { 3,600 * n * (glc) 
= mm (g/c) * t(s) + t(c) * n' 

[3,600 • (g!c) • s - Q]/1.3} 

PARAMETER CALIBRATION AND BUS 
CAPACITY CALCULATION 

Road Section Stops 

(7) 

The bus capacity at the road section stop can be estimated 
from Equation 4: 

N . { 3,600 - h * Q 3,600 * n } 
= mm L(h) + L(f) * T + h(b)' t(s) + t(c) * n 

The parameters in this equation are obtained by the statistical 
processing of field data. Some parameters are listed in Table 
1 and the following: 

Traffic Factor 
Level Condition Index 

A Poor More than 0.52 
B Average Between 0.36 and 0.52 · 
c Favorite Less than 0.36 

The factor index (FI) is introduced to describe the traffic 
state in a street. Vehicle and bicycle traffic along with the 
effects of parking buses are considered in determining FI~ 

FI = (Xl + X2 + X3)/3 (8) 

where 

Xl = vehicle volume per hour (single direction) divided 
by 900, 720, or 600 allowing the width of streets to 
vary from 14 to 12 to 10 m; 
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TABLE 1 Part of Parameters 

FI width 
parameters level 14m 12m lOm 

A 7 19 26 
L(h) B 4 9 15 . 
(sec.) c 0 2 3 

A 32 37 43 
L{f) B 16 24 32 
(sec.) c 4 7 10 

stopping & A 26 26 26 
starting B 15 15 15 
tlelay(sec.) c 6 6 6 

A 15 15 15 
(c) B 11 11 11 

(sec.) c 8 8 8 

X2 = bicycle volume per hour (single direction) divided 
by 3,600; and 

X3 = average number of parking buses between Sections 
I and II (see Figure 1) divided by 3. 

On a road stop, Xl, X2, and X3 do not have much dif
ference in their contribution to determine .the FI; here, these 
three factors are considered to have ·a equal weight. For 
example, on a street 10 m wide without se·paration, motor 
vehicle. flow is 300 veh/hr, bicycle flow is 2, 100 veh/hr, and 
average bus dwell time at the stop is 30 sec. Then, 

FI = (Xl + X2 + X3)/3 

= (300/600 + 2,100/3,600 + 1/3)/3 = 0.47 

FI pertains to· Level B. Consequently, according to Table 
1, L(h) = 15 sec and L(f) = 32 sec. The bus capacity at the 
stop is 

3,600 - h * Q 
N= L(h)+L(/)*T+h(b) 

3,600 - 6 * 300 
15 + 32 * (30 + 15 + 18)/60 + 6 = 33 buses per hour 

Here h = h(b) = 6 sec, the average saturation headway 
between successive vehicles; 30 sec is average dwell time at 
the stop; 15 sec is the acceleration and deceleration losses; 
and 18 sec is the uninterrupted travel time from Section I to 
Section II. 

In ·the example, if bicycle traffic is prohibited, the FI 
will be 

FI = (300/600 + 113)/3 = 0.28 

FI pertains to Level C, thus L(h) = 3 sec, L(f) = 10 sec, 
and bus capacity changes as follows: 

N = 3 ,600 - 6 * 300 
3 + 10 * (30 + 6 + 18)/60 + 6 

= 100 buses per hour 
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Bus capacity being up to 100 per hour, the FI should be 
changed as the average number of parking buses between 
Sections I and II varies. Then, 

X3 = [(30 + 6 + 18) * 100/3,600]/3 = 0.5 

FI = (300/600 + 0.5)/3 = 0.33 

FI still pertains to Level C, and the bus capacity remains 
unchanged. In some cases, it needs iterative calculations while 
bus capacity is estimated. Table 2 gives the bus capacities 
under various road and traffic conditions. A bus dwell time 
at a stop is 30 sec. The bus capacity values in brackets are 
calculated by Equation 3. 

In Table 2 "equivalence" means that a parking bus has the 
. equivalent value conversing to other vehicles when the ca
pacity on the street is concerned. 

Intersection Stops 

Bus capacity at an intersection stop can be estimated from 
Equation 7: 

N . { 3,600 * n * (glc) 
= mm (g/c) * t(s) + t(c) * n' 

[3,600 • g/c) • s - Q]/1.3} 

All parameters have been · defined before, except the 
parameter t( c). Similar to the method dealing with road sec
tion stops, the FI of an intersection is also used to deter
mine t(c). 

when FI(i) :::::: 0.64 

{

28 sec 
t(c) = 18 sec 

14 sec 
when 0.42 :5 FI(i) < 0.64 
when FI(i) < 0.42 

Here, FI(i) is calculated by following equation: 

FI(i) = 0.42 * (1 - glc) + 0.25 * X(v) 

+ 0.33 * X(b) 

TABLE 2 Bus Capacities in Buses per Hour 

other vehicle flow rates (veh/h) 
FI 

width level 
100 200 300 400 500 

A 62 55 47 39 31 
14m B 124 109 93 78 62 

c (157) (157) (157) (157) (157) 

A 44 37 30 23 16 
12m B 78 65 53 40 28 

c (157) (157) 152 116 79 

A 35 28 21 14 7 
lOm B 55 44 32 22 11 

c (157) 133 100 67 33 

(9) 

(10) 

equivalence 

12.8 
6.5 
2.2 

14.3 
7.9 
2.8 

14.5 
9.0 
3.0 
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TABLE 3 Bus Capacities at 
Intersection Stops in Buses per Hour 

motor traffic flow (veh/h) 
x (b) 100 200 . 300 400 

where 

.30 

.60 

.90 

83 
70 
70 

70 
70 
70 

70 
70 
50 

X(v) = saturation ratio of motor vehicle; 
X(b) = Q(b)l[l,800 * W(b) * (g/c)], 

saturation ratio of bicycles; 
Q(b) = bicycle traffic flow per hour; and 
W(b) = width of bicycle lane (m). 

(38) 
(38) 
(38) 

Maximum flow rate is 1,800 bicycles per green hour time 
per meter wide. 

Table 3 gives some calculating results of intersection bus 
capacities under certain traffic conditions. In Table 3, the 
parameters are as follows: glc = 0.50, and t(s) = 30 sec. 

The capacity of mixed traffic flow at the stopline is 450 
vehicles per hour. Values in brackets show that the stopline 
is a critical section to the bus capacity, that is, the bus capacity 
N = [3,600 * (g/c) * S - Q]/1.3. 

For estimating the bus capacity at the intersection stop 
without bicycle interference, Equation 7 can also be used. In 
this case, there is no need to calculate FI(i). The parameter 
t(c) is 14 sec. 

CONCLUSION 

Because of the complexity of precisely estimating the bus 
capacity at a bus stop, and in order to apply the bus capacity 
models conveniently, the road and traffic condition variables 
such as the width of a street, separate conditions, and motor 
vehicle and bicycle flows (timing factor at intersection stops) 
are used to classify the FI into three levels. Accordingly, the 
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bus capacity values calculated are discontinuous. This gives 
practical users a scope in which to calibrate calculated capacity 
values against the actual traffic conditions. 

Bus stops have a great deal of interference on road capacity. 
In streets without separation, when the traffic condition is 
poor, average, or favorite-that is, the FI pertains to Level 
A, B, or C, respectively-a parking bus has equivalent value 
about 15, 8, or 2.8 conversing to other vehicles, accordingly, 
as the capacity on the road is concerned. 

The effect of the changing width of bus capacity at a bus 
stop is significant: add 2 m of width and the bus capacity may 
be doubled. 

If bicycle traffic is prohibited or has a separate right-of
way, the bus capacity may be increased by 200 percent. With 
the variations of traffic conditions and bicycle flow rates, the 
effects on bus capacity caused by prohibiting bicycle traffic 
are varied. 

The paper discusses the bus capacity only within a critical 
road section. The bus capacity of a whole bus line is much 
more complicated and needs further research. 
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International Comparisons of 
Transportation Prices and Output 

BETTINA H. ATEN 

The use of different currency converters in international com
parisons can significantly affect comparisons of gross output and 
productivity in two sectors, nonmotorized and motorized trans
portation. This is illustrated for Indonesia and the Republic of 
Korea. Further support is provided by a comparison of bus fares 
in approximately 60 countries and a comparison of aggregate 
transportation demand in various categories in 1980 and in 1985. 
These comparisons also illustrate exchange rate distortions, par
ticularly between countries whose price structures are dissimilar. 
The main results contrast the labor costs and value added in 
bicycle production in the two countries with production in the 
motorized sector and show the understatement of Korea's pro
ductivity in the transportation sector when exchange rates are 
used, relative to Indonesia. In the second comparison, transpor
tation prices are systematically lower at exchange rates, partic
ularly for low-income countries, and both price and income elas
ticities in the aggregate demand analysis are affected by the 
conversion method. 

Transportation demand prices are often compared on the ba
sis of data using a cross section of countries. For example, 
during the oil crisis in the Middle East, the press commonly 
compared gasoline prices in different countries. These types 
of comparisons are useful, but they can also be misleading if 
done incorrectly. 

Transportation costs and expenditures in national currency 
units are usually compared using exchange rates. This paper 
discusses an alternative purchasing power-based converter 
that is preferable in many applications. The derivation of the 
purchasing power converter is discussed, and illustrative ap
plications in international comparisons in the transportation 
sector are provided. 

The first example is a binary comparison of productivity in 
the Republic of Korea and in Indonesia. Estimates of the real 
value added at factor costs for the motorized and non
motorized sectors are shown, using manufacturing census data 
on the production of passenger vehicles, motorcycles, and 
bicycles in 1985. Labor costs and output per employee in each 
sector are then discussed when real and nominal values are 
used. The second example uses price data on several trans
portation categories for 60 countries in 1980 and 30 countries 
in 1985 to analyze the relationship between transportation 
use, final demand prices, and income. The differences be
tween exchange rate conversions and relative price compar
isons will also be discussed for each of the categories. The 
final section describes the methodology and its application in 
the production and in the expenditure approach in interna
tional comparisons. 

Regional Science Department, University of Pennsylvania, Phila
delphia, Pa. 19104. 

COMPARISONS 

Motorized and Nonmotorized Transportation 
Equipment Manufacture 

The output quantities and unit values for Japan, Korea, and 
Indonesia are used to calculate the price relatives, or parities, 
for motorized (passenger cars and motorcycles) and non
motorized (bicycles and carts) sectors. These are shown in 
Table 1 with the average annual exchange rates in 1985. Jap
anese numbers are based on aggregate gross values of output 
in the manufacturing sector, and Korean and Indonesian prices 
are based on the values of shipments. Korean value added, 
however, includes subsidies and taxes. 

Since the Japan-Korea price relatives relate to 1985, the 
results will not reflect declines in relative prices of manufac
ture in Korea since 1985. As noted, one of the main difficulties 
with the Korean census data is the treatment of taxes. Al
though it is possible to reconcile partially the diverse tax treat
ments in different countries and sectors, this has not been 
attempted here. For this reason, the parities reflect internal 
price structure, not necessarily parities relevant to foreign 
trade. For an extended treatment of Korean taxes in manu
facturing using input-output tables and the system of national 
accounts, see the paper by Szirmai and Pilat (1). 

The overall parity, or aggregate price relative, for the three 
sectors between Korea and Japan is twice the exchange rate, 
indicating that it is relatively more expensive to produce trans
portation equipment in Korea than it is in Japan. The reverse 
occurs between Korea and Indonesia, so that if Indonesian 
output is converted at the rupiah-won exchange rate, it is 
likely to be overstated relative to Korea, compared to con
versions by parities. The interesting fact about Korean man
ufacture in particular is that bicycle production in Korea is 
more expensive than it is in Japan or Indonesia relative to 
the other transportation sectors. Some possible explanations 
will be given. 

In Table 2 the estimates of value added in national curren
cies for each sector are shown, as well as productivity in 

TABLE 1 Parities and Exchange Rates 

Korea-Japan Korea-Indonesia Japan-Indonesia 
(Won/Yen) (Won/Rps) (Yen/RpsL 

PARITIES 
All 7.37 0.28 0.044 
Motorized 7.33 0.27 0.044 
Non-Motor 11.57 0.44 0.038 
EXCHANGE RATE 3.66 0.78 0.215 
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TABLE 2 Value Added and Productivity 

Korea Indonesia 
f-------1------..,V~A~--=vA,.,.......,.,/E~m-p-,,.---::-v,,..,-A VA/Emp 

Won (bil) Won (mil) Rps (bil) Rps (mil) 
......,,.,M=-o-to_,riz,_e_,d,.--t--..,,1--::,0-::-34""""f-----o:"l-=--2 .""""676 -tt-----::-35=-=--9 17 .9 8 

Non-Motor 20 6.20 1.46 

national currencies, measured as valued added per employee. 
Cart production was left out of the value-added estimates 
because carts in the Indonesia census were classified as "motor 
vehicle body and e_quipment manufacture" and totaled only 
15 units. The Korea-Indonesia ratio of productivity is ob
tained by converting the Korean won values into Indonesian 
currency units by the won-rupiah parity and by exchange rate, 
then dividing each by Indonesia's productivity. The conver
sions and the Korea-Indonesia ratio are shown in Table 3. 

Table 4 shows the ratios of labor costs and value added per 
employee among the sectors within a country, in local cur
rency units. Labor costs per employee in Indonesia for bicycle 
production are nearly one-fifth of the costs in the motorized 
sector. In Korea, by contrast, the costs per employee in bi
cycle production are four-fifths of the costs per employee in 
the motorized sector. The labor force is smaller but more 
expensive in Korea, and it is therefore likely that Korean 
bicycle manufacture is more capital-intensive than in Indo
nesia. In addition, Korea's high productivity in bicycle pro
duction-more than half of the productivity in its motorized 
sector-is also a likely indicator of high capital intensity; 
Indonesia's productivity at national currencies is only about 
one-twelfth that of its motorized sector. 

The final point to emphasize is how the exchange rate un
derstates the productivity ratio for this Korea-Indonesia com
parison. In this example, the direction of change was the same 
for both sectors, that is, exchange rate conversions of Indo
nesian output are greater than their price ratio conversions 
for both motorized and nonmotorized transportation equip
ment manufacture, although less so for bicycles than for pas
senger cars and motorcycles. The Korean data include estab
lishments with 5 or more workers (a total of 71 for bicycle 
production); Indonesia includes 54 establishments. The total 
number of motor vehicle and motorcycle production firms 
included in Korea was 1,285 and in Indonesia, 87. The next 
example discusses in more detail these differences from the 
expenditure side. Instead of unit values derived from output 

TABLE 3 Ratio of Korea and Indonesia Productivities 

Korea Indonesia Ratio 
Rps Rps Rps Kore a-Indonesia at 

(Parity) (Xrate) Parity I Xrate 
Motorized 46.20 16.15 17.98 2.57 

I 
0.90 

Non-Motor 13.96 7.91 1.46 9.58 5.43 

TABLE 4 Ratio of Nonmotorized to Motorized Costs 
and Value Added 

Labor Costs/Employee Value Added/Employee 
Non-M: Motor Non-M: Motor 

~K-or-ea-(W-on~)-+-------2-.6-2_:_3-.7=7--+---- 6.20 : 12.66 

(1:1.4) (1:2) 
Indonesia( Rps) 0.65: 3.11 1.46: 17.98 

( 1: 5.0) ( 1 : 12) 
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values and quantities, final expenditures and market prices 
are used. The production approach may use prices instead of 
unit value estimates (2,3). An example of unit value esti
mation will be given the next section . 

Transportation Prices and Aggregate 
Demand Analysis 

Two comparisons of prices and aggregate demand are dis
cussed in this section. The first comparison uses 1985 data on 
bus fares in various cities and countries taken from two inde
pendent sets of data. One set is the nominal exchange rate 
value for fares up to 5 km in 21 selected cities, averaged 
between public and private suppliers of bus services ( 4). The 
other set is a national average of short-distance bus rides 
ranging from 1 to 10 km in approximately 40 other countries 
(5). The second comparison takes 1980 and 1985 average 
national price levels for several categories in addition to bus 
services, and includes approximately 60 and 30 countries, re
spectively (5). The categories in this second comparison are 

•Passenger vehicles; 
• Motorcycles and bicycles; 
•Tires, tubes, and accessories; 
• Repair charges; 
•Gasoline, oils, and greases; 
•Local transportation services (up to 10 km); and 
•Long-distance rail and bus services. 

First, the prices of each category-bus fares in the first 
comparison and passenger vehicles and local transportation 
services in the second comparison-are plotted against con
sumption levels in each country, at exchange rates and at 
purchasing-power parity conversions. Figure 1 is a plot of the 
nominal bus fares converted at exchange rates against the per
capita consumption of the population, both in 1985 U.S. dol
lars. Figure 2 is the plot of the real fares, that is, the nominal 
values corrected by the country's price level. The exchange 
rate values increase more noticeably with income than the 
parity conversions, which tend to be scattered for low-income 
countries and then to even out as income rises. This suggests 
that, relative to consumption, bus fares are more expensive 
for low-income countries than their exchange rate values 
indicate. 
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FIGURE 1 Bus fares 1985, nominal prices. 
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FIGURE 2 Bus fares 1985, real prices. 

The exchange rate and parity conversion graphs of prices 
and consumption in 1980 are shown in Figure.s 3 and 4 for 
cars and Figures 5 and 6 for local services. The number that 
is plotted against consumption at exchange rates is the price 
relative to the average when all currencies are converted at 
the U.S. dollar exchange rate. The real prices are converted 
by the purchasing-power parity of the currency in a manner 
~imilar to the bus fare conversions. The difference between 
the two conversions is more pronounced in the car category, 
for which the prices are much higher at exchange rates, rel
ative to other consumption goods, in the low-income coun-
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FIGURE 3 Cars 1980, nominal prices. 
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FIGURE 4 Cars 1980, real prices. 
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FIGURE 6 Local services 1980, real prices. 

tries. The local services category shows a similar but more 
dispersed trend in relation to the bus-fares-only example. Prices 
at parities continue to be higher than prices at exchange rates, 
particularly for low-income countries. 

Besides prices and incomes, the per-capita quantity pur
chases of each category, in both 1980 and 1985, are obtained 
from the national expenditure data described, and a crude 
estimating equation is specified for the comparisons. A dis
cussion of the merits and disadvantages of this demand anal
ysis is given elsewhere (6). A simple log-linear demand equa
tion is used in this section, for each conversion method 
(exchange rates and at parities), and is defined as 

(1) 

where 

i = 1 category in first comparison (bus fares); 
i = 1, . , 7 categories in second comparison; 
j = 1, . , 64 countries in first comparison; 
j = 1, . , 60 countries in 1980 in second comparison; 
j = 1, . , 30 countries in 1985 in second comparison; 

qij = per-capita quantity of item i consumed in country j; 
p;j = unit price of i in country j; and 
cj = per-capita consumption in country j . 

The regression coefficients bn and b,"2 are the price and 
income elasticities for each item or category heading. They 
are estimated by ordinary least squares regression, one equa-
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TABLE 5 1985 Bus Fares 

Obs=64 Intercept Price Consumption 
EXCHANGE RATES 
coefficient -5.167 -0.217 0.993 
stan:lard error (1.035) (0.184) (0.118) 
prob> !ti 0.0001 0.2446 0.0001 
PARITIES 
coefficient -4.003 -0.753 0.777 
standard error (1.159) (0.217) 0.149 
prob> !ti 0.0001 0.0010 0.0001 

tion at a time, for 1980 and 1985. The first comparison is only 
for the bus category, and the second uses all the transportation 
categories in the two years. The exchange rate and parity 
conversions are shown in separate lines. The derivation of all 
the parities are described in more detail in the next section. 

Table 5 shows the results for the bus fare demand analysis, 
with the standard errors of the coefficients in parentheses and 
the associated t-statistics below. The nominal price variable 
is not significant in the former, though it is of the right sign. 
It is mainly the income variable, consumption, that "explains" 
demand, and the elasticity is unity, which is high. If we look 
at the prices expressed relative to a country's consumption 
price levels, bus fares and income both significantly affect 
demand. The sign of the price coefficient is negative and the 
income elasticity is lower, suggesting that an increase in prices 

TABLE 6 1980 Aggregate Demand Estimates 

Dep:Quantities 
(Std.Errors) Int. Price Con.mmp. 
PASSENGER 
CARS 
Exchange -9.59 0.66 1.64 
Rates (1.10) (0.33) (0.15) 
Price -13.33 0.04 2.10 
Relatives (1.80) (0.33) (0.22) 
MOTORCYCLES 
& BICYCLES 
Exchange -7.11 0.08 1.15 
Rates (0.86) (0.27) (0.12) 
Price -9.03 -0.03 1.39 
Relatives (1.54) (0.29) (0.18) 
TffiES, TUBES 
& ACCESSORIES 
Exchange -7.74 0.52 1.28 
Rates (1.05) (0.48) (0.15) 
Price -9.39 -0.22 1.49 
Relatives (1.45) (0.43) (0.18) 
REPAIR CHARGES 
Exchange -8.79 -0.15 1.40 
Rates (1.09) (0.26) (0.15) 
Price -7.71 -1.06 1.33 
Relatives (1.35) (0.31) (0.18) 
GASOLINE, 
FUEL & OILS 
Exchange -10.10 0.23 1.67 
Rates (1.15) (0.32) (0.16) 
Price -11.34 -0.57 1.85 
Relative (2.02) (0.34) (0.25) 
LOCAL SERVICES 
(up to lOltms) 
Exchange -4.68 0.09 0.97 
Rates (0.92) (0.18) (0.13) 
Price -4.18 i -0.62 0.94 
Relatives (1.10) I (0.19) (0.15) 
RAIL & BUS 
SERVICES 
Exchange -2.20 I o.33 0.60 
Rates (0.86) (0.17) (0.12) 
Price -1.50 -0.49 0.54 
Relatives (0.96) (0.18) (0.13) 
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decreases the quantities of bus rides demanded but that higher 
incomes or consumption levels lead to less-than-proportional 
increases in bus demand. 

The second demand analysis for the various categories in 
1980 and in 1985 exhibit similar differences. The coefficients 
of each log-linear demand equation are shown in Tables 6 
and 7. There are 60 observations in 1980 and 30 in 1985. The 
dependent variable is the per-capita quantity of each category 
and the independent variables (price and consumption) for 
each category are defined in Equation i. Table 8 shows the 
adjusted R-squares for each equation, as well as the root mean 
square errors. 

At exchange rates, the coefficients on the price variable are 
usually positive; when they are of the right sign, as for repair 
charges, they are not significant. In contrast, at parities, the 
coefficients on the price variable are always negative, except 
for passenger cars in 1980, and always smaller (have larger 
negative vaiues) than at exchange rates. Income elasticities 
for local and long-distance rail and bus services generally 
follow a pattern similar to the bus fare results in Table 5-
that is, they are lower at parities. They are also less than 
unity, suggesting that increases in income lead to less than 
proportional increases in the demand for purchased trans
portation services. On the other hand, the income elasticities 
for individual transport vehicles and for parts and accessories 

TABLE 7 1985 Aggregate Demand Estimates 

Dep:Quantities 
(Std.Errors) Int. Price Consump. 
PASSENGER 
CARS 
Exchange -10.08 0.40 1.75 
Rates (1.42) (0.44) (0.17) 
Price -17.31 -0.18 2.62 
Relatives (3.63) (0.49). (0.41) 
MOTORCYCLES 
& BICYCLES 
Exchange -5.85 0.53 0.98 
Rates (1.40) (0.90) (0.18) 
Price -5.99 -1.09 1.05 
Relatives (2.67) (0.81) (0.29) 
TIRES, TUBES 
& ACCESSORIES 
Exchange -8.43 0.93 1.35 
Rates (1.35) (0.56) (0.17) 
Price -12.41 -0.30 1.84 
Relatives (2.48) (0.60) (0.29) 
REPAIR CHARGES 
Exchange -10.61 -0.57 1.72 
Rates (2.10) (0.47) (0.26) 
Price -11.20 -1.97 1.88 
Relatives (1.76) (0.61) (0.23) 
GASOLINE, 
FUEL & OILS 
Exchange -6.71 0.57 1.34 
Rates (0.83) (0.58) (0.10) 
Price -8.18 -0.87 1.57 
Relative (2.49) (0.53) (0.27) 
LOCAL SERVICES 
(up to lOltms) 
Exchange -3.73 -0.45 0.90 
Rates (2.17) (0.37) (0.28) 
Price -2.00 -1.60 0.77 
Relatives (2.01) (0.38) (0.27) 
RAIL & BUS 
SERVICES 
Exchange 0.54 0.14 0.29 
Rates (2.02) (0.37) (0.26) 
Price . 2.37 -1.10 0.13 
Relatives (I.83) (0.40) (0.25) 
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TABLE 8 Adjusted R-Squares _and Ro_ot Mean Square Errors 
1980 1985 

RBAR3 RMSE RBAR~ RMSE 
PASSENGER 
CARS 
EX Rates 0.670 1.437 0.670 1.451 
Parities 0.670 1.450 0.814 0.936 
MOTORCYCLES 
& BICYCLES 
EXRates 0.620 1.121 0.658 0.883 
Parities 0.616 1.179 0.586 0.893 
TIRES, TUBES 
& ACCESSORIES 
EX Rates 0.626 1.296 0.752 0.981 
Parities 0.553 1.340 0.686 1.028 
REPAIR CHARGES 
EXRates u.654 1.237 0.831 0.763 
Parities 0.495 1.394 0.706 0.771 
GASOLINE, 
FUEL & OILS 
EXRates 0.662 1.489 0.857 0.643 
Parities 0.598 1.678 0.841 0.674 
LOCAL SERVICES 
EXRates 0.584 1.050 0.408 0.819 
Parities 0.448 1.110 0.363 0.793 
RAIL & BUS 
SERVICES 
EX Rates 0.492 0.949 0.194 0.777 
Parities 0.235 0.989 0.243 0.750 

ar.d for gasoline and fuels are larger than unity and higher at . 
parities than at exchange rates. Although elasticities from 
these demand equations should be interpreted with caution, 
the significant differences between the conversion methods 
suggest how projections based on cross-section demand anal
yses at exchange rates can be misleading to transportation 
planners. 

METHODOLOGY 

Production Parities 

In general, manufacturing census data are aggregate values 
and quantities of output, and one way to obtain the individual 
prices is to calculate the unit value of the product. Unit values 
are derived from gross values of shipments or of output and 
from quantity data-that is, for each country j, 

unit valuei = output/quantityi 

The other way is to match products and use their market 
or sale prices. The advantages of both methods have been 
discussed elsewhere, and in particular for production parities 
(2,6). One of the disadvantages of unit value estimates is that 
rather than price changes, differences may be due to changes 
in the composition of goods produced in the sector. For ex
ample, China's unit values for 1980 and 1985 in motorcycle 
production differ by a factor of 10. The gross-net output ratio 
remained approximately the same, but the quantities of mo
torcycles increased 22-fold. Unit values of passenger vehicles, 
motorcycles, and bicycles are derived from the 1987 industrial 
census. 

For the examples in this paper., only unit values were es
timated in the production comparisons. The basic approach 
is to match products in the industry, such as passenger ve
hicles, motorcycles, and bicycles, and to calculate the price 
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relatives in each sector. The sectors may then be aggregated 
to obtain an industry price relative or parity. The parity be
tween two countries for a one-product, one-sector industry 
will simply be the price relative of the product, that is Pa/Pb 
where a and b are countries. The parity for a multiproduct 
sector will be the price relatives for each product i weighted 
by the quantity or output of the product-that is, 

PPPa = sum; (Pa;* Qa;)lsum; (Pb;* Qa;) 

(at quantity weights of country a) 

and 

PP Pb sum; (Pa; * Qb;)lsum; (Pb; * Qb;) 

(at quantity weights of country b) 

where i is the products in the sector. 
The overall PPP or parity for a multisector industry can be 

obtained in a similar fashion, by summing over the sectoral 
parities weighted by output in the sector-for example, sum
ming over motorized and nonmotorized sectors to obtain the 
overall transportation PPP, as in the preceding example. The 
parities are used to convert the value added in one country's 
currency to another country's currency units, that is, 

VA.ab 

VA.ba 

where 

VA.aa/PPPa 

VA.bb * PPPb 

VA.ab = value added of country a in country b prices, 
VA .ba = value added of country bin country a prices, 

and 
PPPa, PPPb = parity at quantity weights of countries a 

and b, respectively. 

For simplicity, the geometric or Fisher average of PPPa and 
PPPb was used in the Korea-Indonesia example, and the 
separate country parities are not shown. This value added is 
then divided by the number of employees in each sector to 
obtain productivity per employee. Alternative denominators, 
such as working hours, were not available on a comparable 
basis for this paper. 

Price Relatives 

In the expenditure approach, it is generally easier to obtain 
price data than quantity data. Thus, instead of calculating unit 
values from quantity and output data as in the production 
example, the parities for a category such as household expen
ditures on transportation are obtained from price and expen
diture data. The same PPP formulas are used in both the 
production and expenditure approaches. The weights are .the 
expenditures divided by the prices, or their "notional quan
tities." If we had all price and quantity data for all items or 
categories, unit values or notional quantities would not be 
used. However, if only one or the other is available, together 
with expenditure and output values, the relation between prices, 
quantities, and output or expenditures must be used. 
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Each category or heading consists of a set of items. For 
example, gasoline prices include premium, regular, and die
sel, and local transportation includes bus and cab rides up to 
10 km. The estimating steps at each aggregation level are 
described more fully elsewhere ( 6). If there are detailed dis
aggregate prices for items such as wheelbarrows, chee-kees, 
and other transport and travel aids in national currencies, or 
the prices of purchased services such as pedal-rickshaws, the 
multilateral comparisons would be at the level of nonmoto
rized transportation categories. The matching of such prod
ucts, and the price collection process for transportation ser
vices that operate largely in the informal market, are the main 
obstacles to a more detailed international comparison. 

CONCLUSIONS 

Although the data used in the examples are not strictly com
parable in the case of the production approach, and not at a 
highly disaggregate level within nonmotorized transportation 
in the expenditure approach, the main goal o.f this paper is 
to illustrate the effects of currency conversions on compari
sons of transportation prices and output. Exchange rates may 
understate the prices of low-cost transportation modes such 
as buses and bicycles, especially for low-income countries. In 
other words, although prices may seem cheap at exchange 
rates, they are in fact, relative to the prices of other goods 
within each country, more expensive. The conversions of gross 
output and productivity also suffer from similar distortions, 
that is, the exchange rate conversions will not adequately 
reflect the differences in costs between two countries whose 
price structures are dissimilar. In the Korea and Indonesia 
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example, the exchange rate understates the productivity of 
Korean transportation equipment manufacture relative to In
donesian transportation manufacture. In addition, the pro
ductivity and labor costs in the bicycle manufacture sector are 
distinct from those in the motorized transportation sector, 
and the relative costs within these sectors should also be taken 
into account. 
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Methodology for Evaluating Urban 
Transportation Energy-Environment 
Strategies: Case Study for Bangkok 

MARKE. HANSON AND ROBERT w. LOPEZ 

Finding and sustaining an acceptable level of environmental qual
ity in the world's largest cities requires the adoption of major 
policies to address transportation investments and transportation 
demand management, including consideration of energy use and 
pollutant emissions. A methodology for evaluating urban trans
portation energy-environment strategies is presented. The meth
odology is designed to address urban development patterns, trans
portation system structure and modal mix, and vehicle emission 
and energy use characteristics. Bangkok, Thailand, is experienc
ing a rapid degradation of its environment and is used as a case 
study to demonstrate the application of the methodology. The 
case study develops a series of policy options to address the grow
ing environmental problems. These policy options for responding 
to urban energy use and air quality degradation are compared 
and briefly evaluated. 

The growth of global population has been the source of much 
attention and anxiety among those concerned about the future 
of the global environment. More recently, attention has fo
cused on the massive urbanization that is a product of pop
ulation growth, the increase in economic opportunity in urban 
areas as development occurs, and the limited ability of a fixed 
land base to support people in rural agriculture. 

The growth in the demand for motorized travel is well 
understood (1 ,2). As urban areas expand, available land is 
generally at the edges of the urban area and in areas previously 
considered unsuitable . for development. As the distance of 
residential and commercial locations from the city center or 
other subcenters increases, so does the need for motorized 
travel. Motorized travel, often in private vehicles, supplants 
traditional modes-in particular walking, various bicycle forms, 
water travel, and even mass transit. The need is necessitated 
by the decrease in population densities with distance from 
urban centers and by the dispersal of travel destinations. 

The evolution- of the form of urban areas is driven by the 
growth of income and accompanying incr~ases in the acqui
sition of private motor vehicles and changes in travel habits. 
It is also influenced by public policy toward land use, housing, 
and transportation infrastructure. Even though the proportion 
of middle- and upper-income households in developing and 
newly industrialized countries that are able to afford auto
mobiles and motorcycles is lower than in industrialized na
tions, the number of private vehicles still becomes very large 
as the middle- and upper-income groups grow. The number 

M. E. Hanson, Resource Management Associates, Inc., 520 Uni
versity Avenue, Suite 300, Madison, Wis. 53703. R. W. Lopez, Wis
consin Department of Natural Resources, P.O. Box 7921, Madison, 
Wis. 53707. 

of vehicles and levels of congestion are comparable to or 
exceed those for major cities of industrialized countries. With 
the increase in motorized travel and congestion comes in
creases in energy use, emissions, and air pollution. 

The development of Bangkok described in major recent 
studies-such as the Medium to Long Term Road Improve
ment Plan: Main Report by the Japan International Coop
eration Agency (JICA) and the Seventh Plan Urban and Re
gional Transport (SPURT) by the Office of the National 
Economic and Social Development Board-follows the gen
eral development path described (3-6). In particular, these 
studies indicate that unless some policy measures are taken 
to alleviate the situation, the number of person trips, the 
amount of energy use, the amount of emissions, and the level 
of air pollution will double or triple between 1989 and 2006. 
In addition, unless t~ansportation demand is managed and 
large investment made in well-targeted transportation infra
structure, the extreme levels of congestion will increase. 

TRANSPORTATION INFRASTRUCTURE 
CONSIDERATIONS 

Overlaid on and intimately associated with this development 
pattern is the transportation infrastructure. The level of in
frastructure provision relative to the population density, in
come, and transportation pricing and other policies deter
mines the level of congestion. For Bangkok, high population 
densities, rapidly increasing income levels, low fuel prices, 
moderate vehicle prices (except for passenger car prices, which 
are fairly high), and a relatively limited transportation infra
structure have resulted in severe congestion. The rapid growth 
in population and economic activity is pushing both the pop
ulation and variou.s urban subceriters outward, in a combi- . 
nation of a linear and a polynucleated or multinucleated pat
tern. Vehicle flow and congestion are also expanding outward. 

Within this context, further growth in travel in the more 
central urban area will not be possible without added infra
structure. This is strikingly shown in recent data that suggest 
that traffic volume is decreasing in central areas while it is 
growing dramatically closer to the periphery (3). Evidence of 
this pattern is shown i~ Figure 1. 

If infrastructure is added in the central areas of Bangkok, 
the SPURT and JICA studies agree that traffic volurries will 
increase so as to maintain congestion levels, except over more 
lane kilometers. The implication for air pollution is that it 
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1.22 INCREASE FACTOR 

TRAFFIC COUNT LOCATION 

NOTE: GROWTH RATE 1989 I 198~ 

FIGURE 1 Twelve-hour traffic volume growth factor (3). 

will increase (approximately) proportionally to the roadway 
lane kilometers provided and vehicle kilometers traveled. 
To provide, with the proposed new infrastructure, a higher 
level of service and prevent air pollution concentrations and 
energy use from doubling or more by the year 2006, demand 
management and other pollution control policy measures are 
required. 

URBAN TRANSPORTATION AIR POLLUTION 

Bangkok exhibits the vehicle-based air pollution problems 
typical of large industrial cities. Concentrations of various 
pollutants are high enough along major travel arteries to pose 
a significant concern for human health. Air pollution in the 
future, without some corrective measures, will encompass a 
much larger geographic area. 

Lead, carbon monoxide (CO), ambient acid aerosols [from 
sulfur dioxide (S02) and nitrogen oxide (NOx emissions], par
ticulates (SPM), and products of incomplete combustion from 
diesel and two-stroke motorcycle engines are primary pollu
tants of concern from transportation. However, directly re
lated fuel combustion residuals and fuel evaporation constit
uents are also concerns at much lower concentrations. These 
include-among others-1,3 butadiene; ethylene dibromide; 
and dichlorides; and gasoline's various aromatic hydrocarbon 
(HC) elements, including benzenes, xylenes, and toluene. 

The ·photochemical oxidants (e.g., ozone) that result from 
extended reactions between ambient NOx and HC have not 
yet proved to be pollutants of immediate concern in the Bang-

kok metropolitan area. Apparently, during the critical hot 
and dry months, the dominant winds flow steadily from the 
gulf on most days. In addition, the vertical instability typical 
of tropical cities at sea level assists in dispersing the reactants. 
Finally, the very low speed traffic conditions and high levels 
of HC emissions suggest a NOx-limited chemical environment 
that tends to slow ozone reaction cycles. 

Tetra-ethyl lead, introduced as a gasoline octane enhancer 
during the 1920s, is a multiple pathway toxin that causes re
tarded development in children and general system poisoning. 
Where leaded gasoline remains the dominant automotive fuel 
type, lead and lead scavenger exposure overshadow all other 
acute toxins for total population health risk. 

Like exposure to lead, exposure to the combustion product 
CO is a localized concern. Elevated levels of ambient CO 
cause an extended loss of the capability of the blood to fully 
transmit oxygen to critical body tissues. At higher concentra
tions, CO can rapidly poison the system and cause death by 
asphyxiation. Chronic exposure levels usually cause head
ache, dizziness, and productivity losses associated with im
paired perception, slowed thinking, and dulled reflexes. 

Emissions of CO from vehicle engines are heightened under 
conditions of extended idling and operation distant from the 
engine design optimum-that is, at low speeds with frequent 
stops and starts. These are the conditions typical of large 
urban metropolitan areas such as Bangkok. 

Particulate matter from motor vehicles come from three 
sources: engine exhaust, mechanical wear, and reentrainment 
(throwing of roadway dust). The smoke from diesel engines 
is probably the most obvious urban pollutant, but it may be 
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unseen particles in conjunction with the smoky exhaust that, 
like lead, cause the highest health hazard. 

Like diesel engines, small two-stroke motorcycle engines 
result in significant particulate emissions. Unlike well-tuned 
diesel engines, the highly visible emissions are dominantly 
unburned HC instead of elemental carbon. Two-stroke en
gines emit four to eight times the HC and many times the 
particulates of equivalently sized four-stroke engines. Engine 
design and exhaust treatment modifications are available to 
reduce the typical high emission rates for new equipment. 

In many urban areas, high volatile organic compounds 
(nonmethane HC) emissions have the most negative health 
impacts from photochemical oxidants (ozone or smog). A 
typical HC constituent of gasoline that exemplifies these con
cerns is benzene. Extended epidemiologic studies of benzene 
show a strong linkage to increased incidence of leukemia, a 
common and usually fatal blood and bone marrow cancer. 

In the urban environment, acid aerosols (NOx and S02) 

contribute to four environmental problems: respiratory prob
lems for sensitive populations, visibility limitations, local veg
etation and materials damage, and acid rain. 

METHODOLOGY FOR EVALUATING 
TRANSPORTATION POLICY OPTIONS FOR 
ENERGY-ENVIRONMENT MANAGEMENT 

To understand the growth of travel, energy use, and emis
sions, as well as to identify and evaluate various policy mea
sures, a transportation model was developed partly on the 
basis of previous modeling work (1). An important feature 
of the modeling approach is that it uses the existing, extensive 
travel data base and models used in infrastructure planning. 

In many of the largest, rapidly growing cities of the devel
oping world, considerable work has been done in transpor
tation studies, including origin and destination surveys, for 
the purpose of infrastructure planning. Such studies have fre
quently been associated with major loans from the World 
Bank and other international lenders. Despite the wealth of 
information that these studies provide, they are rarely used 
for environmental and energy studies or policy. This is the 
case in Bangkok, with major studies being undertaken under 
the auspices of the World Bank and JICA. 

Several major energy and environmental policies have been 
adopted at either a national or urban level in developing and 
industrialized countries [a review of energy measures in de
veloping countries is given elsewhere (7)]. To be useful in 
considering and comparing policy options, a model must be 
able to be used in representing the impact of these policies. 
The major energy and environmental policies of interest ad
dress technology and behavioral choices, including 

• Technological change 
- Emission standards, 
-Fuel treatment (e.g., lead removal, sulfur removal, and 

reformulation), and 
-Fuel economy standards. 

•Behavioral change: 
-Vehicle, road, and fuel pricing policies to influence ve

hicle choice and use; 
-Bans of certain vehicle types; 
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-Zonal restrictions (e.g., pedestrian zones); 
-Infrastructure provisions to encourage choice of less pol-

luting modes; 
-Time-based vehicle use restrictions; and 
-Land use policies. 

The greatest experience to date in large-scale policy inter
vention in industrialized countries has been in the area of 
technological change. However for developing countries faced 
with an enormous potential transformation from a signifi
cantly nonmotorized to a largely motorized transportation 
situation, addressing behavioral issues is critical. 

Modeling Framework 

To provide a flexible model framework for incorporating data 
and travel projections from existing studies and to include 
input from existing emissions models, a flexible spreadsheet
based model for estimating energy use and emissions was 
developed. The geographic basis of the model is 19 travel 
analysis zones identified in the JICA Bangkok study shown 
in Figure 2 (3). 

Energy use and emissions are estimated for each of these 
19 zones as well as in aggregate. The calculation procedure 
follows a conventional approach of trip generation, modal 
split, trip distribution, and vehicle loading. This series of cal
culations results in an estimate of vehicle kilometers by mode 
emanating from each of the 19 zones for the years 1989 and 
2006. The modes treated in the model are automobiles, taxis, 
pickup trucks, buses, minibuses, motorcycles, motorcycles used 
as taxis, samlors, silors, and nonmotorized movements (walk
ing and bicycles). Energy use and emissions by mode for each 
of the zones are projected using the estimates of vehicle ki
lometers, vehicle speed, and coefficients of energy use and 
emissions per kilometer. Demographic and economic projec
tions, critical components for making future projections, are 
already resident in the JICA travel projections. As will be 
described in the discussion of policy options, long-run price 

FIGURE 2 Zone division 
inside study area. 
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elasticities are treated in this study through adjustments in 
fuel economy. (A price response in terms of reduced travel 
rates could also be included, but it has not been included in 
this version of the model.) 

It is important to note that the energy use and emissions 
assigned to each of the 19 zones are for personal transpor
tation only; freight movements are not treated in this analysis. 
In addition, energy and emissions are assigned to zones ac
cording to trips originating in the zone even when the trip 
destination is outside of the zone. Thus, zonal projections 
may overstate or understate actual energy use and emissions 
occurring in the zone if the travel of residents of the zone in 
other zones is greater or lesser than travel by outside residents 
in the particular zone. Aggregate estimates, however, will be 
accurate to the inherent limits of the data. 

The coefficients of energy use are taken from an extensive 
survey and study in 1987 by Diener et al. (8). The average 
fuel economy levels by mode are adjusted to approximate 
mean speed in each of the 19 zones by setting the speed to 
8, 16, or 24 km/hr, based on JICA projections and the authors' 
judgment. Fuel consumption rates vary significantly with speed, 
as discussed in the next section. 

The emissions coefficients are based on Technology Type 
2 vehicle controls (i.e., very modest engine improvement and 
limited controls, but without catalytic converters or other add
on devices) which are based on the Environmental Protection 
Agency MOBILE4 model (9) and the California Air Re
sources Board EMFAC model (10). 

Bangkok Data 

The baseline information used in the model for evaluating 
energy and air pollution consists of 

1. JICA model and travel projections (3) and 
2. Data base and forecasting model for energy demand in 

the transport sector ( 8). 

Given the use of the JICA report, a few observations are 
made on the suitability of the JICA projections as a basis for 
analysis. An important observation is that the JICA projec
tions of vehicle ownership growth and the number of person 
trips and vehicle trips appear to be very conservative for the 
economic and demographic assumptions used. The number 
of private vehicles roughly doubles between 1989 and 2006. 
This outcome is a function of the logistic functions used for 
anticipating future ownership patterns for automobiles and 
motorcycles. The ownership assumptions may have been made 
because of the untenable levels of traffic that would result 
without saturation functions on ownership built into the models. 
For a different view on private vehicle ownership, SPURT 
( 4-6) estimates that the vehicle fleet will grow by a factor of 
3 to 4 during that same period. 

Whereas the limits on vehicle ownership growth suppress 
the number of passenger trips in the JICA study, the large 
increase projected in average trip length may exaggerate the 
number of vehicle kilometers projected for the year 2006. If 
trip lengths remain constant, as has been the case in large 
urban areas in the United States (11), then the potential un
derestimate of trip numbers and overestimate in trip length 
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may compensate each other in projecting future travel levels. 
No estimates of error are provided in the JICA study. 

Within these limitations, we believe the JICA report is a 
reasonable basis for the analysis of energy and emissions levels 
and policies. Because JICA excludes some trips and treats 
trips with more than one mode as a single trip, we increased 
the number of (single., mode) trips to calibrate the model to 
estimates of vehicle kilometers and energy use. 

Emissions Methodology and Data Base 

Each of the policy options considered affects fleetwide emis
sions somewhat differently. They necessitate the capability to 
model expected in-use emissions for different vehicle and fuel 
types at different speeds and with different pollution control 
equipment. 

No existing model is comprehensive enough to treat all the 
vehicles and conditions. The model used for estimating emis
sions for automobiles, pickup trucks, motorcycles, and light
and heavy-duty diesel vehicles is MOBILE4 (9). The model 
was applied using a 1976 U.S. emissions rate reference fleet 
(pre-catalytic control technology or Tech-2) and a 1990 U.S. 
emissions reference fleet to reflect the effect of catalytic con
verter controls technologies (Tech-4). These are used to 
represent fleet emissions characteristics before and after con
trols requirements. 

Additional information for sulfur and particulate matter 
emissions and for efficiency changes at low speeds are taken 
from the California EMFAC7 model (JO) and the U.S. Na
tional Acid Precipitation Assessment Program emissions in
ventory literature. The EMFAC7 model was developed in 
California to model emissions from its fleet. California has a 
more stringent emissions standard than the U.S. standard, 
reflecting the particularly difficult motor vehicle-based air 
pollution problems of the Los Angeles area. Alternative-fueled 
vehicle information comes from the emerging literature on 
alternative-fueled vehicles (12 ,13). These sources were used 
to estimate emissions for vehicles with and without specified 
levels of emissions controls. 

An important determinant of emissions rate is vehicle speed. 
Thus, emissions rates were calculated at idle, 8-, 16-, 24-, and 
32-km/hr average speeds using the model both with and with
out catalytic converters for specific vehicle modes. Estimated 
emissions rates under these conditions are shown in Table 1 
for CO. The differences in emissions levels between the Tech-
2 and Tech-4 technologies are shown by comparing the left 
and right sides of Table 1. (Similar tables for HC, NOx, SPM, 
S02 , lead, and benzene are available from the authors as space 
did not allow for their publication.) 

POLICY OPTIONS AND EVALUATION 

The transportation model facilitates the evaluation of a large 
set of energy and pollution reduction measures. A broad set 
of measures were considered in the study of Bangkok (14). 
Some of these, outlined in Table 2, are used to demonstrate 
some of the capabilities of the transportation model for policy 
evaluation. 

The base case is in some respects a do-nothing policy: be
cause nothing is done to constrain energy use and emissions, 



TABLE 1 Emissions Factors by Fuel/Vehicle Combination 

Adjusted for Average Speed of Zone in Urban Environment 

Uncontrolled Emissions Controlled Emissions 
Average - ie. Tech II V ehicle1 - ie, Tech IV Vehicles 
Speed in 

Carbon Monoxide (CO) Km/Hr: 0.1 8 16 24 32 0.1 8 16 24 

Guoline: lD Can and Trucks 980 310 ISO 100 80 297 108 SS 37 
4 Stroke Motorcycle 280 130 70 so 40 16S 113 S4 3S 
2 Stroke Motorcycle 238 lll 60 43 34 140 96 46 30 

LPG: Small 3 cl 4 Wheel 21.0 13.0 10.S 7.5 6.0 10.S 6.S S.3 3.8 
Tuia 49.0 23.3 lS.O 10.0 8.0 24.S 11.6 1.S s.o 

Diesel: lD Can. Trucks, Vans 19.0 6.0 4.0 3.0 2.0 22.3 4.8 3.3 2.3 
HD Trucks cl Buses 53.0 41.0 28.0 20.0 15.0 49.S 32.0 22.0 16.0 

Nat Gas: lD Bue Cue assumes no use of CNG. 24.S 11.6 1.5 s.o 
(Compressed- CNG) 

HD Base Cue assumes no use of CNG. 36.8 29.1 26.3 22.S 

Uncontrolled Emissions Controlled Emissions 
Average - ie. Tech II Vehicles - ie, Tech IV Vehicles 
Speed in 

Carbon Monoxide (CO) Km/Hr: 0-1 8 16 24 32 0-1 8 16 24 

Gasoline: lD Can and Trucks 609 193 93 62 so 184 67 34 23 
4 Stroke Motorcycle 174 81 43 31 25 102 70 34 22 
2 Stroke Motorcycle 148 69 37 26 21 87 60 29 18 

LPG: Small 3 cl 4 Wheel 13.0 8.1 6.S 4.7 3.7 6.S 4.0 3.3 2.3 
Taxis 30.4 14.4 9.3 6.2 s.o 15.2 7.2 4.7 3.1 

Diesel: lD Cars. Trucks, Vans 11.8 3.i 2.S 1.9 1.2 13.9 3.0 2.0 1.4 
HD Trucks cl Buses 32.9 2S.S 17.4 12.4 9.3 30.7 19.9 13.7 9.9 

Nat Gas: lD Base Case assumes no use of CNG. 15.2 7.2 4.7 3.1 
(Compressed· CNG) 

HD Base Case assumes no use of CNG. 22.8 18.1 16.3 14 

TABLE 2 Transportation Policy Options Structure 

Policy 

Pl Base Case: 

P2 ~: 

P3 Stanclards: 

P4 .lm!g: 

PS Area Control: 

P6 Use restrictions: 

Option 

new infrastructure as indicated in SPURT and JICA reports; no energy 
conservation or emissions controls policies 

lead and sulfur removed from transportation fuels; type 4 emission 
controls adopted for most vehicle types 

emission controls required and fuel ~onomy standards adopted for 
automobiles and light trucks: from 11.0 to 8.0 liter/100 km @24 kmb 

emission controls required and fuel price Is doubled due to external 
events or taxation policy: price elastidty assumed to be -.46 and response 
lo terms of purchase of more emdent automobiles and light trucks 
resulting in 8 liter/100 km @24 kmh 

emission controls required and automobile, pickup truck, motorcycle, and 
samlor traffic is limited in the CBD (central business district) by means 
of a toll/permit system; infrastructure for rail, walking, and bicycles 
developed including reintroduction of pedicabs 

emission controls required and automobiles pickup trucks, and 
motorcycles are prohibited from use for two days per week 

31 

29 
26 
22 

3.0 
4.0 

2.0 
12.0 

4.0 

18.0 

32 

18 
16 
14 

1.9 
2.S 

1.2 
1.S 

2.S 

11.2 
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both grow dramatically between the base year 1989 and the 
year 2006. 

Policy P2 is an emissions control policy for all new vehicles 
that requires, for cars, motorcycles, and pickup trucks, the 
use of catalytic converters common in Japan and the United 
States. The policy necessitates the introduction of lead-free 
(unleaded) gasoline for use in all new gasoline-powered ve
hicles. The policy also assumes the elimination of most of the 
sulfur from transportation fuels to allow for diesel particulate 
control in the form of either particulate traps or catalytic 
converters. 

Policies P3 and P4 are energy efficiency policies that are 
adopted simultaneously with Policy P2. The policies are in
tended to result in a Bangkok automobile fleet that is slightly 
more efficient than the U.S. new car standards with a level 
of emissions equivalent to U.S. new car standards. 

Policies P5 and P6 probe the use of demand management 
policies to improve environmental conditions and conserve 
energy. Policy P5 focuses on an area control initiative that is 
similar to the one described in JICA and that is implemented 
in Singapore. An important feature of this policy is the shift 
of infrastructure investment in this area into rail or "skytrain" 
technologies, pedestrian paths, and bicycle paths. Policy P6 
is based on a program now in use in Mexico City, which has 
almost the same congestion and even worse air pollution than 
Bangkok. 

Evaluation of Policy Measures in Bangkok 

Energy conservation and air pollution reduction offer large 
potential benefits to Thailand. Within the context of trans
portation, there are important and necessary benefits pro-

TABLE 3 Base Case Energy Use 

Summary Table: Total Energy Use 
(1,000 Metric Ton 
Oil Equivalent) 

1989 2006 

By Fuel T~pe 2,181 6,520 

Premium Gasoline 620 2,175 
Regular Gasoline 370 1,241 
Diesel 1,015 2,817 

LPG 174 286 

By Mode 2,181 6,520 

Private Car 592 2,082 

Pick-up Truck 668 2,350 
MC 330 1,162 
MC-Taxi 28 47 
Bus-Minibus 378 576 
Taxi 153 251 
Samlor 15 25 
Silor 16 27 
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vided by the transportation system. The challenge to policy 
makers is determining the optimal mix of transportation ser
vices, energy conservation, and environmental protection. 
Failure to provide necessary transportation infrastructure can 
choke the economy, as can failure to protect the environment, 
particularly in a country that has a large tourism sector. 

In this section, the strategies outlined are considered in 
terms of 

• Cost of implementation, 
•Effect on energy use and travel time, 
•Effect on emissions and general air pollution, and 
•Other important implementation considerations. 

Energy, time, and emissions comparisons are based on model 
results. The point of comparison is the base case or Policy Pl 
as described in Table 2. In using these results for policy eval
uation, we stress that the results for 1989 have a range of 
uncertainty on the order of 15 percent. The results for the 
year 2006 are obviously subject to great uncertainty. The 
policy analyses, however, are internally consistent and pro
vide a valid basis for comparing policy options. 

Policy Options 

Policy Pl: Base Projection 

The results of Policy Pl in terms of energy use ·and overall 
emissions in 1989 and 2006 are shown in Table 3. Energy use 
increases by a factor of 3 during the period. Contributing to 
the increase in energy use is the continuing shift to private 
motor vehicles due to the rapid growth in the Thai economy. 

Energy Use/MM P-Km 
(Metric Ton Oil Equivalent/ 
Million Passenger-Kilometers) 

1989 2006 

42 53 

12 18 
7 10 

19 23 
3 2 

42 53 

61 70 
65 74 
35 40 
42 47 
19 20 

105 120 
40 46 
39 45 



Hanson and Lopez 

Emission levels increase by more than a factor of 3 for CO, 
HC, and particulates and by more than a factor of 2 for NOx, 
as shown in Table 4. Because of the lead reduction currently 
planned, lead emissions grow by only 14 percent. Emissions 
grow at greater levels than travel because of the greater areal 
extent of congestion and the greater reliance on private motor 
vehicles, which, as indicated, are much more energy-intensive 
than public transit. 

Because Bangkok already exceeds World Health Organi
zation guidelines for air pollution, certainly for street-level 
CO and ambient particulate matter and most likely for lead, 
it may be concluded from these results that air pollution by 
2006 will more regularly exceed acceptable levels. Higher 
peak concentrations will occur over a broader geographic area 
and will affect a much larger exposed population. Only .the 
adoption of pollution-limiting policies will prevent this. 

Policy P2: Emissions Controls 

An important strategic approach for reducing transportation 
polluton emissions is an emissions control equipment require
ment for all new vehicles. This policy has been vigorously 
applied in Canada, Japan, and the United States and is being 
adopted in much of Europe and other parts of the world. This 
strategy necessitates a refinery-level modification of gasoline 
and diesel fuel that directly reduces acid gas and lead emis
sions from the motor _vehicle fleet. In turn, removal of these 
exhaust stream contaminants allows for the use of advanced 
pollution control technology on motor vehicles to reduce vol
atile and reactive HC (including benzene and other toxics), 
CO, particulate matter and NOx emissions. The strategy can 
be viewed as either a stand-alone option or one to use in 
conjunction with various demand-management or fuel switch
ing policies. 

New vehicle emission standards result in modest on-engine 
control equipment combined with catalytic converter invest
ment. This control level costs $600 to $800 per typical new 
gasoline automobile assuming that no taxes are placed on 
pollution control equipment and ignoring potential efficiency 
gains from redesign that would reduce the cost of fuel over 
the lifetime of the vehicle. The fiscal implications for com
pliance certification can be minimized if specific engine class 
and control equipment combinations used in other countries 
are required. 

This policy affects local and regional air pollutant emissions, 
concentrations, and deposition. The emissions modeling by 

TABLE 4 Transportation Emissions Under Policies Pl 
Through P6 (in thousands of metric tons) 

Pl(Base) P2 P3 P4 PS P6 
1989 2006 2006 2006 2006 2006 2006 

co 1,075 3,830 2,081 2,081 2,081 1,835 850 
HC 275 935 250 250 250 227 136 
NOx 46 104 71 71 71 66 58 
SPM 116 376 261 215 215 236 198 
SOx 23 11 11 9 9 10 8 
Pb .501 .570 .057 .047 .047 .052 .042 
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19 urban zones shows a significant air quality improvement 
for the regional acid gases and reactive hydrocarbons (non
methane), along with more localized CO, lead, particulate 
matter, and benzene/toxics air quality improvement. 

The results of Policy P2 are summarized in terms of aggre
gate emissions in Table 4. SOx and lead emissions fall dras
tically despite the extreme growth of travel and energy use. 
HC also shows a modest reduction from the 1989 levels. CO 
shows a large reduction from uncontrolled 2006 levels due to 
the controls but still is twice the 1989 level. NOx and partic
ulates also have significantly reduced emission levels com
pared to the 2006 levels without controls but nevertheless 
show a major increa.se relative to 1989. 

The conclusion to be drawn from this scenario is that a new 
vehicle standards controls policy is very effective in reducing 
emissions. However, even considering this effectiveness, CO 
and particulate matter will continue to present a serious and 
growing problem for air quality in Bangkok. 

Policies P3 and P4: Standards and Pricing 

Policies P3 and P4 are discussed together because they are 
designed to.accomplish the same objective of reducing energy 
use in the Bangkok urban transportation system. The policies 
are geared toward the most energy-intensive aspect of the 
systems-the automobiles, pickup trucks, and taxis as shown 
in Columns 3 and 4 of Table 3. P3 accomplishes a 20 to 30 
percent reduction in energy use in these vehicles and an 18 
percent reduction in all passenger transport energy use by 
imposing a fuel economy standard of 8 L/100 km on new 
vehicles. For comparison, automobiles using premium gaso
line in 1984 achieved 11.0 L/100 km (8). 

An alternative means of achieving equal savings of energy 
is through fuel pricing policy. If Thai drivers responded to 
fuel price increases in the long run by adjusting the efficiency 
of the vehicle they purchase (this would certainly be part of 
any response), then some price exists that would result in an 
8 L/100 km efficiency if gasoline prices in Thailand were dou
bled from 8.45 to 16.9 baht per liter (the same real prices as 
in 1982). An elasticity of -0.46 results in a nominal 8 L/100 
km efficiency. Although in our opinion it is optimistic, this 
elasticity is used for analysis purposes. 

Either efficiency improvement strategy may prove to be 
politically difficult to adopt. The difficulty with the stan
dards is that the government would have to set up a testing 
center for certifying vehicles and would have to find an 
agreement with the domestic vehicle assembly industry. A 
substantial penalty for noncompliance would have to be set 
and enforced. 

As noted, the impact of a fuel economy standard (and a 
doubling in the price of fuel if the elasticity assumed is ac
curate) is an 18 percent reduction in energy use in the year 
2006 compared to the case without controls (Pl). Either policy 
would have minor direct costs to the government or to indi
viduals, and in the case of a pricing policy, in which the 
underlying cost of oil is not the source of the doubling, the 
poli~y could net the government a large amount of revenue. 
Vehicle owners, on the other hand, would incur increased 
fuel.cost. 
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Policies PS and P6: Area Controls and 
Use Restrictions 

These strategies are a direct policy response to a major met
ropolitan dilemma. The dilemma is that it is highly desirable 
to reduce congestion on Bangkok roads but enough roadway 
cannot be provided to reduce congestion levels. Congestion 
relief would result in shorter travel times (for a fixed set of 
trips), higher fuel economies, and lower pollutant emissions 
rates. Demand management policies could be implemented 
to reduce congestion. 

Policy P5 borrows a policy pioneered in Singapore and now 
adopted in a number of cities such as Athens and Oslo, which 
is to charge a fee (using tolls or a sticker system) to enter the 
central portion of the city. The objective is to reduce the 
vehicle kilometers by motorized vehicles by some combina
tion of carpooling, shifting from private vehicles to mass tran
sit, and shifting from private vehicles and mass transit to 
walking and bicycles. Policy P5 sets a schedule of fees for 
various types of vehicles so as to result in a 40 percent decline 
in vehicle kilometers and an increase in average speed to 24 
km/hr in an area roughly corresponding to Zones 1 and 4 
identified in the JICA study. 

To reduce the vehicle kilometers and provide for access, 
investment would be required to increase mass transit. In 
addition, investment would be required for pedestrian paths 
to provide for unserved walking demand. Some improvements 
in the sois (the narrow local streets that often dead-end at the 
canals), including bridges at selected locations, are required 
to provide for access to mass transit by means of bicycles and 
pedicabs, which would be reintroduced into this area of Bang
kok. Motor vehicles would be banned on many of the sois 
for most hours. Finally, borrowing on the extremely successful 
experience of many cities in Europe over the last two decades, 
certain important central shopping and cultural areas would 
be designated as pedestrian-only zones. The overall purpose 
of the policy is to provide for what might be termed a quiet 
zone with a high level of access under pleasant conditions. 

The quiet-area policy would require considerable will and 
vision. Because of the reduction in congestion, large travel, 
time savings would occur within the area. The results of the 
quiet-area policy are a decline in energy use and CO emis
sions in Bangkok of 9 and 12 percent, respectively, compared 
with Case P2. Energy use and emissions in the targeted area, 
Bangkok's most congested, fall precipitously by more than 50 
percent. 

Policy P6 is a more drastic policy; it adopts a policy pi
oneered in Mexico City to ban the use of all private vehicles 
used in Bangkok for 2 days each week (the Mexico City ex
periment is for 1 day). This policy runs on a sticker system 
that would allocate the reduction of traffic over 7 days. The 
objective is to reduce the number of automobiles, pickup 
trucks, and motorcycles by 29 percent on any given day and 
increase average vehicle speed in all zones. 

The impact of the vehicle use restriction policy for all of 
Bangkok is a reduction of 43 percent in energy use and 59 
percent in CO emissions. These dramatic results assume that 
the policy is adopted and strictly enforced and that higher
income vehicle owners do not purchase additional vehicles to 
circumvent the ban. They point out the large impact of conges
tion on energy use and emissions. To the degree that the 
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vehicle speed effects are overestimated (the assumption is an 
8-km/hr improvement in each zone), these reductions will be 
overstated. 

METHODOLOGICAL AND POLICY 
RECOMMENDATIONS 

The analysis of transportation energy use and resultant emis
sions reveals disturbing trends for environmental conditions 
and the quality of life in Bangkok. Current air quality con
ditions in Bangkok are near failing or have failed national 
and international standards for health despite favorable local 
meteorology that helps disperse air pollutants. 

Air quality may be worse in other major cities around the 
globe, for example, Mexico City, Los Angeles, and Cairo, 
but the prospects for further rapid growth in Bangkok pose 
an extremely serious challenge. Beyond basic environmental 
and health issues, there are the related issues of Bangkok's 
future as a tourist destination and a financial center. If rec
reational and investment prospects are not already dimmed 
by existing conditions, they are likely to be challenged by 
future conditions without a comprehensive mitigation strategy 
to address the deteriorating environmental condition. 

The flexible modeling framework used and the general sce
narios developed provide a basis for comparing some of the 
foremost air pollution management policies available to Thai
land. On the basis of the results of these scenarios and ad
ditional sensitivity studies, a set of preliminary policy rec
ommendations has been developed (14,15). 

Before these recommendations are considered, a few ob
servations on methodology will be made. First, where large 
survey-based origin-destination studies have been conducted, 
as in the case of Bangkok, these studies provide a major 
opportunity for systematically exploring energy and air pol
lution implications. The massive amount of route assignment 
data can be ignored for the purposes of exploring energy and 
emissions use by zone. This simplification results in an analysis 
that is amenable to microcomputer-based conventional 
spreadsheet software. 

This research benefited from the availability of a recent 
survey of vehicle owners to establish fuel economy levels and 
load factors. It would have further benefited if a similar survey 
had been available for emissions levels from vehicles. Thus, 
the adequacy of the assumption of emissions levels using a 
U.S. pre-catalytic converter is untested. The error here, how
ever, will tend to understate emissions levels and therefore is 
conservative. 

The large reduction in projected emissions for 2000 brought 
about by emissions controls combined with the recommended 
refinery modifications (Scenario P2) makes this policy the 
highest priority for consideration. This strategy would reduce 
lead and sulfur emissions in Bangkok and Thailand as a whole 
compared to 1989 levels. Though CO emissions drop signif
icantly from projected levels, the frequency of ambient con
centrations in Bangkok above international health standards 
would still increase significantly relative to 1989 levels because 
of the enormous energy demand increase. The fact that CO 
emissions and ambient levels increase despite the effective
ness of controls is indicative of how large the emerging air 
pollution problem is becoming. 
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Both the Thai government and the private fuel refiners have 
committed to a substantial investment in the refining sector 
for the Seventh Plan. That effort will upgrade existing facilities 
and add substantial new capacity and will include most of the 
capital necessary for processing unleaded gasoline and de
sulfurizing diesel and fuel oils. 

In addition to a basic emissions control policy founded 
on vehicle technology and fuel quality requirements, Bang
kok has four main options for improving environmental qual
ity and energy efficiency that can be considered in various 
combinations: 

•Congestion reduction policies, 
• Infrastructure capacity additions, 
• Technical energy efficiency improvements, and 
•A fuel switching policy. 

Any policy that results in a significant reduction in conges
tion brings about large improvements in emissions and energy 
efficiency, as was shown by the striking results of Scenarios 
P5 and P6. The difficulty is identifying proposals that policy 
makers are willing to implement. Any demand management 
policies adopted require ongoing experimentation, manage
ment, and adjustment. 

Electrically powered mass transit on separate grades is one 
of the most promising public infrastructure investments. These 
transit systems add capacity to the overall transportation sys
tem with energy-related emissions occurring at power plants. 
Not only can these emissions be better controlled, but the 
plants are located away from dense population centers. The 
systematic development of pedestrian paths, bridges, and bi
cycle ways is also promising. The advantage of these invest
ments is that they provide for considerable mobility without 
the accompanying energy use and emissions. The use of ex
clusion zones may be necessary to return many of the sois to 
bicycle and pedicab use and to improve the immediate en
vironment so as to make walking and bicycling attractive 
options. 

Fuel efficiency improvements (at any specified level of 
congestion) can be made in Thailand's vehicle fleet over the 
long run. Because of its relative energy intensiveness, the 
automobile and pickup truck fleets (when used primarily for 
passenger movement) are the main targets for fuel efficiency 
improvement. Substantial fuel taxes as in Japan, Korea, and 
most of Europe could also be imposed to attempt to achieve 
a similar result as an efficiency standard on new vehicles. 

Although the congestion, energy use, and emissions prob
lems facing Bangkok are enormous, it is also evident that a 
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large number of potentially effective responses exist. The 
methodology described here, using the case study of Bangkok, 
provides a flexible means for exploring and evaluating these 
and other options. 
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Transportation Planning and 
Management in Small Towns in a 
Developing Country: Case Study for 
Sri Lanka 

s. C. WIRASINGHE, J. F. MORRALL, AND L. L. RATNAYAKE 

The underlying reasons for the poor state of the transportation 
systems in small towns (also known as urban councils) in Sri Lanka 
are identified. Two major reasons are the lack of coordination 
among the various agencies responsible for different aspects of 
the system, and the absence of transportation planning. The lack 
of coordination and transportation planning can be addressed by 
establishing the post of "transportation planning engineer" in 
large urban councils. The duties and responsibilities of the pro
posed post and the required qualifications are outlined. Technical 
problems associated with road cross sections, the vehicle-transport 
network, pedestrian facilities, parking, and traffic control are 
discussed and some remedies suggested. The importance of con
sidering the mobility of all people, as opposed to those using 
automobiles, is emphasized. Novel approaches to the provision 
of public transportation services, such as joint urban council
private sector "tram" systems are proposed. 

The transportation systems in most small towns (also known 
as urban councils) in Sri Lanka are in a state of chaos today, 
mainly because of poor management, lack of financial re
sources, inadequate maintenance of the existing transporta
tion system, and the low capacity of the public (bus and van) 
transportation systems. A small town is defined as one with 
a population range of 5,000 to 50,000. The lack of formal 
coordination among the various agencies (e.g., Roads De
velopment Authority, Urban Council, Police, Regional (Bus) 
Transport Board, Private Bus Operators Council] contributes 
to the general disarray. Furthermore, some important users 
of the transportation system such as pedestrians and cyclists 
are not formally under the purview of any particular agency. 

Besides the problem of coordination, some of the other 
problems associated with transportation system planning and 
management in small towns a·nd possible remedies are also 
discussed. 

TRANSPORTATION NETWORK 

The transportation network in a urban council essentially con
sists of nodes [trip generators and attractors such as shopping 
areas, bus terminals, railway stations, weekend markets (pola), 
schools, hospitals, and industrial parks] and transportation 

S. C. Wirasinghe, J. F. Morrall, Department of Civil Engineering, 
University of Calgary, Calgary, Alberta, Canada TIN 1N4. L. L. 
Ratnayake, Department of Civil Engineering, University of Mora
tuwa, Moratuwa, Sri Lanka. 

links that connect the nodes to residential areas, to each other, 
and to intercity routes. In addition to roads (with sidewalks) 
the network includes foot and bicycle paths. The roads on 
the network should be classified as intercity arterials (pri
mary), secondary, tertiary, and feeder. The classification of 
a particular road will depend on functions and volume. 

Intercity 

Most small towns are on a Class A or B intercity route. The 
major function of an intercity route is the movement of traffic 
through the small town. Consequently, the link should have· 
a minimum of two clear vehicular lanes that are not obstructed 
by parked vehicles. On-street parking during periods of light 
traffic can be allowed only if four lanes are available. An 
intercity route could also consist of two one-way links with 
one lane and one parking lane, each forming a complete sys
tem. Raised and fenced sidewalks of a minimum 1-m height 
should be provided for pedestrians. Ideally, adjacent parallel 
one-way service roads should be provided with adequate park
ing, and parking should not be allowed on the intercity link. 
A good example is the Colombo-Galle Road through the 
Kalutara urban councils shown in Figure 1. 

Bypasses take business away from small towns. Conse
quently, bypasses should be considered only if space is un
available for adequate traffic movement within small towns. 

Primary Arterial 

An arterial street services major intraurban council move
ments of traffic as its major function. If an arterial link co
incides with an intercity link it should be configured as an 
intercity link. Otherwise, it should have a minimum of two 
lanes. One or two parking lanes could be provided if space 
is available. Off-street parking lots should be considered if 
space is not available for on-street parking lanes. An arterial 
could also consist of two one-way links with one-vehicular 
lane each and, if space is available, one parking lane each. 
Raised and fenced sidewalks should be provided for pedes
trians in central business district (CBD) regions. In other parts 
of the urban council, at-grade~ stabilized, compacted, drained, 
graveled sidewalks are sufficient. A good example is the 
Colombo Airport access road. 
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FIGURE 1 Widened section of the Colombo-Galle Road, 
Kalutara; note that cross section includes sidewalks, service 
roads, and main highway. 

Secondary Arterial 

A secondary arterial such as a shopping street caters mainly 
to people who have shopping destinations on that street. Ideally, 
it should have wide sidewalks for pedestrians , two parking 
lanes , and two lanes. However, a one-way street with only 
one lane and two parking lanes is acceptable . Additional off
street parking should be provided where necessary. In ex
treme cases , shopping streets can be converted to pedestrian
only malls with parking near the extremities of the mall and 
on adjacent streets . 

Collectors (Tertiary) 

Collectors are mixed use side streets that service local des
tinations as well as feed arterials with traffic. Two lanes with 
two at-grade graveled sidewalks are generally adequate , with 
parking bays provided in areas with shops , schools , temples, 
and such. One-way collectors should have at least one lane 
and one sidewalk. 

Feeders 

Feeder streets are side streets connected to collectors or ar
terials that service areas of mainly residences and an occa
sional boutique. Ideally , two lanes should be provided on 
these low-volume, low-speed roads. However, one wide lane 
on which two vehicles can pass slowly while moving in op
posite directions is sufficient. At least one sidewalk should 
be provided. 

Industrial Streets 

Industrial streets are collectors that serve industrial regions 
or parks within the urban council. They should have two wide 
lanes that can accommodate trucks and wide sidewalks , plus 
bicycle lanes and sidewalks for the workers. 
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ROAD CROSS SECTIONS 

The delays experienced by private motorized vehicles (sub
sequently referred to as vehicles) is perceived by most decision 
makers and influential citizens (all of whom are regular users 
of automobiles) to be a major problem. Although this is true 
to some extent, it is important to consider all modes of trans
portation (vehicles , pedestrians , buses , bicycles , carts) when 
establishing the cross sections for the roads in a town. In 
particular, it is important to consider formally pedestrian and 
bicycle trips since they are the most attractive from the eco
nomic, public health , and environmental points of view. It is 
noted that the term " cross section" includes both lanes and 
shoulders. Figure 2 shows a section of highway with no shoul
der provision for pedestrians . In contrast , Figure 3 shows a 
cross section with adequate shoulders for pedestrians. In
creased capacity for vehicles should not be given at the ex
pense of the pedestrians. At the same time , lanes demarcated 
for use by vehicles (hereforth called lanes) should be free of 
pedestrians (except at crosswalks) , and shoulders assigned to 
pedestrians should be kept free of parked vehicles. 

All roads should consist of at least one lane with shoulders 
adequate for pedestrians. Each lane of a two-lane , two-way 
or one-lane , one-way road should be wide enough (usually 5 
m) for a van to pass a load-carrying bicycle , with the cross 
section of each lane consisting of a 3.7-m vehicle lane and a 
1.3-m bicycle lane. The cross section should be wider if Re
gional Transport Board (RTB) buses are allowed. If parking 
is allowed , sufficient width should be available for a parking 
lane and the shoulder should be physically separated. This 
will help prevent motorists from parking on areas designated 
for pedestrians. 

FIGURE 2 Section of Galle Road near Galle; inadequate 
shoulders for pedestrians. 
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FIGURE 3 Kandy Road; recently reconstructed with adequate 
lane and shoulder width. 

In heavy pedestrian sections (more than 600 pedestrians 
per meter per hour), the lanes and adjacent sidewalks should 
be separated by welded steel-pipe fences with concrete foun
dations (1-3). This will prevent pedestrians from walking on 
lanes and vehicles from being parked on the sidewalk. In 
medium pedestrian sections the sidewalk should be raised, 
and in light pedestrian sections the road should be protected 
by a curb between the lane and a leveled gravel sidewalk. 
Figure 4 depicts the problem in which parked vehicles force 
pedestrians to walk on the roadway. 

The available roadway width and land use should dictate 
the number of lanes and whether parking is allowed. For 
example, shopping streets should have at least one parking 
lane 3 m wide, and priority should be given to extra lanes 
over parking lanes in streets with heavy through traffic. On 
arterial roadways the cross section should be wide enough 
to accommodate a median of variable width (usually a 
minimum of 1 m wide). The median can consist of raised 
curbs. 

Bus bays should be provided (minimum length of 36 m for 
three buses) near bus stops in the town center. Transit op:
erators at bus stops should not interfere with the pedestrians. 
Cantilevered structures in place of present rectangular ones 
should be constructed. 

CHANNELIZATION AND SIGNS 

Intersections should be channelized for turning movements 
and traffic circles when necessary . Further , all intersections 
within town limits except those between local streets should 
be controlled with Stop and Yield signs. Occasionally, an 
intersection may have to be signalized. 

The centerline of a two-way street should be marked with 
a solid yellow line. The edges of outside lanes should be 
marked with solid white lines. The space on the left side of 
the solid white line is for bicycles. A further solid white line 
will demarcate the separation (if any) between the bicycle 
lane and the parking lane. A broken white line will denote 
the separation between same-direction lanes. 
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FIGURE 4 Parked vehicles force pedestrians to walk on street 
in Welimada urban council. 

Local directional, parking, and traffic control signs are the 
responsibility of the urban council, and intercity directional 
signs are the responsibility of the Roads Development Au
thority (RDA). However, a manual on uniform traffic central 
devices for Sri Lanka should guide both groups. 

PARKING 

Traveling by private automobile is not cost-effective from a 
social point of view when the costs of providing extra lanes, 
parking facilities, policing, environmental pollution, and health 
care are considered . Ideally, most intraurban councils' trips 
should be undertaken by public transportation, cycling, or 
walking. A good intraurban council bus service should be 
subsidized (when necessary) by using funds generated by 
parking fees, provincial and national subsidies , and other 
sources. 

At present, the parking fee is from no charge to 1 rupee 
in most urban councils, irrespective of the time and the du
ration. A significant amount should be charged for all vehi
cles, including official vehicles, to park-say, 5.00 rupees per 
hour with a minimum of 2.50 rupees. Higher amounts should 
be charged during periods and at locations where parking is 
in short supply. Thus , parking near the market on weekends 
should be more expensive than parking at the edge of the 
town center during off-peak periods. The main idea is to 
discourage personal automobile use and consequently to re
duce congestion caused in part by circulating vehicles. How
ever, it is essential to provide a good alternative public trans
portation system. 

A significant amount of employment could be generated 
locally by hiring parking ticket issuers such as the traffic war
dens of Colombo. However, it may be more cost-effective 
to install locally designed parking meters. Again , a national 
competition could be organized for a parking meter suitable 
for local weather conditions and resistant to local forms of 
vandalization. 

Double parking and parking on the sidewalk (along or across) 
should be prohibited. Parking lanes should be wide enough 
to allow angle parking by passenger vans. 
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PEDESTRIAN FACILITIES 

The highest priority should be given to pedestrian facilities 
such as sidewalks, footpaths, pedestrian precincts (malls), 
and crosswalks. All streets should have dedicated exclusive
pedestrian sidewalks of appropriate width. The sidewalks should 
be raised and fenced in very heavy pedestrian corridors or in 
locations where parking lanes are adjacent. Parking on the 
sidewalks should not be allowed under any conditions. 

The sidewalks should be designed with adequate space for 
utility posts, garbage containers, and bus stops so that a min
imum width is available for walking. In particular, urban council 
bylaws should be strictly enforced to prevent the dumping of 
garbage, new construction materials, and construction debris 
on the sidewalks. The use of movable containers for construc
tion debris should be encouraged. It is common for sidewalks 
to be blocked by raw garbage, garbage containers, and trucks 
loading or unloading goods. Whenever possible, back streets 
(unpaved service streets running behind shops) should be used 
for this purpose. Alternatively, the storage and collection of 
garbage and the loading and unloading of goods should be 
strictly controlled with respect to time and location .. 

Sidewalk vendors and stalls provide a service to pedestrians 
that is governed by market forces. Forcible evacuation of 
vendors to distant "markets" rarely solves the problem. How
ever, priority space is for the pedestrian flow and not for 
vendor stalls. Streets with heavy pedestrian flows_ and many 
sidewalk vendors are prime targets for conversion to malls. 

Grade-separated pedestrian crossings (tunnels and bridges) 
are expensive and usually unattractive, unsafe, and rarely 
used to their potential. Well-marked at-grade crosswalks that 
are policed frequently and equipped with traffic lights where 
necessary are usually sufficient. 

Besides providing exclusive sidewalks along all streets, se
rious attention should be given to providing a network of 
pedestrian facilities such as footpaths and pedestrian malls 
that connect major nodes with the nearest bus terminal or 
bus stop, rail station, and parking lot. The essential ideas 
behind such a network are to provide a safe walking envi
ronment and to minimize walking distance. The footpaths 
should be leveled, compacted, stabilized, and well lit. Cross
ings of footpaths and streets should be carefully controlled 
with signs and signal lights where necessary. The pedestrian 
network should be designed to encourage the circulation of 
people walking and of public transportation as opposed to the 
circulation of vehicles seeking nearby parking. Schools and 
playgrounds should be connected to nearby residential areas 
by footpaths and sidewalks. Pedestrian crossings near schools 
should be located and operated with special care. Above- and 
below-grade crossings should be used only if absolutely nec
essary for capacity or safety purposes such as a crossing of 
an intercity route with heavy traffic by a pedestrian route. 
The use of the facility should be encouraged by providing 
well-designed, attractive structures with in-place vendor stalls 
if possible. It is recommended that two national competi
tions for type plans for at- and below-grade crossings be 
held. 

At present, the police control crosswalks used by pedes
trians. However, they should also ensure that pedestrians do 
not walk along the vehicular rights of way and enforce ap
propriate laws. 

BICYCLES AND OTHER NONMOTORIZED 
TRANSPORTATION 
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Previous large-scale urban transportation studies in Sri Lanka 
have neglected the importance and opportunities offered by 
nonmotorized transportation modes such as bicycles and pedal
powered trishaws. In fact nonmotorized modes are often cited 
as one of the causes of traffic congestion and safety problems 
on urban streets. This view of nonmotorized transportation 
has resulted in transportation system management schemes 
directed mainly to the automobile, bus, and truck at the ex
pense of nonmotorized transportation. Part of the problem 
as well is the view that nonmotorized transportation is asso
ciated with a backward technological society. Also part of the 
problem is that bicycle technology in Sri Lanka is antiquated
for example, single gearing on pedal trishaws. 

Pedal Cycles 

Thirty years ago, the percentage of cycle riders in small towns 
was much higher than it is today. Even though cycling should 
be encouraged in Sri Lanka for shorter-distance traveling (be
cause fossil fuel is not available), neither government nor 
planners have taken any measures to encourage this mode. 
The sharp drop in cycling is mainly due to safety reasons. 
Police accident statistics clearly show that a large number of 
pedal cyclists have had accidents in the recent past in small 
towns and other places and that many of these accidents are 
fatal. It is proposed that roads in towns should be planned to 
ensure the safety of pedal cyclists as well to encourage school 
children and others to use this mode more frequently. 

Possible solutions concerning bicycles and other slow-moving 
nonmotorized transportation include the separation of traffic 
streams into fast and slow lanes. Bicyclists may have to share 
the same facilities as pedestrians on narrow cross sections such 
as bridges. The minimum lane width for a bicycle with a carrier 
basket (the type typically used in Colombo) is 1.2 m, and the 
desirable width for a two-way cycle path is 2.0 m. In rural 
areas bicycles can share the shoulder with other slow-moving 
vehicles such as animal-drawn traffic. 

To improve safety for slow vehicles, traffic regulations (such 
as the provision of lights or reflectors) and transportation 
systems management that recognize the importance of non
motorized transportation both need to be marked. 

The potential, however, for nonmotorized transportation 
in Sri Lanka will not be fully realized until modem technology 
such as multiple gearing and improved braking are used. Mod
em bicycle technology coupled with planning and traffic en
gineering that provide for slow-moving vehicles will help es
tablish nonmotorized transportation as socially acceptable and 
practicable in Sri Lanka. 

Draught cattle have been used in many South Asian coun
tries for a very long time. Sri Lanka has a relatively higher 
per-capita vehicle ownership (about 2 percent) among South 
Asian countries. In the capital, Colombo district per-capita 
vehicle ownership is about 10 percent. However, even today 
nonmotorized transport is a major mode of transportation, 
even in Colombo. 

Cycling and walking are the major nonmotorized modes of 
passenger transport in small towns, especially for shorter and 
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medium-distance travel up to 6 to 10 km. Bullock and hand 
carts are the two major modes of nonmotorized goods transport. 

Bullock Carts 

Many aspects of bullock cart operations and costing remain 
imperfectly known-their type and design, the number of 
improved versions, their daily use, cost of operation, pattern 
of ownership, life span, and the exact nature of freight carried. 
There are an estimated 44,000 bullock carts in Sri Lanka. 

Most bullock carts have steel-rimmed wooden-spoked wheels 
attached to a wooden axle. All rely on wooden superstructures 
with roofs made from either coconut leaves or, less commonly, 
corrugated iron. In the far north and east of the country, 

·open-sided bullock carts are more common. In Sri Lanka the 
average load carried by a bullock cart is about 400 kg ( 4). 

In congested small towns in which there are narrow roads 
with many bends, the bullock carts delay motorized traffic 
because the roads are not planned to handle such mixed traffic. 
This has resulted in planners' giving low priority to this mode, 
even though many people use bullock carts to transport goods. 
The passenger-car equivalent of a bullock cart is estimated to 
be 6 to 8 units, and the average speed of a laden bullock cart 
is estimated to be 3.7 km/h. The average haul generally lasts 
1 to 2 hr. 

The major commodity carried by bullock carts and hand 
carts in urban council areas is building materials (bricks, ce
ment bags, sand, metal, iron reinforcements, roof tiles, tim
ber, etc.). The hiring charge for a cart is about half that of a 
truck for up to about 13 km. Hence, a majority of people 
living in urban areas hire carts to transport goods that need 
no careful handling. 

TRAFFIC AND PEDESTRIAN CONTROL 

Unless vehicle ownership is low, traffic congestion cannot 
really be eliminated. There is no city in the world that has 
both high automobile ownership and low traffic congestion. 
Traffic will increase to fill available capacity. 

It is relatively easy to control traffic on a well-planned, 
well-designed transportation network. In addition to enforc
ing the Motor Vehicles Act on automobiles and other vehicles, 
the police should also actively control pedestrians who cross 
illegally and walk along the vehicular lanes. Bicycles should 
also be checked for safety features and lights. 

Traffic control is needed mainly at intersections where the 
road space is shared by intersecting streams of traffic and 
pedestrians. Control options include noncontrol, traffic con
trol signs, traffic circles, and traffic signals. If the presence of 
police is required at a traffic circle, then it is either poorly 
designed or unable to handle the existing flows. 

When pedestrian traffic is low, it is counterproductive for 
police to stop vehicles at marked pedestrians crossings (with 
no signals) to let pedestrians cross. This leads the drivers to 
believe that they need not stop unless signaled by a policeman. 
Instead, the police should charge those who do not stop for 
pedestrians at crosswalks. If pedestrian traffic is so high that 
motor traffic can be severely obstructed at a crosswalk by 
regularly crossing pedestrians, pedestrian signals that work 
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on, say, 1-min cycles should be installed. Grade-separated 
crossings should be considered as the last step. If funds are 
not available to install pedestrian signals, the police could 
control pedestrian crossings. 

The philosophy behind urban traffic management is to get 
pedestrians and vehicles to remain in their own rights-of-way 
and to interact only at specific locations under controlled 
conditions. 

PUBLIC TRANSPORTATION 

The mobility of a majority of people depends on the provision 
of reasonable public transportation and pedestrian facilities; 
this includes non-automobile-owners, senior citizens, chil
dren, and many females. The urban council could negotiate 
with the local RTB depot and the Private Omnibus Associ
ation (POA) regarding the provision of intraurban council 
bus 'Services connecting residential areas to major nodes such 
as shopping centers, markets, government offices, hospitals, 
major office buildings, industrial parks, railway stations, and 
main bus terminals. Routes, stop locations, bus types, time-· 
tables, and terminal locations should be discussed and ne
gotiated. On low-demand routes the RTB and POA can be 
subsidized for providing minimum services. 

Currently available van services to schools are disasters 
waiting to happen because of overloading, lack of safety mea
sures, and poor pick-up/drop-off locations and practices. Most 
such services provide transportation to far-off schools outside 
urban council boundaries. Van service to local schools from 
within the urban council should be encouraged by providing 
good off-street parking facilities in or near schools and sug
gesting appropriate routes and safety features in conjunction 
with parent-teacher associations and school administrations. 
These services could be funded on a user-pay basis. 

Priority should be given to bus stops over parking lanes. 
Bus stops should be provided in parallel bus bays only if one 
lane is available for through traffic. Otherwise, buses should 
be allowed to stop on the left lane. 

An accessible, reliable, fast, safe, and inexpensive public 
transportation system is the key to urban transportation man
agement. A scheme that gives priority to public transportation 
and pedestrians can succeed only if the public transportation 
system functions. 

Mitric has suggested that developing countries ~ould draw 
several lessons from the successful French experience in pro
viding public transportation service in urban areas (5). He 
argues that the French system is successful because of the 
following: 

• Existence of a coherent national policy on urban public 
transportation. 

•Use of clear contractual arrangements among various lev
els of government and public transportation authorities that 
have been set up by groups of urban councils. The contracts 
"clarify relationships and mutual responsibilities; establish 
measurable goals; and stress partnership and negotiation." 

• Maintenance of competition between various private op
erators as well as private and public operators. 

• Decentralization, which resulted in experimentation and 
variety in technical matters, organizational, and tariff policies 
as well as in amounts of investment in public transit per capita. 



Wirasinghe et al. 

• Creative funding of public transportation including local 
taxes and subsidies from the federal government. 

The urban councils transport planning engineer, represent
ing the public (the demand side) should .negotiate with the 
RTB and POA (the supply side) regarding intraurban councils 
routes, bus stops, and frequencies. Otherwise, the public may 
be at the mercy of an oligopoly in which certain areas are not 
served. Some routes may have to be subsidized. 

In fact, urban councils have the power under Sections 57 
and 59 of the Urban Council Act of 1988, individually or in 
association with nearby urban councils, to construct and op
erate "tram" systems (streetcars or light rail transit systems) 
and all other public transportation systems (6). Under Section 
58, they have the power to form agreements with private 
sector operators to undertake such transport functions. Such 
services should be supported by the national and provincial 
governments as well as through special urban council taxes 
on properties and vehicles as allowed under Section 162(1) 
of the Urban Council Act of 1988. 

Shanmugalingam has given a legal opinion to the effect that 
"the draft proposals (in this report) are not in any way ultra 
vires to the provisions of the 13th Amendment" (personal 
communication, 1991). 

COORDINATION 

The responsibility for various aspects of the transportation 
system in an urban council falls on several different agencies 
and officials. A major cause of the mismanagement of the 
system is.the splitting of responsibility among many agencies 
and officials. One possible solution would be for the urban 
councils to take over responsibility for most aspects of the 
transportation system. However, this is not viable from an 
economic point of view given the low tax base of many urban 
councils. It is also an inefficient way of using resources such 
as highway maintenance equipment. On the other hand, some 
urban council administrations appear to be satisfied in not 
having much responsibility since transportation woes can be 
blamed on others. 

In the following it is argued that the transportation system 
performance in small towns can be improved substantially by 
creating the post of transportation planning engineer. This 
engineer would be responsible for all transportation planning 
and management activities falling under the control of an 
urban council. Typically, one transportation planning engi
neer would be responsible for each large urban council. For 
small urban councils within an urban conurbation, an asso
ciate transportation planner (not necessarily an engineer) would 
be responsible for the day-to-day planning for each urban 
council and the transportation planning engineer would have 
overall responsibility for all urban councils within the con
urbation. Among other responsibilities, the transportation 
planning engineer would chair a transportation coordinating 
committee consisting of persons from various public and pri
vate agencies responsible for various sectors of the transpor
tation system. 

Urban Council Transportation Planning Engineer 

At a minimum, an urban council should be responsible for 
planning the transportation system within its area, to the ex-
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tent possible under the Urban Council Act of 1988. It is vitally 
important for a transportation planning engineer to be avail
able in-house and to be responsible to the urban councils' 
politicians and hence to the people. Some of the major func
tions of the proposed urban council transportation planning 
engineer are 

•Planning and operating the urban council road network; 
•Designating arterials, collectors, local roads, and so on; 
•Designating parking lanes and off-street parking lots; 
•Enforcing parking and collecting parking fees; 
•Designating truck routes, loading zones, and times; 
• Providing traffic signs; 
•Situating bus stops, bus terminals, and bus routes (in 

consultation with RTB and POA); 
• Providing bicycle facilities; and 
• Providing pedestrian facilities. 

A major function of the transportation planning engineer 
would be the chairing of an urban council transport coordi
nation committee consisting of the following officials: 

•Urban council transportation planning engineer (chair); 
• Inspector of Police (traffic), Sri Lanka Police (local station); 
•RDA executive engineer; 
• RTB depot superintendent; 
• POA secretary; 
•Merchants association president; and 
• Sri Lanka Railway station master. 

This group should meet at least four times a year and when
ever necessary to discuss problems, solutions, and any pos
sible changes to the transportation system. Each official would 
have legal authority over various aspects, but he or she would 
be expected to consider the viewpoints of the others and ·to 
attempt to accommodate their concerns. At the least, all issues 
and concerns would be on the table and would receive a full 
airing of views. 

Further, the transportation planning engineer would chair 
an honorary advisory committee of citizens consisting (at a 
minimum) of 

• A local school principal, 
•A local merchant, 
• Two householders from the urban council, and 
• A senior citizen from the urban council. 

Input would be requested from this committee regarding any 
changes to the transportation system. 

The transportation planning engineer and the works engi
neer would coordinate excavations for utilities (water, sew
erage, electricity, telephone) to minimize disruptions. Essen
tially, no major excavations should be permitted on the road 
system without the prior consent of the transportation plan
ning engineer. 

Qualifications and Training 

The transportation planning engineer would be a qualified 
civil engineering graduate who has taken courses in trans
portation planning and engineering and preferably a course 
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in urban planning. In the long term transportation planning 
engineers should be required to hold a postgraduate diploma 
in transportation planning and management. This type of di
ploma is planned to be offered by the University of Moratuwa 
beginning in 1992. Professional registration (C.Eng. ) would 
be required. 

The associate transportation planner would be any degree 
holder qualified in at least two of the following subjects: phys
ics , mathematics , geography , economics , sociology , and com
puter science. The associate planners could be further trained 
by means of a series of short courses , seminars , and workshops 
in transportation planning and management. 

SMALL TOWN CASE STUDIES 

Two small towns have been selected for case studies: Nuge
goda and Maharagama on Route A4. Both towns are within 
what may be considered the greater Colombo area. The traffic 
and transportation problems of each town are discussed briefly, 
and preliminary planning studies are recommended. These 
studies are currently under way by final-year civil engineering 
students at the University of Moratuwa. 

Nugegoda 

Nugegoda is on Highway A4 approximately 10 km southeast 
of the Colombo CBD. 

Road Network 

The main shopping area is on a secondary road connecting 
with the main highway , Route A4. The two main intersections 
are uncontrolled with operations at times similar to a four
way stop. There is little or no channelization. All road links 
are nominally two-lane facilities. Pavement surface is consid
ered good , but excavations have not been resurfaced and 
many manhole covers are missing, as shown in Figure 5. The 
uncovered manholes pose a danger for pedestrians , cyclists , 
and vehicles . 

Public Transportation 

Public transportation facilities consist of an off-street terminal 
for public and private buses that is adjacent to the Nugegoda 
rail station. The rail line is currently underused in terms of 
its potential capacity , although the three trains per day are 
operating with high load factors. In June 1990, a total of 3,022 
passengers passed through the Nugegoda rail station. The rail 
line has a right-of-way adequate for upgrading to light rail 
transit. Of grave concern is the encroachment on the rail right
of-way by small shops and squatters , as shown in Figure 6. 
Measures should be taken immediately to protect all trans
portation corridors from illegal development. Without a trans
portation corridor , introduction of upgraded rail or transitway 
systems will be difficult , if not impossible , to construct. 
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FIGURE 5 Missing manhole covers on main shopping street in 
Nugegoda. 

FIGURE 6 Example of encroachment on K.V. rail line right
of-way in Nugegoda. 
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Pedestrian Facilities 

Although wide sidewalks exist in certain areas , many sections 
have broken pavements , forcing pedestrians to use the road. 
In those areas with no sidewalks , pedestrians are forced to 
walk on the road . Pedestrian crosswalks are in need of re
painting. The open market provides a pedestrian mall free of 
vehicles. Pedestrians are sometimes forced to use the road if 
sidewalks are used for displays by shop owners , as shown in 
Figure 7. 

It is recognized that a lack of pedestrian data has been a 
constraint in defining the pedestrian problem and evaluating 
alternative solutions . Recent techniques , however, have been 
developed to minimize the errors resulting from short-term 
counts with large variances (1). Using such techniques would 
help expand the pedestrian data base of small towns and 
introduce new planning techniques to the transportation plan
ning engineer. 

Parking 

Off-street parking is provided at the shopping center, and 
parallel parking is permitted on the main shopping street west 
of the open market. A limited amount of parking in front of 
shops , although illegal , is tolerated by the police because of 
the problems of enforcement. Illegally parked cars, however, 
force pedestrians to walk on the road. Traffic wardens were 
observed on duty , and their efforts were diligently performed 
and effective. Parking for taxis is provided at the shopping 
center, which is adjacent to the bus and rail terminal. 

Recommended Studies 

1. Conduct a traffic circulation analysis. 
2. Analyze two main intersections to determine if signals 

are warranted and their cost. 
3. Review public transportation facilities including the bus 

and rail terminals. 

FIGURE 7 Pedestrians forced to use road where sidewalks are 
used by shop owners. 
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4. Develop an overall plan to improve pedestrian facilities. 
Special attention should be paid to the separation of pedes
trians and vehicles , crosswalks , and adequate pedestrian 
walkways . 

5. Develop a parking plan for Nugegoda town. The plan 
should show the location and number of parking stalls and 
where parking is restricted . 

Maharagama 

Maharagama is also on the main road A4, but it is several 
kilometers southeast of Nugegoda. Maharagama differs from 
Nugegoda in that the main shopping activity is on the main 
road and that the potential for a fully integrated transportation 
system is not as great. 

Road Network 

The main shopping activity lies on the Route A4, which also 
serves through traffic. The old highway parallels part of the 
new highway and offers some potential for a bus terminal off 
of the main route. The main problem with traffic circulation 
appears to be that the main route must serve all trip purposes 
and all modes, including its use as a bus terminal. 

Public Transportation 

The main problem is that the bus terminal lies along Route 
A4 , resulting in buses interfering with through and local traffic 
as well as pedestrians. 

Pedestrian Facilities 

Along the main route , pedestrian facilities are very poor. How
ever, the market area provides shopping in a mall atmosphere. 

Parking 

A limited amount of off-street parking is provided in Ma
haragama; however, many vehicles were observed parking on 
curbs and sidewalks. 

Recommended Studies 

1. Examine the possibility of separating through and local 
traffic. 

2. Determine the potential of using the old road as an off
street bus terminal. Because this offers the greatest potential 
for improvement in Maharagama, a detailed public transit 
circulation and terminal plan should be developed. Also , as 
part of this project , the potential of linking the bus and rail 
station should be investigated. 

3. Develop a plan for upgrading pedestrian facilities 
throughout Maharagama town center. 
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Bicycle-Friendly Cities: Key 
Ingredients for Success 

ANDY CLARKE 

What makes a city bicycle-friendly? How can a city become more 
bicycle-friendly? Seattle has twice been voted the best city for 
bicycling in the United States. Other cities renowned for bicycling 
have similar characteristics that distinguish them from cities con
sidered less conducive to bicycling. A detailed survey of bicycle 
professionals has been carried out, and the criteria for judging 
t~e 10 best cities for bicycling were researched. Three key ingre
dients for success are identified, and their applicability to cities 
across the United States and elsewhere is explored. 

More new bicycles are sold each year than new cars; 93 million 
U.S. residents enjoy bicycling, most of them adults (1). A 
recent opinion poll carried out by the Harris organization on 
behalf of Bicycling magazine reported that although only 1 
person in 60 in the United States currently commutes by bi
cycle, that figure could rise to 1 in 5 if conditions were more 
favorable (2). Outside Business magazine in February 1991 
rated the six "hottest" sports for the 1990s: mountain bicycling 
was top, and bicycle touring was fourth. Tandem cycling was 
first in the "what's next" category (3). 

Interest in bicycling is high at the federal level. FHW A 
appointed a bicycle program manager in 1990, and the Office 
of the Secretary of Transportation followed suit in 1991. FHW A 
and the U. S Department of Transportation are involved in a 
2-year, $1 million National Bicycling and Walking study. FHW A 
has been actively promoting bicycling through its regional and 
district offices with a series of publications and policy mem
orandums from the FHW A Administrator. 

Many bicycle-specific bills have been introduced into Con
gress over the past 2 years; they range from general expres
sions of support for bicycling to proposals for guaranteeing 
levels of funding for bicycle and pedestrian facilities and re
quiring the installation of bicycle parking at all federal office 
buildings. 

State, county, and city agencies are showing a similar level 
of interest. For some, bicycling is an opportunity to reduce 
single-occupant vehicle use. For others, bicycling is an integral 
part of the transportation system, or a desirable recreational 
and environmental policy to pursue. Cities struggling with 
congestion, new clean air mandates, and dwind.ling resources 
for new construction and maintenance are increasingly look
ing at bicycling, walking, and other transportation demand 
management strategies for salvation. 

Whatever the reason for individual or organizational in
terest in bicycling, some communities are regularly portrayed 
as models for others to follow. A glance through the literature 
shows the following st~t~s and cities cited for frequent praise: 

Bicycle Federation of America, 1818 R Srreet, N.W., Washington, 
D.C. 20009. .,, · · ·' · 

California, Minnesota, New Jersey, North Carolina, Ohio, 
and Oregon; and Davis, Palo Alto, and San Diego, Calif.; 
Boulder, Colo.; Gainesville, Fla.; Eugene and Portland, Oreg.; 
Arlington, Va.; Seattle, Wash.; and Madison, Wis. 

WHICH CITIES ARE BEST FOR BICYCLING? 

These cities may not have the highest levels of bicycle use, 
but they are always singled out as being among the most 
bicycle-friendly cities in the United States (4). For example, 
in 1988 and 1990 Bicycling magazine published a list of the 
top 10 cities for bicycling (5,6). The results were as follows: 

• 1988 
-Seattle, Wash. 
-Missoula, Mont. 
-Eugene, Oreg. 
-Washington, D.C. 
-Indianapolis, Ind. 
-Ann Arbor, Mich. 
-Bloomington, Ind. 
-Calgary, Alberta 
-Redmond, Wash. 
-Palo Alto, Calif. 

• 1990 
-Seattle, Wash. 
-Palo Alto, Calif. 
-San Diego, Calif. 
-Boulder, Colo. 
-Davis, Calif. 
-Gainesville, Fla. 
-Eugene, Oreg. 
-Montreal, Quebec 
-Madison, Wis. 
-Missoula, Mont. 

In the 1990 survey, honorable mentions were also given to 
Ann Arbor, Mich.; Arlington, Va.; Minneapolis, Minn.; 
Toronto, Ontario; and Calgary, Alberta. 

A 1989 survey by the League of American Wheelmen rated 
the performance of states in relation to bicycle policies, rules, 
and regulati~ns. The top five states were Arizona, California, 
Oregon, Ohio, and Florida (7): an increasingly familiar list. 

This paper identifies why these communities are so iden
tified with· probicycling prog.r~ms and policies, what makes 
them different from other sfates and cities, and, more im
portant, what other states and cities can do to make' them-
selves more bicycle-friendly. .. ._· . 
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THREE KEY INGREDIENTS OF SUCCESS 

When representatives of the bicycle industry, bicycle user 
groups, trade and consumer magazines, and government 
agencies met to discuss this question in 1989, a clear train of 
thought emerged (8). 

First, they acknowledged that increasing the level of bi
cycling-for transportation and for recreation-is a desirable 
social, economic, and environmental goal, but that it will not 
happen as long as people believe that there are too few safe 
places to bicycle. More people would bicycle if they felt safer 
doing so. 

Bicycling takes place primarily on the highway system or 
in parks and recreation areas controlled by government. Gov
ernment action-or inaction-determines the quality of the 
bicycle riding environment. In almost all the places where 
bicycling is popular-such as those places listed-the city or 
state has an active bicycle program. An active bicycle program 
usually comprises three key ingredients: 

1. A full-time bicycle program manager, 
2. Supportive politicians and professionals within govern

ment agencies, and 
3. An active and organized citizenry, usually exemplified 

by the presence of a bicycle advisory committee. 

Bicycle Program Manager 

In 1990 the Bicycle Federation of America (BFA) surveyed 
more than 250 government agency staff members at the fed
eral, state, and local levels who work on bicycle issues. More 
than 120 completed surveys were returned, 34 (29 percent) 
from people with the title of bicycle coordinator or bicycle 
program manager. Five more respondents had full-time po
sitions devoted solely to bicycle issues but were not actually 
called bicycle coordinators (9). 

Two-thirds of the respondents were in the engineering, 
transportation, or planning departments of their government 
agencies. This is important because the vast majority of bi
cycling does and will continue to take place on the highway 
system, which is shared with other vehicles. Locating bicycle 
program managers in the engineering or transportation de
partment gives them the best access to information and input 
to the design and implementation of projects directly affecting 
the quality of the places in which people ride bicycles. 

Eight of the top 10 cities for bicycling in 1990 have bicycle 
program managers; of the two that don't, one has just recently 
ended a full-time position. Seattle has a bicycle and pedestrian 
program staffed with six full-time positions, and neighboring 
King County also has a full-time Roadshare Program man
ager. The city and county of San Diego both have full-time 
positions, and the city of Boulder maintains two full-time 
positions. 

The most productive results have come from full-time po
sitions. Some agencies-the majority in the 1990 BF A survey
give to a staff person the title or responsibilities of a bicycle 
program manager but allow them to spend only 10 percent 
or less of their time on the job. Such an allocation of time 
makes it difficult to carry out many of the essential functions 
of a bicycle coordinator. 
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A bicycle program manager should review all capital im
provement projects, traffic plans, development proposals, and 
comprehensive plans affecting bicycle access and safety. Most 
important, the manager should develop policies, regulations, 
and guidelines that institutionalize the development of designs 
and plans to include bicyclists as a matter of course. As em
ployees learn to implement the policies, regulations, and 
guidelines, the manager should need to spend less time on 
the review process. 

In the short term, however, a major function of managers 
is to ensure that the government agencies in which they work 
incorporate bicycling into all transportation projects and that 
. projects are not approved if they make bicycling more diffi
cult, or impossible. 

The bicycle program manager should also be able to advise 
on the planning and design of specific bicycle facilities-as a 
part of larger highway and site designs and as independent 
bicycle facilities such as bicycle parking and special intersec
tion designs. Often jurisdictions like to have specific bicycle 
plans, or bicycle elements in their planning documents, for 
which the bicycle program manager will be responsible. 

The BF A survey of bicycle program specialists revealed 
other key functions. Sixty-five percent of respondents stated 
that "coordination" was a major emphasis of their work. "In
formation flow" was mentioned by 52 percent, and 35 percent 
included "communication." Bicycle program managers per
form a coordinating and technical assistance function within 
their agencies, spreading information and advice on bicycle
related issues, both technical and general, to their colleagues. 

The survey asked respondents to check the activities on 
which they had devoted time in the previous 12 months. The 
most popular answers were policy development ( 69 percent), 
facility design (63 percent), comprehensive planning (62 per
cent), and facility planning (61 percent). The activity most 
frequently mentioned by full-time bicycle program managers 
was dealing with the media and publicity activities. Full-time 
staff were more likely to be involved in highway project and 
site and subdivision review. In general, answers to this ques
tion were encouraging, because it would appear that bicycle 
program specialists spend most of their time on tasks for which 
they are uniquely qualified, trained, and positioned to un
dertake: planning, policy development, facility design, and 
highway project review. They do not spend a lot of time 
teaching bicycle safety or enforcement activities, which, al
though important, should be the responsibility of other de
partments or agencies, or even of volunteers. 

Supportive Politicians and Professionals in 
Government Agencies 

One bicycle program manager in a large highway department 
of hundreds or thousands of employees can get lost quickly. 
One of the greatest challenges of bicycle program staff, there
fore, is to generate support for their activities, and to per
suade, train, and require their colleagues to work toward the 
same aim-that of creating more safe places to ride. 

In most cases, highway engineers and planners are not op
posed to that idea, but they have never been given the en
couragement, advice, or technical information on how to ac
commodate bicyclists in the highway system. A draft survey 
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of bicycle and pedestrian education courses in U.S. univer
sities in 1990 revealed that only 1 percent of university en
gineering courses offer a separate course in bicycle and pe
destrian transportation (10). Forty percent of respondents 
reported that they offer some bicycle material in their courses, 
but the average time given was just 1.5 h. 

There are many ways in which the bicycle program manager 
(or other interested individuals and organizations) can start 
to reverse this process and make engineers and planners more 
comfortable with the notion of providing for bicycles. 

• Circulate interesting magazines, newsletters, articles, and 
technical papers related to bicycling. 

•Write articles for internal agency magazines and news
letters on the work of the bicycle program or on bicycle plan
ning and engineering in general. 

• Present different aspects of planning for bicyclists infor
mally at staff meetings or over a bag lunch. 

• Organize in-house training through the personnel de
partment. 

•Arrange training courses (from Yz day to 3 days in length) 
to be run by outside organizations. 

•Encourage attendance at major bicycle conferences. 

Just as important as the lack of formal bicycle-related train
ing for most engineers and planners is that few of the regu
lations, guidelines, or policies within which they operate re
quire them to consider bicycles. For example, most communities 
have zoning ordinances requiring a minimum number of au
tomobile ,parking places in new developments. Very few re
quire a minimum level of bicycle parking, and so no one thinks 
to include space for bicycle parking. 

There are certain key public documents (plans, policies, 
and standards) that are essential to all levels of government. 
By changing these basic documents, a bicycle program man
ager can ensure that bicycling is considered at the earliest 
stages of all planning and development projects. 

Highway Design Guides 

Most government agencies involved in highway construction 
and design have standards, guidelines, or policies to be fol
lowed. Agencies may adopt standards used by others, such 
as another state, or a national professional association, such 
as ITE. Other agencies will develop their own technical doc
uments, and these will be revised on a regular basis. A bicycle 
program manager should discover which documents are being 
used and when they are to be revised. At that time, they can 
provide comments on and additions to the document to better 
reflect the needs of bicyclists. AASHTO has a bicycle facilities 
handbook that many state and local agencies have adopted 
as their standard (11). Florida (12), New Jersey (13), Min
nesota (14), and North Carolina (15) are among the states 
with their own design guides for bicycle facilities. 

Planning Documents 

All units of government engage in long- and short-range plan
ning, and it is essential that these documents incorporate full 
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consideration of bicycling. During the 1970s it was common 
for states and cities to develop special bicycle master plans, 
most of which are gathering dust on government office shelves. 
Although these special bicycle plans can serve a valuable pur
pose, particularly in providing direction and focus to a bicycle 
program, it is usually more important to have bicycle pro
grams, policies, and projects integrated into larger community 
plans. As a stand-alone document a bike plan can be isolated, 
marginalized, or ignored by the rest of a government agency. 
Nevertheless, Oregon (16), Florida (17), Minnesota (18), and 
Dallas (19) provide excellent examples of individual bicycle 
plans and program documents that work. 

Other Ordinances and Regulations 

Bicycle program managers need to· know when state imple
mentation plans, growth management plans, street maintenance 
schedules, zoning ordinances, and a host of other documents 
are being developed so that they can add in consideration of 
bicyclists' needs. 

Building Political Support 

Ensuring that the bicycle program has frequent, small, visible 
successes and products-such as parking stands, pothole re
pairs, signal and sign repair and replacement, lighting im
provements, maps, safety brochures and publications-helps 
maintain a high profile, both within the agency and externally. 
In tum, this enables politicians to show progress and to feel 
good about the program. 

With these small successes, support can be garnered for 
more ambitious projects, such as including space for bicyclists 
in a bridge replacement project or highway improvement and 
in the ongoing battle for funding. 

The success of this second element of an active bicycle 
program can be most rewarding and effective, as evidenced 
by many of the top 10 cities for bicycling. The city of Seattle 
spends up to $5 million each year on improvements for bi
cyclists, ranging from pothole repairs to major bridge reno
vations that incorporate bike lanes costing hundreds of thou
sands of dollars a mile. 

In Palo Alto every new development (retail, business, and 
domestic) incorporates a minimum level of bicycle parking, 
both lockers and short-term parking stands. Resurfacing, 
patching, and locating metal plates in the street all take into 
account the need for a smooth surface for bicyclists. Metal 
plates, for example, must be surrounded with asphalt to re
move the sharp edges and severe bumps. 

The integration of bicycles with transit systems in San Diego; 
Arlington, Va.; and Montreal, Quebec, results from strong 
institutional and political support for bicycling. Progress in 
Portland and Eugene has been made possible by the com
mitment of funds and staff at the state level as well as at the 
city level. Florida has helped create bicycle programs in every 
metropolitan area in the state, and millions of dollars a year 
are spent In making state highways safe and accessible to 
bicyclists, according their highway design standards. 
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Active Citizens and a Bicycle Advisory Committee 

The third key ingredient necessary to make a city or state 
bicycle-friendly is an active local bicycle community, including 
more general neighborhood activism and citizen involvement 
in government. 

The bicycle community has developed a valuable structure 
for encouraging participation in government through bicycle 
advisory committees (BACs) or task forces. The 1990 BFA 
survey of bicycle program specialists revealed that more than 
half the respondents had some kind of relationship with a 
BAC, and almost all the best cities for bicycling have such 
bodies. 

BACs are traditionally made up of volunteers, not neces
sarily all of whom come from bicycle groups. They provide 
input into the government process, work on bicycle-related 
issues within the community, activate other volunteers, and 
provide some vision and direction to the work of the bicycle 
program. (BACs may be structured so as to include mostly 
government agency personnel meeting to coordinate the ef
forts of different government agencies.) 

Some common activities of a BAC (which typically com
prises 6 to 10 members who meet monthly) include the fol
lowing: 

• Reviewing and commenting on planning documents and 
policies; 

•Developing policies and guidelines on bicycle issues; 
• Implementing community-based activities such as edu

cation programs, maps, publications, and bicycle events; 
• Identifying the needs and concerns of bicyclists and the 

opportunities for bicycling in the community; 
• Recommending and implementing programs involving the 

private and nonprofit sectors-such as bike-to-work pro
motions; and 

• Reviewing the annual workplan of the bicycle program 
and developing their own list of priority projects. 

The involvement of citizens through a BAC has distinct 
benefits. First, the decisions and actions of the BAC are more 
likely to reflect a balance between the enthusiasm and ideals 
of citizen members and the realism and attention to practical 
details of government employees. Second, working together 
educates all involved as to the views and constraints under 
which each must operate. Citizens, in particular, are better 
able to understand how government works as a result. Third, 
the BAC may be able to ask for, and say, things that gov
ernment employees cannot. The BAC provides an official 
channel for citizen comment and requests. Fourth, a BAC 
provides continuity and permanence in the face of personnel 
changes. For example, in Eugene, Oregon, 

the presence of a regular committee with a body of wisdom 
shared by the continuing members provides a buffer against these 
losses [of staff]. The program need not die and have to be re
started, and replacements are more quickly trained. Under the 
guidance of the committee three bicycle coordinators [in 10 years] 
gained their stripes and two traffic engineers learned to think 
bicycles. (20) 

The value of citizen involvement is certainly not confined 
to a BAC. Indeed, BACs are often the result of citizen pres-
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sure for government action on bicycle issues. The highly suc
cessful Florida bicycle program was created after citizens per
suaded Governor Graham to form a task force, which in turn 
recommended the appointment of a full-time bicycle coor
dinator, back in 1979-1980. 

In Seattle the bicycle community helped in securing passage 
of a $33 million bond issue for open space preservation and 
trail development that will finance parts of the growing bike 
network in the city and neighboring King County. 

Citizens in San Diego have. worked hard to preserve the 
position of the bicycle coordinator and have generated two 
excellent technical reports on the location of bicycle parking 
(21) and the installation of bicycle-sensitive traffic signals (22). 

CONCLUSIONS 

1. Three clearly identifiable and common ingredients make 
up a successful bicycle program: 

• A full-time bicycle program manager, 
• Supportive politicians and professionals in government 

agencies, and 
• An active and organized citizenry, usually exemplified 

by the presence of a BAC. 

In states and cities with active and successful bicycle pro
grams, real progress is being made toward the creation of 
bicycle-friendly communities in which large segments of the 
population will feel comfortable, willing, and able to ride 
bicycles for both transportation and recreation. 

2. The existence of all three elements simultaneously is not 
necessary for success, and it is not possible to say which is 
the most important element. Palo Alto, for example, has not 
had an official bicycle program manager but has done more 
than most communities to improve conditions for bicyclists. 
The city does have good citizen involvement and a responsive 
government. Similarly, Montreal does not have a formal BAC, 
but it does have an active citizenry and the other two elements. 
Gainesville has not had a bicycle coordinator for 2 or 3 years, 
but it is still a good place for bicyclists. 

3. Conversely, many communities do have one or more of 
the three key ingredients, but have not experienced the same 
degree of success as places such as Madison and Boulder. The 
three ingredients are not guarantees of success. 

4. In all of the places best known for being bicycle-friendly, 
and in places with one or more of the key ingredients, there 
remains much to be done to fully integrate bicycling into the 
transportation system. They may have achieved more than 
Detroit, Mich., or Hutchinson, Kans., but there is still a long 
way to go. 

5. There are no hard and fast rules about how to implement 
or create a successful bicycle program containing these key 
ingredients. Bicycle program manager positions have most 
often been created by transportation departments without the 
need for specific legislation or mandate. However, many po
sitions so created are part time and less likely to generate 
substantial change. Most of the full-time and more succe~sful 
positions have been created by legislation or executive order 
of a governor or mayo~. 
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New federal legislation proposed by U.S. Representatives 
DeFazio and Oberstar would require each state to appoint a 
bicycle and pedestrian coordinator (23)-but no such man
date is possible to make whole government agencies more 
receptive to bicycling. 

6. Highway and transportation agencies are continually 
having to deal with new issues and new pressures, ranging 
from fresh environmental mandates to telecommunity, trans
portation demand management programs, and intelligent 
vehicle-highway systems. The way in which bicycle programs 
have been able to develop and become institutionalized within 
agencies provides useful guidance and experience for upcom
ing issues. 

This is particularly true for pedestrian issues, for which 
many of the problems faced by bicyclists and pedestrians are 
the same: institutional neglect, lack of funding, and lack _of 
safe places to walk. The ways to overcome them may also be 
similar, and in a few short years most transportation agencies 
may have both a bicycle and pedestrian program manager 
working with citizen advisory groups to make U.S. commu
nities more bicycle- and pedestrian-friendly. 
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Bicycles and Cycle-Rickshaws in Asian 
Cities: Issues and Strategies 

MICHAEL REPLOGLE 

An overview of the use and impacts of nonmotorized vehicles in 
Asian cities is provided. Variations in nonmotorized vehicle use, 
economic aspects of nonmotorized vehicles in Asia, and facilities 
that serve nonmotorized vehicles are discussed, and a reexami
nation of street space allocation on the basis of corridor trip length 
distribution and efficiency of street space use is urged. The re
lationship between bicycles and public transportation; regulatory, 
tax, and other policies affecting nonmotorized vehicles; and the 
influence of land use and transportation investment patterns on 
nonmotorized vehicle use are discussed. Conditions under which 
nonmotorized vehicle use should be encouraged for urban trans
portation, obstacles to nonmotorized vehicle development, ac
tions that could be taken to foster appropriate use of nonmoto_r
ized vehicles, and research needs are identified. 

Nonmotorized vehicles-bicycles, cycle-rickshaws, and carts
play a vital role in urban transportation in much of Asia. 
Nonmotorized vehicles account for 25 to 80 percent of vehicle 
trips in many Asian cities, more than anywhere else in the 
world. Ownership of all vehicles, including nonmotorized ve
hicles, is growing rapidly throughout Asia as incomes increase. 

However, the future of nonmotorized vehicles in many Asian 
ci~ies is threatened by growing motorization, loss of street 
space for safe nonmotorized vehicle use, and changes in urban 
form prompted by motorization. Transportation planning and 
investment in most of Asia has focused on the motorized 
transportation sector and has often ignored nonmotorized 
transportation. Without changes in policy, nonmotorized ve
hicle use may decline precipitously in the coming decade, with 
major negative effects on air pollution, traffic congestion, 
global warning, energy use, urban sprawl, and the employ
ment and mobility of low~income people. 

As cities in Japan, the Netherlands, Germany, and several 
other European nations demonstrate, modernizing urban 
transportation requires not total motorization, but the ap
propriate integration of walking, nonmotorized transporta
tion, and motorized transportation. As in European and Jap
anese cities, in which a major share of trips are made by 
walking and cycling, nonmotorized vehicles have an important 
role to play in urban transportation systems throughout Asia 
in coming decades. 

Transportation investment and policy are the primary fac
tors that influence nonmotorized vehicle use and can have an 
effect on the pace and level of motorization. Japan, Germany, 
Denmark, and the Netherlands have witnessed the major 
growth of bicycle use despite increased motorization, through 
policies providing extensive bicycle paths, bicycle parking at 
rail stations, and high fees for motor vehicle use.· China has 
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for several decades offered employee commuter subsidies for 
cyclists, cultivated a domestic bicycle manufacturing industry, 
and allocated extensive urban street space to nonmotorized 
vehicle traffic. This strategy reduced the growth of public 
transportation subsidies while meeting most mobility needs. 
Today, 50 to 80 percent of urban vehicle trips in China are 
by bicycle, and average journey times in China's cities appear 
to be comparable to those of many other more motorized 
Asian cities, with favorable consequences for the environ
ment, petroleum dependency, transportation system costs, 
and traffic safety. 

EXTENT OF OWNERSHIP AND USE 

Bicycles are the predominant type of private vehicle in many 
Asian cities. Bicycle ownership in Asia is now more than 400 
million and growing rapidly. Bicycle ownership in China in
creased more than 50-fold between 1952 and 1985, to 170 
million, nearly half of which are in cities (1). Since then it 
has risen to 300 million and is anticipated to grow to 500 
million by 2000 (2). In many Chinese cities, bicycle ownership 
rates are one bicycle per household or more. In India there 
are roughly 25 times as many bicycles as motor vehicles, and 
urban bicycle ownership is growing at a fast pace. Table 1 
shows the number of nonmotorized vehicles in a number of 
Asian countries and cities. 

Most of the world's 3.3 million cycle-rickshaws and goods 
tricycles are· found in Asia. Despite recurrent efforts by some 
local authorities to suppress cycle-rickshaws in favor of mo-

. torized transportation, the number and use of these vehicles 
is growing in many cities in response to otherwise unmet 
transportation needs. The Indian Planning Commission in 
1979 estimated that the number of cycle-rickshaws in India 
would increase from 1.3 million in 1979 to 2.2 million by 2001. 
In Bangladesh the cycle-rickshaw fleet is estimated to grow 
from two-thirds of a million in 1988 to more than a million 
by 2000 (3). More than three-fourths of Bangladesh's cycle
rickshaws are in urban areas. These urban cycle-rickshaws 
each account for an average of more than 30,000 passenger
mi and nearly 100 ton-mi of goods movements a year. To
gether' bicycles, rickshaws, bullock carts, and country boats 
account for about 75 percent of the value added, 80 percent 
of the employment, and 40 percent of vehicle assets employed 
in the transportation sector. On secondary roads, nonmotor
ized transportation vehicles make up about 85 percent of traffic 
(4,p.16). 

The substantial variability iri nonmotorized vehicle use in 
Asian cities is due to many factors, including topography, 



TABLEl Vehicles in Selected Cities and Counties (2;3,p.69;6;7,p.31;19-23) 

City Year Bicycles Cycle- Motor Popula- Bicycles Motor 
(XlOOO) Rick- Vehicles ti on per 1000 Vehicles 

shaws (XlOOO) Residents per 1000 
(XlOOO) Residents 

China 1988 300,000 500 1,200 1,104,000 272 
Beijing 1982 3,773 na na 9,231 410 na 
Tianjin 1982 3,228 na na 7,764 420 na 
Tianjin 1987 4,500 na na 8,500 530 na 
Shanghai 1980 1,700 na 80 na 152 7 
Shanghai 1982 2,243 na na 11,860 200 na 
Shanghai 1988 5,600 na 200 12,400 445 12 

India 1985 45,000 1,700 1,500 765,000 59 2 
Bangalore 1981 322 na na 2,900 111 38 
Bombay 1981 984 na na 8,200 120 11 
Delhi 1981 945 7 na 5,800 163 54 
Hyderabad 1979 800 14 na 2,200 360 na 
Jaipur 1979 150 9 na 900 180 na 
Madras 1979 272 6 na 4,000 68 16 

Indonesia 1985 na 200 na na 100 na 
Jakarta 1985 na 65 na na 35 
Se rang 1983 10 na 3 112 89 29* 

Tasikmalaya 1983 16 na 17 159 101 106* 
Cirebon 1983 10 na 4 275 35 18* 
Surabaya 1976 200 42 144 2,300 na na 
Yogyakarta 1975 44 6 34 400 na na 

Bangladesh 1982 1,500 633 250 na na na 
South Korea 1982 6,000 na na 39,000 154 na 
Thailand 1982 2,500 15 400 49,000 51 53 
Thailand 1988 na na 6,300 na na 116 
Malaysia 1982 2,500 na 900 14,000 179 64 

Japan 1988 1,500 na 250 na na na 
Netherlands 1985 11,000 na 4,900 14,000 786 350 
United States 1988 103,000 na 139,000 245,000 420 567 

• includes motorcycles and cars only. Otherwise includes all motor vehicles. 

TABLE 2 Percentage of Person Trips by Various Travel Modes (14;24,p.4;25,p.2;26,p.2) 

City Year Walk Bicycle Bus & Motor- Auto- Other Total 
&NMV rail 2cle mobile 

Kanpur, India 1977 72 24 0 3 1 0 100 

Tianjin, China 1987 50 41 9 0 0 0 100 

Shenyang, China 1984 10 65 25 0 0 0 100 

Shanghai, China 1986 38 33 26 3 100 

Kathmandu, Nepal 1987 56 8 16 6 100 

Ahmedabad, India 1981 43 20 29 6 1 100 

Bangalore, India 1984 44 12 36 6 2 0 100 

Bandung, Indonesia 1976 40 16 100 

Surabaya, Indonesia 1984 20 25 13 26 9 7 100 

Delhi, India 1981 29 18 40 100 

Tokyo, Japan 1988 28 •• 27 0 100 

Okayama, Japan 1982 23 30 7 •• 39 100 

Matsuy.ama, Japan 1982 27 23 12 •• 34 4 100 

Jakarta, Indonesia 1984 23 17 25 13 8 14 100 

Bombay, India 1981 15 11 58 1 8 7 100 

Melbourne, Australia 1979 19 2 13 64 2 100 

Notes: •• small amount included with bike/NMV category; .. data not available or included in other 
categories. 
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income, metropolitan structure, level of motorization, cli
mate, and transportation policies. Table 2 shows the variation 
in mode shares for selected cities in Asia. In Indian cities 
bicycles typically account for 10 to 30 percent of all person 
trips (including walking) and for 30 to 50 percent of the traffic 
on primary urban roads. Walking and cycling account for 60 
percent of total trips and 40 percent of work-related trips in 
Karachi, Pakistan. Bicycles have largely replaced buses as the 
principal means of urban vehicular transportation in Tianjin, 
an experience repeated in other cities. 

Cycle-rickshaws account for 10 to 20 percent of urban freight 
movement in many Asian cities. Of all land transportation in 
Bangladesh, nonmotorized vehicles produced 60 percent of 
all passenger miles and 36 percent of freight ton miles in 1985 
(5 ,p.46). Annually, each urban cycle-rickshaw accounted for 
32,810 passenger-mi and carried 94 ton-mi of goods (4). 

A large portion of cycle-rickshaw trips are of a nature not 
readily replaced by overcrowded buses. Surveys on several 
main roads in Dhaka, Bangladesh, found that 22 percent of 
cycle-rickshaws were carrying goods and nearly as many were 
carrying passengers with small children. Nearly one-third of 
all cycle-rickshaws carried female passengers, and nearly one
fifth carried females alone. Many of the remaining trips were 
made by males traveling as passengers without goods, often 
for short-distance trips on irregular routes (3). 

In many Indonesian cities, becaks (cycle-rickshaws or ped
icabs) play an even greater role in urban mobility than the 
bicycle. In Bandung, cycle-rickshaws accounted for 12 percent 
of all work trips and an even higher share of nonwork trips 
in 1985, whereas bicycles accounted for about 6 percent of 
trips (6). In Jakarta, where the government is forcefully sup
pressing becaks through banning and confiscation, these ve
hicles accounted for 4.6 percent of all trips in 1985; bicycles 
held only a 2.4 percent mode share. 

RELATIONSHIP OF INCOME TO BICYCLE USE 

Income plays a significant role in influencing the choice of 
transportation that people have. People with low incomes face 
extremely limited choices. Where there is extensive poverty, 
it is vital to ensure that the modes used -by the poor continue 
to remain available as travel options. Despite rising incomes 
in many cities across Asia, the distribution of wealth and 
income remains skewed in much of the region. Rapid urban
ization and economic growth throughout much of Asia has 
left behind hundreds of millions of people who continue to 
live in desperate poverty. Indeed, two-thirds of the poorest 
of the world's poor live in India, Bangladesh, Pakistan, and 
China. 

Many low-income people in Asian cities cannot afford even 
subsidized public transportation fares and have no choice but 
to walk or cycle, even for 10 to 20 km. For most poor house
holds, walking accounts for the majority of all trips. When 
incomes are low, the value of time relative to cost for travelers 
is low as well. Although walking costs nothing, it takes much 
time for all but short trips. Cycling can be four or five times 
faster than public transportation, and it is cheaper once a 
bicycle is in hand. When a bicycle that will last years costs 
the equivalent of 6 or 8 months of bus fare, a poor person 
profits in having and using one. Thus, for the poor in Asia, 
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increases in personal mobility are most commonly expressed 
in expanded use of bicycles. Increased mobility for goods 
movement and the transportation of children and families is 
often expressed in greater use of cycle-rickshaws, where they 
are available, or public transportation, where it is available. · 

Low-income households must spen.d a higher share of their 
income on transportation than higher-income households. The 
poor often must live far from their jobs to find cheap housing, 
they often hold several part-time jobs, and, because their 
income is so small, a single bus fare represents a larger share 
of their earnings than it does to others. The poor in general 
make fewer trips than higher-income people and engage in 
little discretionary travel. Irrespective of city size, the poor 
will continue for now to be dependent on nonmotorized trans
portation modes for mobility in Asian cities. 

However, ~t is not only the poor who use bicycles. The 
travel time and convenience offered by the bicycle attracts 
people of all income levels to bicycles in many cities, partic
ularly those in which measures have been taken to facilitate 
cycling. As traffic congestion in Asian cities increases, the 
reliability of public transportation schedules and the average 
travel speeds both decrease, making bicycles competitive at 
longer trip lengths because of their flexibility, convenience, 
and greater reliability. 

EMPLOYMENT GENERATION BY 
NONMOTORIZED VEHICLES 

The manufacturing, servicing, and repairing of nonmotorized 
vehicles generates substantial employment in Asia. Nonmo
torized vehicles also form the foundation for a large informal 
sector providing goods or services on the street or transporting 
people and goods on a for-hire basis. In Dhaka, Bangladesh, 
for example, about 380,000 people are directly employed as 
cycle-rickshaw pullers, and another 80,000 are employed in 
ancillary .services related to cycle-rickshaws. In all of Bangla
desh, cycle-rickshaws in 1988 were estimated to provide em
ployment for more than 1 million people and ancillary em
ployment to another 250,000, representing about 3.5 percent 
of the nation's labor force (7). 

An investment of 100,000 rupees ($8,000 in 1984 U.S. dol
lars, $5,000 in 1991 U.S. dollars) in a conventional bus system 
in Patna, India, was estimated to produce two new direct jobs. 
If that sum was invested in the motorized auto-rickshaw sys
tem, it was estimated to create six direct jobs; if invested in 
cycle-rickshaw transportation, it was estimated to create 75 
jobs (7). 

Promoting the nonmotorized transportation sector can 
stimulate employment growth and microenterprise develop
ment, especially in low-income cities, particularly benefiting 
the poor. Where cycle-rickshaws are suppressed by regula
tion, taxes, licensing requirements, bans, and even confis
cation, many low-income people lose their livelihoods. 

Most developing countries depend heavily on imported oil. 
More than half of low- and lower-middle-income countries 
import more than 90 percent of their commercial energy, with 
most of these imports in the form of petroleum ( 8). Low
income developing countries (excluding China) spent an av
erage of 33 percent of their merchandise export earnings in 
1985 on energy imports; many spent more tha_n half (9,10). 
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In non-oil-exporting Asian cities, consumer expenditures on 
motorized private and public transportation usually require 
more foreign exchange and less local labor than expenditures 
for alternative nonmotorized modes. Thus, a shift from non
motorized to motorized modes may have significant impacts 
on regional economies and foreign exchange requirements. 

NONMOTORIZED VEHICLE FACILITIES 

In many low-income Asian cities in which nonmotorized ve
hicles predominate, there has been little need to create a 
separate cycle network because large numbers of nonmotor
ized vehicles define their own legitimacy to right-of-way. 
However, as motorization increases, or as traffic congestion 
worsens, it becomes more important to develop modal sep
aration in corridors of high traffic flow. This is particularly 
vital in mixed-traffic cities in which nonmotorized vehicle use 
is declining because of competition from growing motorized 
traffic. Motorized modes are heavier, faster, and often higher 
in social status than nonmotorized vehicles. When street space 
is scarce, nonmotorized vehicles are vulnerable to displace
ment from mixed-traffic streets unless they are present in 
sufficient numbers to assert an almost continuous claim to 
their share of road space. A key function of bicycle or non
motorized vehicle facilities is to protect the legitimacy and 
safety of nonmotorized vehicles in the transportation system 
where they would otherwise be threatened by motorized traffic. 
Isolated bikeways and fragmented segments of bicycle paths 
cannot be expected to overcome the problems that urban 
cyclists face. Comprehensive networks of bicycle-safe roads 
and paths are needed to attract less-skilled cyclists to use 
the bicycle for a significant share of their short daily trips in 
motor vehicle-dependent cities and to avoid the diversion of 
cyclists to motorized modes in mixed-traffic and nonmoto
rized transportation-dependent cities. 

Important factors to be considered in nonmotorized vehicle 
facility planning include continuity, facility standard and· func
tion, degree of separation of modes, anticipated traffic flows 
by mode, and available rights-of-way. The concept of network 
functional hierarchy used in classifying highways and evalu
ating their spacing is equally useful in planning and designing 
cycle networks. Conditions for cyclists and other slow traffic 
can be optimized if nonmotorized vehicles have available a 
fine-grained network of collector facilities (often shared with 
pedestrians and slow motorized traffic); a coarser network of 
primarily slow traffic facilities, some shared with pedestrians 
and slow motorized traffic and many reserved for exclusive 
nonmotorized vehicle use; and a coarse network of exclusive 
regional facilities designated for nonmotorized vehicles (11). 

Although the spacing of networks must be adjusted for city 
patterns and densities, this network concept has been used 
successfully in a number of highly motorized cities, mostly in 
Europe, to arrest and often reverse the decline of nonmo
torized vehicle use during times of rapid motorization. Many 
cities in the Netherlands, Denmark, and Germany have de
veloped effective cycle networks: Delft, the Netherlands; Co
penhagen, Denmark; Malmo, Sweden; and Hannover, Ger
many, clearly stand out as successful examples (12). Several 
cities in developing countries are noteworthy for their cycle 
networks, including Curitiba, Brazil, and Tianjin, China. Pune, 
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India, has been working to develop an extensive cycle network 
for a number of years. 

In many nonmotorized vehicle-dependent cities, bicycle 
networks can best be preserved by keeping cars and motor
cycles out of many existing streets in neighborhoods. Creation 
of environmental districts-areas in which motor vehicles are 
restricted and traffic is calmed-can be a most effective strat
egy for supporting the use of nonmotorized vehicles, walking, 
and public transportation. Such districts are increasingly com
mon in many affluent cities in Europe and Japan. In some 
cities extensive alley systems offer opportunities for creating 
nonmotorized vehicle networks while improving traffic man
agement, as in a World Bank project in Shanghai, China. 

Officially dedicated nonmotorized vehicle facilities are 
common in Chinese and Japanese cities but not found widely 
elsewhere in Asia. Instead, where nonmotorized vehicles make 
up a major portion of traffic flows, they frequently define 
nonmotorized vehicle "lanes" through their physical presence 
in large numbers. However, especially where nonmotorized 
vehicle lanes are not well defined by physical separation, the 
extensive mixing of nonmotorized and motorized traffic often 
fosters poor traffic discipline among all modes, which exac
erbates traffic congestion and safety problems. 

CAPACITY OF NONMOTORIZED VEHICLE 
FACILITIES 

The rapid growth of bicycle traffic in Chinese cities in the 
1980s has led to serious traffic congestion problems in many 
cities. Peak-hour flows at many main intersections in Beijing 
and Tianjin exceed 15,000, with 29,000 per peak hour ob
served at one main junction in Beijing. As a result, interest 
in assessing the capacity of bicycle facilities has been a serious 
matter for Chinese planners. In China, the practical saturation 
capacity of separated bike tracks has been estimated at 0.5 
bicycle per second per meter width, or 1,800 bicycles per hour 
per meter width. Cycle-rickshaws typically require 1.5 to 3.0 
times the capacity of a single bicycle, depending on size 
and weight (13). Mixed-traffic streets typical of Beijing, 
China, show a saturation capacity of about 0.37 bicycle per 
second per meter width, or 1,330 bicycles per hour per 
meter width ( 13). 

ALLOCATION OF ROAD SPACE- BETWEEN 
MOTORIZED AND NONMOTORIZED VEHICLES 

The capacity of different types of rights-of-way to move peo
ple at different speeds in different modal mixes is an important . 
consideration in analyzing travel management strategies. Proper 
analysis of transportation modal efficiency must differentiate 
on the basis of trip length, cost, and function. 

For a given amount of road or corridor space, the most 
efficient modes of t1ansportation are generally rail or bus 
operating on their own dedicated rights-of-way. The least 
efficient use of road space is low-occupancy automobiles. Bi
cycles fall in between this range, with road space use ap
proaching that of buses in mixed traffic (14). Motorcycles, 
scooters, and other two-wheeled motorized vehicles fall be
tween automobiles and bicycles in their road space utilization 
(15). All of these estimates are subject to a great deal of 
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variation in the real world, depending on vehicle occupancy, 
level of traffic congestion and traffic mix, topography, fre
quency of public transportation stops and other details of 
public transportation operations, quality of track or road sur
face, and other factors. 

The function of modes and distribution of trip lengths that 
must be accommodated within travel corridors is an important 
consideration in evaluating the ways in which scarce road 
space should be most efficiently allocated. If a large share of 
traffic is of short to moderate trip length, rail modes are not 
likely to be cost-effective or practical for these trips. If a large 
share of traffic is of long trip length, bicycles and walking are 
not likely to be the most efficient or practical modes. If re
sources are unavailable to provide bus transportation suffi
cient to meet demand, bicycles may be more efficient than 
an overburdened public transportation system, even for longer 
trips. In most travel corridors, demand is in fact composed 
of a spectrum of trip lengths, meaning that a complementary 
combination of modes should be accommodated to meet the 
needs of diverse travel markets, recognizing limitations on 
road space, affordability of transportation modes in the com
munity, and the required speed and distance· of trips made in 
the corridor. Where road space is most scarce, traffic man
agement should be the first step in dealing with traffic conges
tion problems. This can include restricting turns at intersec
tions, introducing one-way street systems, improving traffic 
signalization, and managing encroachments on transportation 
rights-of-way. These steps can all affect the relative efficiency 
of different modes in using road space. 

The segregation of different modes of transportation can 
result in far greater system efficiency. If street space is in
sufficient to accommodate dema~d even with separation, it 
is often useful to dedicate different streets to different modes 
and to impose or expand restrictions or costs for private au
tomobiles, the most inefficient mode. Even in cities in which 
streets are generally congested, it is often possible to find 
underused street space, such as the use of alleys in Shanghai 
to provide right-of-way for a dedicated bicycle network. Sim
ilar opportunities exist in other cities, such as Bangkok. If 
space cannot be found, nonmotorized vehicles and public 
transportation should be favored in allocating street space .. 

The design of transportation facilities can greatly affect 
traffic safety. Segregating slow from fast traffic and designing 
intersections to maintain good sight distances, to reduce turn
ing conflicts, and to channelize traffic to enhance predicta
bility of flows can all reduce safety problems while improving 
operational performance. Poorly designed and improperly 
maintained separate cycle facilities can increase safety prob
lems, particularly if many intersections or driveways cross the 
cycle paths and sight distances are poor. In some countries, 
design standards from highly motorized countries have been 
used with insufficient tailoring to local traffic conditions and 
economic realities. This has often led to unsafe designs that 
threaten nonmotorized travel. 

INTEGRATION OF BICYCLES WITH PUBLIC 
TRANSPORTATION 

Bicycles used in combination with public transportation offer 
a strong potential competitor to private motorized transpor
tation for many types of trips. To reduce long-distance bicycle 
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commuting and free congested road space, the Chinese have 
been establishing bicycle-subway and bicycle-bus exchange 
hubs in Beijing and other cities. Bicycle access to railways is 
also important in India, where many hundreds of bicycles can 
be seen parked at some stations. 

Bicycle access expands the market area of high-speed pub
lic transportation services at low cost. This is one of the 
most valuable potential functions of nonmotorized vehicles 
in megacities, where average trip lengths are long. Integration 
of bicycles with public transportation is also an important 
strategy for sustaining nonmotorized ~nd public transporta
tion mode shares in rapidly motorizing cities with mixed-traffic 
systems, for reintegrating nonmotorized vehicles into ·motor 
vehicle-dependent cities, and for dealing with network ca
pacity saturation in nonmotorized vehicle-dependent cities. 

In Western Europe and Japan today, the fastest-growing 
and predominant access mode to suburban railways is the 
bicycle; it accounts for one-fourth to one-half of access trips 
to stations (16). Between 1975 and 1981 the number of bi- . 
cycles parked at Japanese rail stations quadrupled to 1.25 
million. By the end of the 1980s nearly 3 million bicycles were 
used daily to access suburban railway stations in Japan. Use 
is heaviest in the lower-density suburban fringe areas of large 
cities, in which 15 to 45 percent of rail station access is by 
bicycle. Japanese and European transportation policy and 
investment has encouraged bike-and-ride system develop
ment with secure parking at station entrances and safe access 
routes. In Japan more than 2 million bicycle parking spaces 
have been built at rail stations since the mid-1970s, including 
automated multistory structures (17,18). 

Bike-and-ride strategies offer opportunities for increased 
public transportation system efficiency when factored into 
public transportation network and operations design. With 
expanded station catchment areas, interstation spacing can 
be greater, creating higher line-haul public transportation speeds 
and efficiency in equipment use, with a level of service com
parable to that obtained with denser station spacing relying 
on pedestrian access. In the long-run, increased interstation 
and interline spacing may permit public transportation net
works to concentrate more frequent service on fewer lines for 
the same size vehicle fleet, reducing average waiting time for 
public transportation services and increasing efficiency in use 
of rights-of-way. This is particularly important in megacities, 
in which average trip lengths are long and resources for ex
press public transportation service provision are insufficient 
to meet demand. By reducing average point-to-point travel 
time throughout metropolitan areas, bike-and-ride systems 
can improve the competitiveness of public transportation with 
private motorized transportation. In cities in which public 
transportation services are inadequate to meet demand, it may 
be productive to shift some less-efficient short-distance public 
transportation trips to nonmotorized vehicles, allowing the 
concentration of public transportation resources on longer ' 
trips, with bike-and-ride access systems expanding market 
catchment areas. 

REGULATIONS AND POLICIES INFLUENCING 
NONMOTORIZED VEHICLE USE 

Regulations and policies, including taxes and import duties, 
fuel taxes, vehicle registration and licensing fees, and credit 
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financing systems for vehicle purchase, have a major influence 
on the cost and availability of various transportation modes. 
Frequently, regulations and policies have been used to dis
courage or suppress the use of nonmotorized vehicles, es
pecially cycle-rickshaws, while fostering motorization. 

Import duties frequently favor motorized transportation. 
Bangladesh, for example, has discouraged the import of bi
cycles and their parts to protect local bicycle manufacturers 
while offering concessions to affluent buyers of private mqtor 
vehicles. In 1989 Bangladesh taxed imported bicycles and 
inost bicycle parts at 150 to 170 percent, whereas motor ve
hicles faced tariffs of only 5 to 50 percent. Although such 
taxes are intended to protect domestic bicycle producers, two
thirds of the bicycle parts needed in Bangladesh must be 
imported, which significantly raises the costs of owning and 
operating bicycles and cycle-rickshaws (3). Such stiff protec
tionist policies aimed at aiding domestic nonmotorized vehicle 
producers impose a high cost on cyclists and cycle-rickshaw 
users while often failing to create viable industries. When 
combined with low taxes on motor vehicle imports, such pol
icies foster economically inefficient choices. 

Vehicle licensing is commonly used to raise revenue, ensure 
vehicle safety, and regulate vehicle use. In many cities, how
ever, it has been used to suppress cycle-rickshaws and other 
informal sector public transportation services, such as jeep
nies, jitneys, motorized auto:-rickshaws, and pirate taxis. In 
Karachi cycle-rickshaws were banned in 1960 and replaced 
by auto-rickshaws, which in turn were subjected to restrictions 
on new registrations from 1986 onward. In Manila, Philip
pines, the motorized tricycles that replaced cycle-rickshaws 
in .the 1950s were later banned from main roads and now 
operate mostly on smaller roads as feeder services (3). Only 
in Singapore have restrictions been placed on private motor 
vehicle registrations, beginning in 1990, although such vehi
cles are the least efficient users of road space in Asian cities. 
In several cities in India, Indonesia, and Bangladesh, restric
tions have been placed on the number of cycle-rickshaw reg
istrations that will be permitted, often freezing registrations 
at a fixed level for many years. Restricting licenses creates a 
lucrative black market in duplicate or falsified licenses. It also 
makes cycle-rickshaw drivers and owners vulnerable to ex
tortion and abuse from local police, who can threaten to seize 
their vehicles and cause the loss of, at a minimum, a full day's 
pay or, at worst, their livelihood. Indeed, Jakarta authorities 
have seized some 100,000 cycle-rickshaws in the past 5 years, 
dumping at least 35 ,000 into Jakarta Bay, as they seek to 
eliminate these vehicles from the city. Thousands more cycle
rickshaws were seized and destroyed in Delhi in the late 
1980s. 

Many cities have imposed constraints on nonmotorized modes 
of travel, particularly cycle-rickshaws, claiming that they cause 
congestion or unfairly exploit human labor, or that they repre
sent backwardness. But these officials overlook far more de
graded labor conditions that are hidden behind factory gates 
and in garbage dumps. The suppression of cycle-rickshaws is 
comparable to the removal of slums and squatter settlements: 
just as slum clearances destroy real housing resources for the 
poor, cycle-rickshaw bans eliminate real transportation re
sources for the poor, hurting hundreds of thousands of people 
who frequently lack the political power to defend their mo
bility systems and jobs. 

CONDITIONS UNDER WHICH NONMOTORIZED 
VEHICLES SHOULD BE ENCOURAGED 
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Nonmotorized modes are the most efficient means of mobility 
over short distances in cities, and motorized modes offer greater 
efficiency for longer trips. The distance at which motorized 
modes become more efficient than nonmotorized modes for 
consumers depends on income levels, the value of time, and 
the price and speed of various tra_nsportation modes. For 
societies as a whole, it depends as well on how environmental 
costs, social costs, and other externalities related to trans
portation are assessed. Determining the most efficient modal 
mix for a city also requires consideration of constraints on 
street space, patterns of land use, existing investments in 
transportation vehicles and infrastructure, and funds available 
for new investment and transportation operations. It should 
also take into account current and anticipated problems in 
the overall transportation and land use system, such as traffic 
congestion, air pollution, economic impacts of growing pe
troleum use, access of housing to employment, motorization 
trends, and goals for poverty alleviation. Given the wide var
iation in these factors, urban nonmotorized transportation 
strategies must be tailored for different types of cities. The 
integration of urban development and transportation pianning 
and policy is vital to expanding opportunities for nonmotor
ized transportation. 

Bicycles should be encouraged as the most efficient trans
portation mode for short trips in cities of all types and income 
levels, particularly for trips too long for walking and too short 
for express public transportation services, particularly where 
travel demand density or economics do not permit high
frequency public transportation services. Bicycles are most · 
important for personal transportation, but they also accom
modate light goods hauling, being capable of carrying loads 
of 100 to 180 kg. Bicycles should be considered an integral 
part of urban transportation planning and management for 
cities across the world, just like public transportation, private 
motorized transportation, and walking. In smaller cities, bi
cycles should have a primary role on their own for work, 
shopping, and other travel. In larger cities, where trips are 
longer, bicycles should be seen as most important in providing 
access to efficient public transportation services for work trips 
and in serving some short-distance shopping and other trips. 
The integration of bicycles with public transportation can fa
cilitate efficient polycentric metropolitan development pat
terns. By linking multiple urban centers by public transpor
tation on its own right-of-way and expanding the service areas 
of public transportation stations with bicycle access, such 
strategies can favor the evolution of megacities into more 
manageable constellations of small cities. 

The primary market for efficient bicycle use is generally 
from 600 to 800 m to distances of 5 to 7 km. The utility of 
bicycles is reduced, but not entirely eliminated, in cities with 
many hills or steep topography, where they may still serve a 
role, especially following waterways. Bicycles should be en
couraged as a key element in access and egress to and from 
public transportation, particularly for intrametropolitan ex
press services in large cities of all types. The catchment area 
for convenient and efficient access to rail or bus stops and 
stations can be enlarged by a factor of 20 to 40 by encouraging 
bicycle-based access systems. Bike-and-ride strategies offer an 
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important means for improving public transportation system 
efficiency, performance, and use. In large, low-income cities 
in which public transportation services are insufficient to meet 
demand, and in low-income areas of more affluent cities, 
bicycle use should be encouraged as the most efficient mode 
for trips of up to 10 km, at least until p~blic transportation 
service provision can catch up with demand. The diversion of 
some public transportation travelers making trips shorter than 
several kilometers from buses to bicycles can permit a larger 
portion of public transportation vehicles to be concentrated 
on longer distance, limited stop, express services, where they 
can operate at higher efficiency. In nonmotorized vehicle
dependent cities in which public transportation is insufficient 
to meet demand, street space is saturated, and a large number 
of cyclists ride distances of more than 10 or 15 km, such as 
in some Chinese cities, express limited-stop public transpor
tation services should be upgraded· and long-distance cyclists 
should be encouraged to use bike-and-ride. The diversion of 
such cyclists to public transportation should be achieved not 

. by suppressing bicycle use or constricting street space for 
nonmotorized vehicles, but by improving public transporta
tion to provide more competitive travel time. When scarce 
street space in cities is allocated to different modes, less
efficient private automobiles should be restricted rather than 
bicycle traffic in setting aside added space for high-efficiency 
public transportation and pedestrians. 

In cities of all types, sizes, and income levels, bicycles should 
be encouraged as a means of reducing air and noise pollution, 
petroleum use, global warming, and traffic congestion, and 
as an important means of increasing the mobility of low
income people. By meeting a larger share of urban mobility 
needs using low-cost bicycle transportation, cities can reduce 
total transportation system costs or free resources for other 
unmet needs. 

Cycle-rickshaws are not as efficient as bicycles for personal 
transportation, but they should be encouraged to complement 
motorized goods transportation and to serve as a passenger 
paratransit mode, particularly in countries in which wages are 
low and there is substantial surplus labor. These vehicles are 
a major source of jobs; in some Asian cities they account for 
more than 10 percent of total employment. They provide 
many useful services to urban residents that cannot always be 
readily replaced by motorized modes, acting as a nonmotor
ized taxi, school bus, ambulance, delivery service, and small 
freight hauler in some cities. Cycle-rickshaws are quiet, do 
not pollute, use no petroleum, and can traverse very narrow 
streets~ Improvements should be encouraged in vehicle design 
and patterns of vehicle ownership and operation, however, 
to improve safety, vehicle performance, the quality of working 
conditions for cycle-rickshaw drivers. Where they are in use, 
they should be accepted as a useful part of the transportation 
system that fills market-expressed needs, not as a nuisance or 
a barrier to modernization. They are a thoroughly 20th cen
tury, efficient, and .sustainable mode of transportation, used 
even today in aerospace factories in North America. Even in 
high-income, motor vehicle-dependent cities, there are op
portunities to use cycle-rickshaws for moving people and goods 
for short distances and as the basis for microenterprises pro
viding goods and services at dispersed locations. There, they 
will find greatest utility where slow modes are allocated right-
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of-way separate from motorized traffic, in dense pedestrian
oriented neighborhoods or central areas with slow traffic speeds, 
in large factories and shopping districts, and in areas where 
private motor vehicles are restricted. 

Cycle-rickshaws should be separated from motorized traffic 
when possible, except in areas in which traffic speeds or motor 
vehicle volumes will remain low. On higher-speed roads, the 
speed differential and combined vehicle width of motor ve
hicles and cycle-rickshaws can produce unsafe conditions. 
Where traffic congestion is most serious in cities and there 
are large volumes of cycle-rickshaws, it may make sense to 
enhance bicycle or bus modes to gain greater efficiency in the 
use of street space. However, the wholesale banning of cycle
rickshaws from large areas of cities where they fill market 
needs is inadvisable on economic, environmental, and social 
grounds. 

KEY BARRIERS TO NONMOTORIZED VEHICLES 

The key barriers to nonmotorized vehicle use include the 
affordability of vehicles, street environments hostile to non
motorized vehicles, vehicle theft, negative social and govern
ment attitudes toward nonmotorized vehicles, and excessive 
and inappropriate regulation of nonmotorized vehicles. Ov
ercoming these barriers may require changes in transportation 
investment patterns, infrastructure design standards, street 
space allocation, credit and financing systems, regulatory pol
icy, public education, and marketing, depending on local cir
cumstances. Such changes should be part of much larger ef
forts to manage the modal mix of cities to favor greater efficiency 
of resource utilization in the transportation sector while en
hancing accessibility. However, few institutional structures 
focus on nonmotorized transportation and few data are col
lected on its attributes or problems. Many national and local 
transportation planning organizations are indifferent or hos
tile to npnmotorized transportation and focus solely on mo
torized transportation issues. Training and institutional re
form is needed to address these problems. Many of these 
factors can be changed only over several years, and some are 
difficult ·to control. However, actions by multi- and bilateral 
development finance organizations, governments at various 
levels, and nongovernmental organizations can influence the 
direction and nature of change in many of these factors. Such 
actions should be accomplished through development and im
plementation of a nonmotorized transportation strategy by 
such organizations and by individual countries and cities in 
Asia and elsewhere. 

FORMULATION OF NONMOTORIZED 
TRANSPORTATION STRATEGY 

A nonmotorized transportation strategy, whether for a city, 
county, a region, or an international development agency 
working in various contexts, should be developed to establish 
and support the appropriate use of nonmotorized vehicles to 
maximize transportation system efficiency, equity, and en
vironmental quality. Some elements described in the follow
ing are undertaken in transportation sector and project ap-
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praisal studies today, but many aspects related to nonmotorized 
vehicles are often neglected. 

Such a strategy should identify the extent, pattern, and current 
trends related to nonmotorized transportation availability and 
use, including variations based on income, cost, trip length, and 
other factors. It should assess the overall pattern of travel de
mand for different modes of transportation for low-, moderate-, 
and high-income groups to identify particular trip lengths where 
modal options are limited to inefficient transportation choices. 
A key focus should be on road safety problems, particularly 
those facing pedestrians and bicyclists. Road safety improve
ments offer the potential for widespread social and economic 
benefits in terms popular with all classes of society. 

An urban nonmotorized transportation strategy should 
identify key traffic congestion locations and gather data on 
the composition and attributes of traffic flows, their trip length 
distributions and patterns, and the extent of encroachment 
on the transportation rights-of-way by nontransportation ac
tivities and uses. This information should be used to identify 
opportunities for improved traffic management in congested 
locations, including separating or channelizing different modes 
within the right-of-way or on parallel routes to separate slow 
and fast traffic; improving intersection design and operation 
to reduce turning movement conflicts and delays; and using 
tum prohibitions, one-way systems, grade separations, traffic 
signalization, and grade-separated under- and overpasses where 
appropriate. It should consider restricting private motor ve
hicle traffic in congested areas by limiting peak-hour entry or 
by creating automobile-restricted areas, streets, or traffic cells 
that discourage short trips by private motor vehicles. It should 
consider pricing changes for public and private transportation 
to influence travel demand. Where poor traffic discipline or 
encroachments are problems, stepping up enforcement, pub
lic education, and advertising campaigns and providing low
cost off-street market areas should be considered. 

An urban nonmotorized transportation strategy should also 
identify and evaluate opportunities for shifting longer-distance 
trips made by private motorized and nonmotorized vehicles 
to bike-and-ride systems, with express public transportation 
operating on reserved rights-of-way. It should identify strat
egies for reducing average trip length in the long run through 
changes in land use patterns and the distribution of housing, 
markets and shops, and employment both in relationship to 
each other and to the public transportation system. It should 
identify appropriate networks for nonmotorized vehicle use 
to strengthen their utility for short to moderate-length trips 
within cities and evaluate the appropriateness of shifting long 
walking trips and short public transportation trips to non-
motorized vehicles. · 

Barriers to the nonmotorized vehicle manufacture and own
ership and strategies for overcoming these should be identified 
as part of strategy work. These may include nonmotorized 
vehicle-related trade barriers, local nonmotorized vehicle in
dustry structure and performance, affordability of non
motorized vehicles to the population, credit systems for non
motorized vehicle purchase, and licensing and registration 
requirements. Regulatory policies inhibiting nonmotorized 
vehicle use should be identified along with strategies for in
fluencing them, including changes in traffic regulations, park
ing policies, and licensing requirements. 
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CONCLUSIONS 

The transportation systems of many Asian cities are at a cross
roads. If they continue on their current path of rapid and 
uncontrolled motorization, they may face very high long-term 
economic and environmental costs with diminishing benefits. 
If they instead follow the models of China, Japan, and the 
Netherlands, they may be able to stabilize or increase the 
appropriate use of nonmotorized vehicles with large positive 
long-term economic and environmental consequences. 

Nonmotorized vehicles offer no panacea to growing prob
lems of traffic congestion, air pollution, energy use, global 
warming, and regional economic development, but they should 
be seen as a potentially important element in addressing these 
problems. As we enter the 21st century, nonmotorized ve
hicles, instead of decline, may play a growing role in urban 
transportation systems worldwide. 
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Nonmotorized Urban Transportation for 
Emerging Cities in India 

JIWAN D. GUPTA 

Urban transportation is a serious problem faced by the cities of 
developing countries such as India. Large metropolitan cities with 
more than 1 million in population are recording a rapid increase 
in population, urban area, and automobile ownership. The phe
nomenal growth has created intense congestion, because costs 
prohibit the provision of adequate transportation facilities. The 
costs of providing roads and other transportation infrastructure 
increase greatly with the increase in city size. In a recent census, 
the rate of rural urban migration to cities with populations be
tween 300,000 and 1 million and emerging cities with populations 
between 100,000 and 300,000 has been observed to be higher than 
the rate of rural urban migration to major metropolitan cities. 
At present, these emerging cities have few transportation prob
lems, and with proper land use transportation planning, a sus
tainable urban form can be provided. A nonmotorized transpor
tation system for the sustainable urban form for emerging cities 
is described. It compares the savings in fuel, air pollution, and 
modal splits for different city sizes in India with cities in the 
United States. Specific infrastructure improvements are sug
gested to support nonmotorized transportation. Finally,' a frame
work for sustainable urban form is introduced, and the planning 
requirements are described. 

Urban transportation is one of the biggest problems faced by 
the cities of developing countries such as India. Large cities 
in developing countries with more than 1 million in population 
are recording a rapid increase in population, urban area, and 
automobile ownership. This phenomenal growth has created 
intense congestion, because costs prohibit the provision of 
adequate transportation facilities. Gupta showed that the costs 
of providing roads and other transportation infrasfructure in
crease greatly with the increase in city size (1). 

India has an inadequate internal energy supply and depends 
on imported oil for its mobility. But India has few resources 
available to pay the bill for the oil. Environmental control 
regulations are practically nonexistent, so large cities face 
more environmental problems than cities of the developed 
world. Hanson found that for developing countries, the motor 
vehicle-dominated city is a nonsustainable urban form (2). 
He clearly demonstrated that emerging land use patterns in 
large cities of the developing countries have locked these cities 
into nonsustainable urban forms. 

URBANIZATION IN INDIA 

Before the 1961 census, there was no accepted definition for 
urban area. The 1961 census for the first time standardized 
the definition of an urban area (3). According to this defi-

Department of Civil Engineering, College of Engineering, University 
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TABLE 1 Number of Class 1 Cities by Population (4) 

Percent 
City Class City Size Number Increase 

1971 1981 over 1971 

Emerging Cities 100,000 - 300,000 104 147 40 

Medium Cities 300,000 - 1.000.000 35 57 63 

Major Metropolitan > 1,000,000 9 12 33 
Cities 

lUTAL 148 216 46 

nition, any urban area is a municipal corporation, a municipal 
area, a town/notified Area Committee, or a cantonment board. 
As per the definition, cities have been categorized in six groups 
on the basis of population, as shown in the following table: 

Class Population 

1 More than 100,000 
2 50,000 to 100,000 
3 20,000 to 50,000 
4 10,000 to 20,000 
5 5,000 to 10,000 
6 Less than 5,000 

The number of Class 1 cities in various population ranges 
as reported in the 1971 and 1981 censuses are given in Table 
1 ( 4). Table 1 also shows the classification of Class 1 cities 
into three categories. Cities with populations between 100,000 
and 300,000 are classified as emerging cities; cities with pop
ulation between 300,000 and 1,000,000 are classified as me
dium cities; and cities with more than 1 million population 
are classified as major metropolitan cities. The percentage of 
increase in the number of cities from 1971 to 1981 indicates 
that medium and emerging cities registered a greater per
centage increase than the major metropolitan cities with more 
than 1 million population. This indicates an accentuated shift 
in the rural-urban migration trend. 

PLANNING EFFORTS 

Over the past decades major efforts of planners for planning 
transportation activities in India were for such large metro
politan cities as Bombay, Calcutta, Delhi, Madras, and Ban
galore. The other medium-sized and emerging cities have not 
received any input in terms of a systematic effort for planning 
the land use transportation system. During recent years, be
cause of the serious problems in large cities, importance has 
been attached to these smaller urban areas to save them from 
chaos and environmental degradation. These cities are ideal 



86 

for planning nonmotorized transportation, because a very high 
percentage of person trips and goods trips are performed 
through nonmotorized transportation. 

Currently, the land use patterns and street configurations 
of the emerging cities are suitable for nonmotorized trans
portation. To promote nonmotorized transportation and to 
preserve the environment, these cities need strong transpor
tation policies from the federal and state governments. Proper 
land-use planning and land banking efforts may achieve non
motorized transportation in these emerging cities. The term 
"land use planning" is used to focus on achieving the built 
environment in keeping with the nonmotorized transportation 
policies. To control the unplanned urban form, the planning 
agencies should create land banking and allow urban devel
opment only according to the land use plan. A good example 
of land banking ,·,as developed by the Delhi administration 
in formulating its land use policies for the greater metropolitan 
city of Delhi (5). 

EMERGING CITIES 

Chapin and Kaiser showed the area required in the United 
States per 100,000 people is as follows: inside city limits, 
approximately 6,107 acres (24.71 km2); the total planning area 
is 45,171.31 acres (182.80 km2

) (6). Much less land area is 
required to support 100,000 people in India. Table 2 shows 
the land area requirement for various city sizes in India. Com
paring the developing land area inside city limits for U.S. 
cities with the developed land area inside cities of India shows 
that approximately 60 percent less land area is needed to 
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support 100,000 people in the emerging cities in India. It is 
obvious that cities in India have a large number of dwelling 
units per acre. Also, land devoted to streets and highways is 
only 12 percent as compared to 24.2 percent of developed 
areas for U.S. cities. 

TIME AND DISTANCE 

Mode of travel depends on many variables: cost and comfort, 
which are usually based on socioeconomic and life-cycle fac
tors; the value that a worker places on time; and the degree 
to which a worker is willing to make a specified journey to 
work by a particular mode. Khisty showed a general trans
portation concept in terms of time, distance, and speed (7). 
He indicated that when the time of travel is doubled, distance 
covered increases tenfold as mode of travel changes, and speed 
of travel increases fivefold. This is because every mode is 
competent and efficient over a certain distance. In developing 
countries, affordability is a key factor in selecting a mode of 
travel. Thus city size, urban land area, and affordability dic
tate the predominant mode of travel. 

Critical review of Table 2 suggests thaUhe major percent
age of trips can be performed through nonmotorized trans
portation up to 2.5 km. Bouladon has demonstrated that the 
spectrum of transportation modes can be divided into roughly 
five areas ( 8). When demand for transportation (vertical axis) 
is plotted against the speed, time, or distance measure (hor
izontal axis), the transportation range is well covered by the 
modes: walk, bike, bus, car, and aircraft. 

Table 3 shows the application of the Bouladon concept to 
five city sizes in India. Trip length and trip time dictate the 

TABLE 2 Developed Land Area and Transportation Elements for Various City Sizes in 
India (9,10) 

City Size Developed L11nd Area Under Arn Under. Main Road Mun trip 
(popu la tlon) Area Street Main Road Length Length 

(sq. kms.) (sq. kms.) (sq. kms.) (kms.) (kms.) 

48,000 3.84 0.46 0.23 1.15 1.0 

132,000 10.56 1.27 0.63 3.15 1.5 

212,000 16.96 2.04 1.02 5.10 2.5 

323,000 25.84 3.10 1.55 7.15 3.5 

1,070.000 85.60 10.27 5.13 20.52 5.0 

TABLE 3 Theoretical Travel Mode, Speed, and Travel Time by City Size (8) 

City Size Me11n Trip Length Mode 
(kms) 

or Travel Speed 
(km/h) 

Time 
(min) 

48,000 1.0 walk/bike 5/11.0 12/5.5 

132,000 l.S walk/bike 5/11.0 18/8.2 

212,000 2.5 walk/bike 5/11.0 30/13.8 

323,000 3.5 bike/bus 11.0/17.5 19/12 

1,070,000 5.0 bike/bus 11.0/17.5 29.3/17.2 
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TABLE 4 Nonrnotorized and Motorized Modal Split by City Size in India (12) 

NON-MOTORIZED 

City-Size Walk Bike 

48,000 75 25 

132,000 59 40 

212,000 45 so 

323,000 40 45 

1,070,000 20 36 

mode of travel. One can draw a line between the nonmotor
ized and motorized travel to a trip length of 2.5 km and travel 
time of 30 min walking or 13.8 min biking. Any trip in excess 
of 2.5 km will require some sort of motorized transportation. 
Thus, a suitable urban form for emerging cities around a 
nonmotorized transportation system for a mean trip length of 
2.5 km can easily be developed. 

Table 4 shows that the best estimates of a work trip modal 
splits in terms of nonmotorized and motorized percentage of 
trips for the five city sizes in India. It shows that the percentage 
of nonmotorized transportation trips decreases with the in
creased city size. In a city with a population of 48,000 or less, 
almost all intracity work trips are accomplished by walking 
or bicycling; an insignificant percentage of trips are taken by 
motorized transportation. For emerging cities, 85 percent of 
intracity trips are made by walking or bicycling, and only 15 
percent are made by motorized transportation. 

ENERGY AND ENVIRONMENT 

Energy and the environment are critical issues in urban cen
ters of developing countries. A series of models is developed 
to calculate the fuel consumption and air pollutants. FHWA 
provides a procedure to estimate fuel consumption and· air 
pollution (11). The rates of air pollution given in the proce
dures are for the prevailing transportation system in the United 
States. In the absence of the rates for Indian conditions, these 
rates have been used in this study to show the amount of 
pollutants by city size. The models developed are 

MWT = MTPL * LF (1) 

(MPT); = MWT * P; * OC; (2) 

GLy = 250 2: (MPT); * (PKL)i (3) 
j 

CO = 250 2: (MPT); * (Rco); (4) 
j 

HC = 250 2: (MPT); * (Rttc); (5) 

NOx = 250 2: (MPT); * (RNoJ; (6) 

MOTORIZED 

Public Private Hired 

negligible 

1 

3 2 

8 4 3 

20 14 10 

where 

MWT = length of motorized work trips, 
MTPL = mean trip length, 

LF = labor force, 
(MPT); = motorized trips by mode i (km), 

P; = percentage of trips by mode i, 
OC; = vehicle occupancy for mode i, 
GLy = gasoline consumption (L/year), 

(PKL); = kilometers per liter for mode i, 
CO = carbon monoxide emission (kg/year), 
HC = hydrocarbon emission (kg/year), 

NOx = nitrogen oxide emission (kg/year), 
(Rco); = rate of CO emission for mode i (kgll ,000 veh

km), 
(RHc); = rate of HC emission for mode i (kgll,000 veh

km), and 
(RNox); = rate of NOx emission for mode i (kg/1,000 veh

km). 

Because of the paucity of data, many assumptions were 
made for automobile occupancy and fuel consumption rates 
for various modes as shown in Table 5. Table 6 provides an 
estimation of fuel consumption, and emissions of carbon mon
oxide, hydrocarbons, and nitrogen oxides by city size. Thus, 
the figures shown in Table 6 are only for comparison among 
city sizes. It shows that the rate of fuel consumption and air 
pollutants per 1,000 population increases exponentially with 
city size. In an emerging city with a population of 212,000, 

TABLE 5 Assumed Automobile Occupancy and Fuel 
Consumption Rates for Various Modes in India 

MODE AUTO OCCUPANCY FUEL CONSUMPTION 
( person/ veb I cl e) RATE 

(km/liter) 

Passenger Car 2 10 

Scooter 1.4 40 

Auto Rickshaw 
(scooter base) 2 25 

Tempo 
(motorcycle base) 8 10 

Bus 45 4 
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TABLE 6 Yearly Fuel Consumption and Emissions of Carbon Monoxide, Hydrocarbons, 
and Nitrogen Oxides by City Size in India 

CITY SIZE FUEL CONSUMPTION CARBON MONOXIDE HYDROCARBONS NITROGEN OXIDES 

Liters Ut,000 kg population 

48,000 negligible 

132,000 6,000 45.5 780 

212,000 76,500 360.9 15,900 

323,000 359,000 1111.5 87 ,660 

1,070,000 5,485,000 5,126.2 1,722,447 

TABLE 7 Daily and Yearly Fuel Consumption Rates 
for Work Trips in Comparable Sizes of City in United 
States 

Fuel Consumption (liters) 

City Size Ut,000 Population Ut ,000 Population 

48,000 31,267 162,857 

132,000 139,840 264,848 

212,000 263,394 310,608 

323,000 467,772 362,055 

1,070,000 2,255,274 526,933 

the yearly fuel consumption rate for work trips is 361 L/1,000 
population. This rate is increased by three times, to l,lli LI 
1,000 population, when the city size increased to 323,000 and 
by 14 times when the population increased to more than 1 
million. The same is true for the various air pollutants. The 
data clearly demonstrate that the developing countries should 
develop a policy to control the city size to 300,000 population 
in order to limit the rate of fuel consumption and pollutant 
emissions. 
. The daily fuel consumption and yearly fuel consumption 
rates for work trips in a city of comparable size in the United 
States are shown in Table 7. This table is developed by con
sidering mean trip length of work trips for various city size 
and the combined average fuel efficiency rates for automo
biles of 6.5 km/L. A comparison between Tables 6 and 7 shows 
that in the United States the fuel consumption for work trips 
is 100 to 4,000 times higher than in cities in India. This clearly 
demonstrates that developing countries such as India cannot 
economically sustain large fuel consumption. 

NONMOTORIZED TRANSPORTATION 
FACILITIES 

Pedestrian Facilities 

Even in cities with populations over 1 million, walking or 
walking-bicycling trips may constitute as much as 40 percent 
of daily work trips and 60 to 70 percent of all daily person 

kg/t,000 kg kg/1,000 kg kg/t,000 
population population population 

5.9 80 0.61 65 0.49 

75.0 1,350 6.37 700 3.30 

271.4 7,550 23.37 3,410 10.56 

1609.8 149,685 139.89 43,985 41.11 

trips (11,13). Improvements in pedestrian movement conserve 
fuel and reduce pollutants in the environment. Facilities for 
pedestrian movement can be achieved at a minimal capital 
cost as compared to facilities for vehicular traffic. 

Emerging cities are ideal for the development of pedestrian 
facilities. These cities are growing from rural to urban form, 
and with the institution of comprehensive land use planning 
it is possible to arrange land use _to keep many trip lengths 
short enough for walking and safe pedestrian movement. 
However, legal and institutional changes are needed in India 
to keep these facilities free from encroachments, construction 
debris, animals, and such. 

The benefits of walking relative to other modes are nu
merous: 

•The capital cost of vehicles is zero. 
•No foreign exchange requirements are necessary. 
• Infrastructure facilities requirement is minimal-only lightly 

surfaced paths. 
• Air pollution is eliminated. 

Bicycle Facilities 

The bicycle is one of the most convenient and energy-efficient 
forms of individuai transportation. Like walking, bicycling is 
an ideal mode of transportation in emerging cities. It helps 
conserve energy and preserve the environment. It provides 
excellent individual transportation at capital costs that are low 
for the user and for the government. Operating costs are also 
lower than they are for other modes. 

A lightly surfaced path can be used as a bicycle facility and 
can be built at a low cost. The facility can be built exclusively 
for bicycles or it can include pedestrian use. In India private 
and government agencies provide low-interest loans to their 
employees for the purchase of bicycles. Governmental efforts 
should be expanded to enable the rest of the population to 
use such loans for buying bicycles. 

TRANSPORTATION PLANNING IN EMERGING 
CITIES 

Transportation planning projects undertaken in emerging cit
ies should achieve the majority of trips by walking or walking 
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and bicycling. This can be done in cities that are developing. 
By keeping the human scale in planning, a low-cost, pollution
free transportation system is achievable. Only this form of 
urban development is sustainable in the developing countries 
where most energy for mobility is imported, the foreign ex
change is meager, and the balance of payment is outstanding. 

A detailed study of a land use transportation system for 
emerging cities needs to be undertaken to demonstrate the 
socioeconomic development of these cities. It is also impor
tant not to overlook the necessary infrastructure requirement 
for the industrial development for these cities because an 
efficient motorized transportation system is essential for vi
able industrial development. 

Land use transportation planning for the city of Chandigarh 
provides a good example for nonmotorized transportation 
facilities. In' Chandigarh separate dedicated bike paths were 
planned and provided throughout the city. The intracity bike 
paths have minimum conflicts with automobile traffic. Con
flicts are avoided or reduced through a traffic signal. The usual 
problems of encroachment, debris, and animals are avoided 
because the bike paths are designed to pass through the center 
of the sector in the greenbelt. The nonmotorized transpor
tation planning efforts were possible in the very early stage 
of development of the capital city of Chandigarh. The emerg
ing cities in India currently have an urban form that lends 
itself to conflict-free nonmotorized transportation facilities. 

The federal, state, and local governments need to develop 
strong land use transportation policies. Land banking and 
zoning regulations along with strong orderly land develop
ment policies will create nonmotorized transportation in 
emerging cities. With the present legal and institutional con
stituents in India, land use planning becomes the key tool in 
pursuing government policies. 

CONCLUSIONS AND RECOMMENDATIONS 

A nonmotorized urban transportation system for emerging 
cities appears to be an achievable· solution to many transpor
tation problems faced by India. It has been demonstrated that 
as the city size increases, the rate of consumption of gasoline 
fuel for work trips increased ex'ponentially. The same is tr~e 
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for various air pollutants. This paper clearly demonstrates that 
India should develop a policy to control city size to 300,000 
population and develop an urban form based on human scale 
as the most sustainable form. The cost of providing nonmo
torized transportation facilities is minimal when compared 
with large savings in fuel consumption and pollutants reduc
tion. 
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Low-Cost Opportunities for Making Cities 
Bicycle-Friendly Based on a Case Study 
Analysis of Cyclist Behavior and 
Accidents 

ROBERT G. THOM AND ALAN M. CLAYTON 

Cycling as a means of transportation has increased substantially 
in cities throughout the developed world. This increase in bicycle 
use has taken place largely on urban transportation systems that 
were not specifically planned or designed to accommodate cy
clists, particularly in North America. As a result, these cities are 
witnessing increases in bicycle accidents and growing problems 
in coping with bicycle traffic. Furthermore, the proportion of 
adult cyclists involved in accidents has increased, reflecting the 
bicycle's increased role in urban transportation. Field observa
tions of cyclist behavior were carried out at key sites in the cities 
of Winnipeg and Vancouver, Canada, whose road networks were 
not specifically planned with the bicycle in mind. These obser
vations reveal that only half of cyclists ride correctly. Practices 
such as riding on the sidewalk, going straight from right-turn
only lanes and bus bays, and overtaking between traffic and the 
curb were common. In addition, two-thirds of left turns were 
done incorrectly and cyclists tended to "switch roles" between 
pedestrian and vehicle operator. These behavior patterns are 
compared with Winnipeg's bicycle accident experience, on the 
basis of detailed consideration of some 2,300 police-reported, 
bicycle-motor vehicle collisions over 13 years. The comparison 
indicates that many of the observed patterns contribute to acci
dents. To counter the increase in bicycle accidents and to make 
current transportation systems bicycle-friendly, low-cost oppor
tunities in the areas of roadway modifications, cyclist training, 
and public awareness are proposed. 

The bicycle is increasingly used as a means of transportation 
in cities throughout the developed world. This increase in 
bicycle use has taken place on urban transportation systems 
that typically were not planned or designed to accommodate 
cyclists, particularly in North America. As a consequence, 
these cities are experiencing growing problems with bicycle 
accidents and coping with bicycle traffic. Furthermore, the 
proportion of adult cyclists involved in accidents has in
creased, reflecting the bicycle's growing role in servicing short
distance urban trips. Given the increased concern for the 
environment, cycling as a means of transportation is likely to 
continue to increase. 

If bicycles are to play a greater role in urban transportation, 
it would be helpful to identify and implement low-cost meth
ods to retrofit transportation systems in order to increase 

R. G. Thom, University of Manitoba Transport Institute, Winnipeg, 
Manitoba, Canada R3T 2N2. A. M. Clayton, Department of Civil 
Engineering, University of Manitoba, Winnipeg, Manitoba, Canada, 
R3T 2N2. 

cyclist safety and to make urban areas more bicycle-friendly. 
To assist in this effort, it is useful to examine cyclist behavior 
in the current transportation setting and to identify cyclist 
actions that contribute to accidents. Currently, little research 
has been done to examine the influence of roadway and traffic 
characteristics on cyclist behavior and to link cyclist behavior 
to accidents. 

The cities of Winnipeg and Vancouver, Canada, are used 
as case study situations. These are good examples of medium
sized North American cities (populations of 600,000 and 
1,500,000, respectively) whose road networks were not planned 
or designed with the bicycle in mind. 

PURPOSE AND SCOPE 

The purpose of this research is to explore possible links be
tween cyclist behavior and accidents with a view to developing · 
countermeasures·. Specifically, this paper 

1. Examines the influence of urban roadway traffic char
acteristics on cyclist behavior through field observation at 
seven key locations in the cities of Winnipeg and Vancouver; 

2. Correlates the behavioral characteristics observed in item 
1 to the bicycle accident experience in Winnipeg, on the basis 
of some 2,300 police-reported bicycle-motor vehicle colli
sions over a 13-year period; 

3. Suggests low-cost methods and countermeasures to make 
the transportation system more accommodating to cyclists and 
to improve overall safety, specifically in the areas of roadway 
modifications, cyclist training, and public awareness. 

OBSERVATIONS OF CYCLIST BEHAVIOR 

Why Observe Behavior? 

It is hypothesized that cyclist behavior patterns are influenced 
by different roadway and traffic characteristics. It is also hy
pothesized that certain cyclist behavior patterns influence ac
cidents. In order to link cyclist behavior to accidents, it is 
necessary to observe how cyclists ride under varying roadway 
and traffic characteristics in different urban settings. 
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Summer 1991 Field Study 

Field observations were carried out at seven key locations to 
examine cyclist behavior under varying roadway and traffic 
characteristics in Winnipeg and Vancouver. Observations were 
done on 900 cyclists in June and July 1991. A total of 14 hr 
of data were collected, or 2 hr of data for each site. All 
observations were conducted on weekdays between 9:00 a.m. 
and 9:00 p.m. to include a variety of traffic and cyclist char
acteristics. 

Observation Methodology 

Data for individual sites were collected by a single observer. 
The observer was to select a vantage point with a clear view 
of the site while being as inconspicuous as possible to mo
torists and cyclists. Observations were made on all cyclists 
passing through the site during the 2 hr. Information was 
collected on the following parameters for each cyclist. 

Cyclist Maneuver 

One of three possible cyclist maneuvers was indicated: going 
straight, turning left, and turning right. 

Correct Riding Style 

A cyclist was considered to be riding correctly if the cyclist 
obeyed stop signs and red lights, yielded the necessary right
of-way to traffic and pedestrians, rode with traffic, positioned 
self correctly in the intersection for the maneuver, shoulder 
checked and signaled before changing lanes, and did not weave 
or overtake traffic on the right. If a cyclist maneuver was 
considered to be incorrect, the reason was indicated according 
to the parameters that follow (with the exception of "riding 
on shoulder" and "in bus bay," the parameters were consid
ered to be actions that contributed to accidents, on the basis 
of the Winnipeg study): 

•Disobeyed stop sign or red light. The cyclist failed to stop 
at a stop sign or red light or proceeded into an intersection 
OJ?. a red light. 

•Fail to yield right-of-way. The cyclist failed to yield the 
necessary right of way to pedestrians or traffic during a ma
neuver. 

•On sidewalk or in crosswalk. The cyclist was riding on a 
sidewalk or in a crosswalk for all or part of a maneuver. 

• Improper position for left turn. The cyclist was in the 
incorrect position at an intersection when making a left turn. 
Examples of incorrect positions include turning left from the 
right curb, turning left from a sidewalk or crosswalk, turning 
left from the wrong side of the roadway, or turning left from 
the right side of a dual left/through lane. 

•Proceeding from exclusive right-turn lane. A straight
through cyclist was proceeding from a right-tum-only lane. 

• Too close to parked cars. The cyclist was riding less than 
a car door's width to the left of parked cars. 
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• Overtaking between traffic and curb. A cyclist was over
taking slower-moving or stopped traffic between the traffic 
and the curb. 

• Weaving. The cyclist was weaving in traffic or in gaps 
between parked cars. 

• In bus bay. The cyclist proceeded from a bus bay. 
•Wrong way. The cyclist was riding on the roadway or 

road shoulder against traffic. This parameter di.d not include 
cyclists who were riding against traffic on the sidewalk or in 
a crosswalk. 

•Riding on shoulder. The cyclist was riding on a shoulder. 

In the event that the observer was unable to collect the 
required information for a particular cyclist (for example, if 
his or her view was blocked by a passing transit vehicle), all 
information on the cyclist was discarded. 

Description of Observation Sites 

The intent of the observations was to examine cyclist behavior 
on arterial roads in the vicinity of intersections, where more 
than half the bicycle-motor vehicle collisions occurred (1). 
Bicycle volumes for each of the sites had to be high enough 
to obtain an adequate number of observations within a short 
time frame. Therefore, cyclist behavior on resident streets, 
back lanes, parking lots, and driveways, where some 30 per
cent of the acci<;lents took place, was not observed. The sites 
were selected in an attempt to incorporate a variety of road
way, cyclist, and traffic characteristics and to reflect the ac
cident situation along arterial roads rather than represent all 
accidents. 

Figure 1 represents the layout of the seven sites. The speed 
limit (in kilometers per hour) and approximate average daily 
traffic volumes are indicated for each site. All traffic lanes 
are 3.7 m (12 ft) wide, with the exception of one roadway at 
Site 6, which has curb lanes 4.9 m (16 ft) wide. 

Site 1 

Site 1 is situated just outside the downtown area. Observations 
were carried out during the afternoon rush hour. Traffic was 
generally heavy and slow-moving. Most of the cyclists ob
served were adults, many of whom appeared to be regular 
bicycle users, and many were traveling as fast as the traffic. 
Of special interest was the incidence of cyclists going straight 
from the right-turn"'."only lane and the bus bays. 

Site 2 

Site 2 is on a suburban university campus. Observations were 
performed during the morning rush hour. Traffic was oper
ating under free-flow conditions. Most cyclists observed were 
regular adult commuters and were traveling at about half the 
speed of traffic. Close attention was paid to cyclists turning 
left from the right side of the dual destination lane. 
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Site 3 

Observations at Site 3, a suburban intersection, were made 
on a weekday evening under light, free-flow ti:affic conditions. 
The cyclists observed were a mixture of children and adults 
riding for recreation. There was a greater tendency here for 
cyclists to travel in groups than at the other sites. Of interest 
were cyclists riding on sidewalks or in crosswalks and cyclists 
riding in the bus bays. Most of the bicycle traffic was con
centrated on the 60-km/hr roadway and was traveling slower 
than traffic. 

Site 4 

As with Site 3, observations on Site 4, a suburban arterial, 
were made on a weekday evening under light traffic condi,.. 
tions. Cyclists were primarily children and adult recreational 
riders, a number of whom were traveling in groups and were 
slower than traffic. Of interest were cyclists riding on the 
gravel shoulders and sidewalks because of the perceived dan-
ger of riding on the roadway. · 

Site 5 

Observations at Site 5, a downtown intersection, were made 
during the afternoon rush hour with heavy, slow-moving traffic. 
Most cyclists were adult commuters or adult recreational rid
ers who were traveling near the speed of traffic. Special notice 
was given to cyclists going straight through from the right
turn-only lane and cyclists riding the wrong way on the one
way street. 

Site 6 

Site 6 is in a well-developed urban setting outside of down
town. Observations were made during the mid-afternoon 
and early rush· hour under moderate to heavy traffic flow 
with cyclists traveling near the same speed. Cyclists varied 
from school children to adult recreational riders to adult 
commuters.· 

Site 7 

Site 7 is one block from Site 6. Observations were carried out 
during the afternoon rush hour with generally heavy, slow
moving traffic; recreational adult riders and community cy
clists were most frequent. Of interest were cyclists that might 
disobey stop signs or fail to yield to traffic when crossing the 
arterial from the residential street. It was anticipated that a 
number of cyclists would use the residential street as an al
ternative to the arterial road at Site 6. 

Observation Results and Comments 

In total 900 cyclists were observed and recorded during the 
study. The results of the individual site observations are sum
marized in Table 1. The following comments can be made: 
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•Incorrect riding style is very common. One-half of cyclists 
were doing something wrong during a maneuver, as will be 
described in detail. 

•Sidewalk and crosswalk cycling is common. Nearly one 
of four cyclists observed was riding on the sidewalk or in a 
crosswalk for all or part of a maneuver. This reflects cyclists' 
perceived danger of riding on the roadway in traffic and ne
gotiating busy multilaned intersections. At Site 4, a two-lane, 
two-way arterial with gravel shoulders, sidewalk usage by 
cyclists was particularly high (about one-half of the cyclists 
observed). This may be motivated by fear of overtaking traffic 
on a narrow roadway. 

•Left turns are performed incorrectly. Of the 160 cyclist 
left turns observed, less than one-third were done correctly. 
Many cyclists either lack the skills to safely get in the correct 
position for a left turn or perceive that changing lanes in traffic 
is extremely dangerous .. Cyclists thus opt to ride through the 
crosswalk for all or part of the maneuver or turn left from 
the curb. At Site 2, 60 percent of the left turns were made 
from the wrong side of the dual left turn-through lane. 

• Right turns are more likely to be done correctly than other 
maneuvers. Only 40 percent of the 114 right turns observed 
were considered to be done incorrectly, compared with more 
than 65 percent of left turns and 47 percent of straight-through 
maneuvers. 

• Cyclists proceed from exclusive right-turn lanes. Approx
imately two-thirds of the cyclists going straight ahead at an 
intersection equipped with right-turn-only lanes (Sites 1 and 
-5) did so without changing to the adjacent through lane. Many 
cyclists either find changing lanes difficult or choose to ignore 
signage and pavement markings. 

• In heavy traffic, cyclists weave and overtake between traffic 
and the curb. During periods of heavy traffic, there was a 
greater tendency for cyclists to overtake between traffic and 
the curb and to weave between lanes of slow-moving or stopped 
traffic when approaching an intersection. This phenomenon 
was evident at ~ites 1 and 5. In free-flow traffic conditions, 
no cyclists were observed to be weaving in traffic. Cyclists 
were, however, more likely to disobey red lights and stop 
signs when traffic was light. 

• Cyclists travel in bus bays. Approximately 80 percent of 
straight-through cyclists observed at sites with bus bays (Sites 
1 and 3) were riding in the bus bays. It is probable that many 
cyclists do this believing that bikes belong near the curb. 

•Wrong-way riding on the roadway is uncomrr:zon. The vast 
majority of cyclists riding on the roadway were observed to 
be riding with traffic. Wrong-way riding was more common 
at sites with one-way streets (Sites 1, 3, and 5). As many as 
half of the cyclists riding on the sidewalk or in crosswalks 
were riding against traffic. 

Commentary 

From the field observations, it is apparent that many cyclists 
do not ride according to the established rules and principles 
of traffic flow: only half of the cyclists were observed to be 
riding correctly. There is the tendency for cyclists to "switch 
roles" between being a vehicle operator and a pedestrian 
whenever they think it is safer or more convenient to do so. 
A significant number of cyclists lack an understanding of how 
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TABLE 1 Summary of Cyclist Observations in Winnipeg and Vancouver, 
June-July 1991 

Observations Site Site 
1 2 

Observations 265 113 

Cyclist Maneuver: 

Straight 203 31 

Turning Left 17 73 

Turning Right 45 9 

Cyclist Action: 

Disobeyed stop sign/red 3 
light 

Fail to Yield Right of Way 0 0 

On sidewalk/in crosswalk 75 10 

Improper position for left 10 43 
tum 

Proceeding from right turn 43 n/a 
only lane 

Too close to parked cars 0 0 

Overtaking between traffic 13 0 
and curb 

Weaving 4 3 

In bus bay 71 n/a 

Riding wrong way 6 

On shoulder n/a 

Correct riding style 96 

n/ a - not applicable 

traffic operates, perceive cycling in traffic to be very danger
ous, or believe that the rules ofthe road do not apply to them. 

The high incidence of sidewalk riding may be motivated by 
the perceived dangers of overtaking traffic. In heavy traffic 
conditions, cyclists were observed trying to "get ahead" by 
overtaking between traffic and the curb, weaving, and taking 
to the sidewalk. 

Left turns pose difficulties for many cyclists; only one-third 
of these were done correctly. Cyclists elect to use crosswalks 
or turn left from the curb in many cases. The use of exclusive 
right-turn lanes and bus bays by straight-through cyclists could 
be motivated in part by traffic laws requiring cyclists to ride 
next to the right curb. 

WINNIPEG'S BICYCLE ACCIDENT EXPERIENCE 

Data Base 

This section presents the results of an analysis of nearly 2,300 
police-reported bicycle-motor vehicle collisions in Winnipeg 

6 

0 

56 

Site Site Site Site Site Total 
3 4 5 6 7 (%) 

75 47 150 150 100 900 

51 38 120 105 78 626 
(69.6) 

11 5 17 26 11 160 
(17.8) 

13 4 13 19 11 114 
(12.7) 

9 0 2 6 22 
(2.4) 

0 0 0 2 
(0.2) 

27 24 16 46 16 214 
(23.8) 

2 4 6 9 4 78 
(8.9) 

n/a n/a 30 n/a n/a 73 
(8.1) 

0 0 0 0 5 5 
(0.6) 

0 0 13 2 29 
(3.2) 

3 0 3 15 
(1.7) 

20 n/a n/a n/a n/a 91 
(10.1) 

0 2 4 2 2 22 
(2.4) 

3 n/a n/a n/a 4 
(0.4) 

24 19 95 96 71 457 
(50.8) 

between 1976 and 1989. The purpose of the analysis was to 
determine the nature and extent of car-bike collisions with a 
view to identifying trends. The results of the analysis provide 
the basis for examining the bicycle accident problem as it 
relates to cyclist behavior. 

The analysis did not include accidents involving (a) a person 
walking a bicycle at the time of the collision, (b) unattended 
bicycles, and (c) falls or cyclist collisions with fixed objects, 
pedestrians, animals, or other cyclists. 

Methodology 

To develop an understanding of the· nature of the accidents, 
it was necessary to reconstruct each collision on the basis of 
the data and witness narratives in the police reports. Cur
rently, all accidents resulting in injury or a minimum of $500 
property damage are required to be reported to the police. 
A total of 2,293 accidents were analyzed. 

For each accident, cyclist, roadway, and weather charac
teristics were determined. Contributing factors were identi-



TABLE 2 Number of Bicycle-Motor Vehicle Accidents by Configuration: Winnipeg, 1976-1989 

Configuration Description Principal Contributing Factors 

1. Rear End 

~I 
Cyclist strikes rear of • Cyclist inattentiveness 

156 (6.8%) stopped or parked motor vehicle. [83) • Cyclist loss of control [78) 

n~ 
Rear of cyclist struck by front of • Motorist improper overtaking [22) 
overtaking motor vehicle. [73) • Cyclist swerves unexpectedly [35) 

• Cyclist lack of reflector I taillight [16) 

2. Opening Car Door 

t{]~ 
Cyclist stricks driver side door. [107) • Motorist opening door into traffic [107) 

'if. 113(4.9%) • Cyclist too closed to parked car [107) 
C) 
cw; 

ll"t~ 
Cyclist strikes passenger door [6) • Cyclist improper overtaking [6) ~ 

co 
N 
It) 

0 
3. Sideswipe same Cyclist sideswiped by overtaking • Cyclist swerves unexpectedly [67) c 

(Jt~ 0 Direction motor vehicle [162) • Motorist improper overtaking [82) ~ 222 (9.7%) • Cyclist lack of reflector I taillight [6) 
0 
0 

fl ~ 
Motorist changes lane to [26) u • Motorist improper lane change 0 right [29) :a 

"O 

:i -· 
4- t~ Motorist entering/exiting • Cyclist improper over taking [6) 

parking spot [31) • Motorist fails to yield right of way [25) a 
4. Sideswipe - Opposite Cyclist sideswiped by motor • Cyclist or Motorist travelling wrong way [10) 

Direction 

~~ 
vehicle travelling in opposite • Cyclist or Motorist loss of control [10) 20 (0.9%) direction [20) 

5. Head on 

~~~ 
Front of cyclist struck by front of • Cyclist or motorist travelling wrong way [15) 

17(0.7%) motor vechicle travelling in opposite • Cyclist or motorist loss of control! [2) direction [17) 

6. Right Angle 

~ 
L Cyclist proceeding straight intersection • Cyclist or motorist disobeys traffic 

983 (42.9%) struck by straight through motor vehicle control device [276) on perpendicular road way [983) • Cyclist or motorist fails to yield right of way [486) 
• Cyclist on sidewalk and I or wrong way [95) Cl . • Cyclist lack of head light 

[23) 

~ tr 
7. Right turn 

~ 
~yclist going straight struck by motorist • Motorist improper turning [105) 

306 (13.3%) urning right [181) • Cyclist improper over taking [54) 
• Cyclist riding on sidewalk and I or 

wrong way [9) 

'r. • Cyclist lack of reflectors I taillight 
[8) 

~ # 
C) 

~ 
utraight through cyclist struck by motorist • Motorist fails to yield right of way [28) .....: 

t:::. urning right from perpendicular road way [113) • Cyclist riding on sidewalk and I or 
It) wrong way [79) 
<O 

fS 
• Cyclist lack of head light [2) ,... ... 

c ~ r 0 

~ 

~ 
~Right turning cyclist struck by motorist • Cyclist fails to yield right of way [12) 0 ravelling straight on perpendicular roadway [12) 0 

c D'f;. .2 u 
Cl> 

~ r f s 
.E 
ai 

8. Left Turn ~ L Straight through cyclist struck by motorist • Motorist fails to yield right of way [212) 
476 (20.8%) turning left across his path [312) • Cyclist riding on sidewalk and I or 

~ . wrong way [45) 
• Cyclist lack of head light 

~ +r [49) 

~ L Left turning cyclist struck by overtaking • Cycli~t turning left from curb [117) '° motorist [117) • Cyclist failure to shoulder check 
• Cyclist lack of reflector I taillight [117) ,.. 

I r [8) 

~ 
~ L Cyclist turns left across motorist's path [47) • Cyclist fails to yield right of way [47) 

~ ar [ ) indicates number of occurrences 
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fied for both the motorist and the cyclist. For cyclists, typical 
accident causation factors included failing to yield right-of
way, disobeying stop signs and red lights, riding on the side
walk, riding the wrong way, and lacking nighttime equipment. 
For motorists, common factors included failing to yield right
of-way and turning right improperly. An accident classifica
tion system was devised incorporating 16 configurations as 
illustrated in Table 2. The methodology and study results are 
reported in detail in Thom and Clayton (J ,2). 

Results 

The following bicycle-motor vehicle accident characteristics 
were observed: 

• Bicycle-motor vehicle collisions on Winnipeg's roadways 
increased by 50 percent between 1976 and 1989. In compar
ison, total acciderits remained steady during the period. 

• Cyclists are currently involved in 10 percent of all injury
producing accidents in the city during the peak cycling months 
(i.e., May to October). 

• Not surprisingly, 9 of 10 accidents resulted in injury to 
the cyclist, 15 percent of which were serious enough to require 
medical attention. 

• The proportion of adult cyclists involved in accidents in
creased from 20 percent in 1976 to greater than 49 percent in 
the late 1980s, reflecting the bicycle's increased role as an 
urban transportation mode. 

•Nearly two-thirds of the accidents involved a major (ar
terial) roadway. This reflects cyclists' preference for these 
roadways because of their directness and fewer delays. In 
many situations, there are no alternative "quiet" r?ads par
alleling arterial r9ads. 

The distribution of accidents by configuration and contrib
uting factor is shown in Table 2. From this table, 

~Nearly one-quarter (528) of accidents occurred at mid
block locations, with rear-end, sideswipe, and cyclist striking 
opening car door being the most frequent configurations 

•More than three-quarters (1,765) of the accidents were 
intersection-related, with right-angle collisions being the most 
common (983, or 43 percent) (Configuration 6). 

•The rear-end collision (Configuration lb) was very un
common: only 1 percent of the accidents were the result of 
cyclists' being rear-ended by improperly overtaking motorists 
in daylight conditions. In fact, more than half of the over
taking collisions were the result of the cyclist's swerving un-
expectedly into the ·motorist's path. · 

•One of 10 (230) accidents occurred in darkness. In nearly 
all of these, the cyclist lacked a headlight and adequate rear 
reflectors or taillight. One-quarter of the nighttime accidents 
involved a motorist turning left across the path of a straight- . 
through cyclist (Configuration Ba). 

The distribution of accidents by contributing factor for cy
clists and motorists is shown in Table 3. From this table, 
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TABLE 3 Number of Bicycle Accidents by Principal 
Contributing Factor: Winnipeg, 1976-1989 (2) 

(a) Cyclist Number % 
of Accidents 

Accidents 

Fail to yield right of way 347- 15 

Sidewalk/wrong way riding 328 14 

· Disobey traffic control device 255 11 

Improper left tum 117 s 
Swerves unexpectedly 102 4 

Lack of night-time equipment 230 10 

Loss of control 84 4 

Too close to parked car 107 .5 

Total cyclists 1570 69 

(b) Motorist Number % 
of Accidents 

Accidents 

Fail to yield right of way 447 19 

Disobey traffic control device 31 

Improper overtaking 104 4 

Improper lane change 29 

Improper right turn 113 5 

Wron~ ·way 3 <1 

Loss of control 6 <1 

Opening door into traffic 107 5 

Unsafe backing 5 < 1 

Total motorists 845 35 

• The most frequent contributing factor on the part of the 
cyclist was failure to yield right of way (in 347, or 15 percent, 
of accidents), followed by sidewalk and/or wrong-way riding 
(in 328, or 14 percent, of accidents). Over 250(or11 percent) 
of the accidents were the result of cyclists' disobeying stop 
signs or red lights. : 

• The most frequent contributing factor on the part of the 
motorist was also failure to yield right of way (in 447, or 19 
percent, of accidents), followed by improper right turn (in 
113, or 5 percent, of accidents). 

Cyclists were at fault in nearly 70 percent O ,570) of the 
accidents analyzed. Motorists contributed to 35 percent (845) 
of the accidents, 5 percent of which the motorist and cyclist 
were judged to be equally at fault. More than a quarter of 
accidents were the result of cyclists' either failing to yield the 
right of way or disobeying a traffic control device. Even in 
those accide.nts in which the cyclist legally had the right . of 
way, the cyclist. was often doing something unusual, such as 
riding on the sidewalk or riding against traffic (and in many 
cases, both). Virtually all of the nighttime accidents were the 

· result of the motorist's not being able to see the cyclist until 
it was too late to avoid a collision because of the cyclist's lack 
of either a headlight or rear reflectors and taillight. More than 
5 percent of accidents were the result of cyclists' making im
proper left turns. 
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CYCLIST BEHAVIOR AND ACCIDENT 
EXPERIENCE 

This section relates the findings of the behavforal observations 
with the bicycle accident experience. The observed cyclist 
actions described earlier are compared to cyclist contributing 
factors in bicycle-motor vehicle collisions just summarized. 
The comparison of cyclist behavior and accident causation is 
shown in Table 4 as percentages of observed cyclists and 
accidents, respectively. In making the comparison, it is to be 
realized that no direct cause-effect relationship was expected 
(i.e., because X percent of cyclists are seen to be riding the 
wrong way does not necessarily mean that X percent of the 
accidents should be caused by wrong-way riding). The rela
tively high or low incidences of certain cyclist behavior pat
terns may reflect the nature of the sites from which the ob
servations were made. Nonetheless, the comparison is 
considered useful in helping to establish cyclist actions that 
may contribute to accidents, particularly on arterial roads. 
The following observations respecting cyclist behavior and the 
contribution of that behavior to accidents are drawn from this 
table. 

Disobeying Stop Sign or Red Light 

Less than 3 percent of the cyclists were observed to disobey 
stop signs or traffic signals. This action contributed to more 
than 11 percent of bicycle-motor vehicl~ collisions. This sug
gests that when a cyclist does disobey a traffic control device, 
the probability of a collision is high. As well, this action is 

TABLE 4 Cyclist Behavior and Accident Contribution (2) 

Cyclist Action 

Disobeyed stop sign/red -
light 

Failed to yield right of way 

On sidewalk/in crosswalk 

Improper left tum 

Proceeding from right tum 
only lane 

Too close to parked cars 

Overtaking between traffic 
and curb 

Weaving 

In bus bay 

Riding wrong way 

Lack of night-time 
equipment 

Sample size 

% of % of 
Observations Accidents 

2.4 

0.2 

23.8 

8.9 

8.1 

3.2 

1.7 

10.1 

2.4 

no night
time 
observations 
made 

900 

11.1 

15.1 

14.3 

5.1 

0.3 

4.7 

2.9 

4.4 

o.o 
7.6 .. 

10.0 

2293 

• Only a limited number of observations were made of cyclists passing 
parked cars. Five cyclists w~re considered to be riding too close to 
parked cars out of a sample of 10 cyclists. 

... Includes accidents where cyclists were riding wrong way on a sidewalk 
or in a crosswalk 
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probably more common in residential areas where traffic vol
umes are low and the perceived danger of a collision is also 
low. At the observation sites, most cyclists were forced to· 
comply with stop signs and red lights because of high traffic 
volumes. 

Fail To Yield Right-of-Way 

More than 15 percent of bicycle-motor vehicle collisions were 
the result of cyclists' failing to yield the right-of-way. In the 
field study, only 2 of the 900 cyclists did not yield to traffic 
when they were required to do so. As with disobeying stop 
signs or red lights, failing to yield incurs a great risk of ~ol
lision. The low incidence of failing to yield the right-of-way 
is a reflection of the observations sites selected. In most 
cases, cyclists were forced to yield because of the traffic 
characteristics. 

Riding on Sidewalk or in Crosswalk 

Nearly a quarter of the cyclists were observed to be riding on 
the sidewalk or in a crosswalk for all or part of a maneuver. 
This action places cyclists in significant danger of collision at 
intersections, where 14 percent of the accidents were attrib-· 
utable to· sidewalk or crosswalk riding. When motorists are 
crossing or turning at intersection, they are scanning for traffic 
on the roadway and simply do not expect to see cyclists coming 
off of the sidewalk. This action contributed significantly to 
the incidence of the right-angle, motorist-left-turn, and motorist
right-turn configurations (Configurations 6, Ba, 7a, and 7b, 
respectively, from Table 2). 

Sidewalk riding also poses a danger to pedestrians. This 
danger, however, is difficult to quantify, since very few 
bicycle-pedestrian collisions are reported to the police. 

Improper Position for Left Turn 

Cyclists were incorrectly positioned for left turns in 9 percent 
of the observations, or in approximately half of the left turns 
observed. Many of these cyclists failed to shoulder check be
fore moving left. Five percent of the accidents were due to 
cyclists making improper left turns. 

Proceeding from Right-Turn-Only Lanes 

In 8 percent of the observations, cyclists were going straight 
from exclusive right-turn lanes. Only six accidents were at
tributable to this action (Configuration 7a). This difference 
between observed behavior and accident experience reflects 
the fact that the vast majority of collisions involving right
turning motorists occurred at intersections that were not 
equipped with right-tum-only lanes. In addition, two of the 
seven sites selected for observation had these lanes, therefore 
the number of cyclists observed going through exclusive right
turn lanes could be expected to be high. 

Cyclists whQ attempt to go straight from a right-tum-only 
lane are likely to conflict with right-turning traffic. In fact, 
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·· several near-collisions were observed at Sites 1 and 5 as a 
result of this action. 

Too Close to Parked Cars 

More than 100, or 5 percent, of the accidents were the result 
of cyclists' striking opening car doors (Configuration 2a). In 
all of these, the cyclist was riding too close to the parked car. 
In this study, the number of cyclists observed passing parked 
cars was too small to be able to conclude whether cyclists 
generally allow enough room between themselves and parked 
cars. Of 10 cyclists observed passing a row of parked cars, 5 
were considered to be traveling too far to the right. 

Overtaking Between Traffic and Curb 

More than 3 percent of the cyclists were observed to be passing 
between stopped traffic and the curb. A similar percentage 
of the accidents were attributed to this, particularly collisions 
involving right-turning motorists (Configuration 7a). Motor
ists turning right onto a perpendicular roadway, or into a 
driveway parking lot, do not expect to be overtaken on the 
inside. In addition, cyclists overtaking on the right are often 
caught in the motorist's blind spot. This practice also fre
quently annoys motorists. 

Weaving in Traffic 

Less than 2 percent of the cyclists were observed to be weaving 
or "lane jumping" in traffic. This action was most frequent 
during periods of heavy traffic. Weaving or swerving contrib
uted to more than 4 percent of the accidents, particularly those 
configurations involving overtaking motorists (Configurations 
lb and 3a). In addition, this practice can be annoying to 
motorists stopped in traffic. 

In Bus Bay 

Ten percent of observed cyclists were proceeding from bus 
bays. In none of the accidents was it noted that a cyclist was 
in a bus bay before or at the time of the collision. However, 
this action is potentially dangerous in that (a) the cyclist is 
forced to reenter the traffic stream more often than is nec
essary, and (b) by being well to the right of the traffic stream, 
the cyclist is less visible to left-turning motorists (Configu
ration Ba) than by staying out of the bus bay. In addition, 
cyclists stopped in bus bays may interfere with transit 
operations. 

Riding Wrong Way 

Only 2 percent of cyclists were seen to be riding against traffic 
on the roadway. This practice was more common on one-way 
streets. In the Winnipeg accident study, approximately 70 
percent of the cyclists who were riding against traffic at the 
time of the collision were doing so from a sidewalk. Cross 

TRANSPORTATION RESEARCH RECORD 1372 

and Fisher demonstrated that as many as 17 percent of car:
bicycle collisions are attributable to wrong-way riding (3). 

Lack of Nighttime Equipment 

Although no observations were made at night, a casual survey 
indicates that the vast majority of bicycles operated at night 
lack a headlight and have the bare minimum in rear reflectors 
(including pedal reflectors). Many cyclists are also seen 
wearing dark-colored clothing. More than 90 percent of 
cyclists involved in nighttime collisions lacked the necessary 
equipment. 

LOW-COST OPPORTUNITIES FOR MAKING 
ROADWAYS BICYCLE-FRIENDLY 

On the basis of bicycle accident experience and observations 
of cyclist behavior, this section identifies low-cost counter
measures in the areas of roadway improvements, cyclist train
ing, and public awareness to assist in making the current 
transportation system more accommodating to cyclists. 

Roadway Improvements 

From the findings in earlier sections, the following roadway 
modifications are suggested. Some of these suggestions may 
not be feasible on all roadways. 

Wide Curb Lanes 

On some roadways, it may be possible to widen curb lanes 
from the current width of 10 to 12 ft to 12 to 14 ft. This may 
be accomplished by restriping lanes or paving gravel shoul
ders. The provision of wider lanes may help to reduce the 
incident of sidewalk riding by increasing the level of comfort 
between cyclists and overtaking motorists, particularly at Site 
4. This modification has the potential of reducing overtaking
type accidents (Configurations lb, 3a) and opening-car-door 
collisions (Configuration 2a) by enabling cyclists to ride far 
enough to the left of parked cars without having to travel in 
the adjacent traffic lane. 

More Clearly Defined Lane Destinations 

On multilane roadways, the destination of each lane (i.e., 
left, straight through, or right) should be made clear through 
overhead signs or pavement markings such as at Site 2. This 
would help left-turning cyclists select the proper lane. In ad
dition, dual-destination lanes, such as left and straight-through, 
should be avoided so that a cyclist only has to ride on the 
right side of the lane that serves his or her destination. 

Modifications to Right-Turn-Only Lanes 

Exclusive right-tum lanes can benefit cyclists because they 
can reduce the frequency of collisions between straight-through 



Thom and Clayton 

cyclists and right-turning motorists (Configuration 7a). Straight
through cyclists might be more likely to stay out of right-turn
only lanes if these lanes were designed in such a way that it 
was not necessary to make a lane change in moving traffic to 
proceed straight (i.e., requiring right-turning traffic to lane 
change to the right), particularly at Sites 1 and 5. Right-turn
only lanes can also be created by restricting parking on the 
near side of an intersection and allowing parking on the far 
side of the same intersection. This modification may be ap
plied to Sites 6 and 7. A cyclist could thus avoid conflicting 
with right-turning motorists by remaining on the extreme left 
side of the lane. 

Other Measures 

A number of other modifications that do not relate specifically 
to cyclist behavior and accident experience may be considered 
to make roadways more amenable to cycling and to improve 
overall cycling safety. These include the following. 

Bicycle-Sensitive Traffic Signals Many traffic-actuated sig
nals do not respond to bicycles, resulting in delays to cyclists 
during low traffic periods; occasionally cyclists proceed on a 
red light. Vehicle detectors should be set up so that they can 
detect a bicycle. 

·Extended Amber or All-Red Phases at Signalized Intersections 
Because cyclists generally move slower than most traffic, cycl
ists require additional time to clear an intersection when the 
light changes to amber. Consideration might be given to ex
tending the amber phase by several seconds or following a 
standard-length amber phase with an all-red interval. 

Left-Turn Phases at Signalized Intersections To reduce the 
frequency of collisions involving left-tum motorists (Config
uration Ba), an exclusive left-tum phase could be incorporated 
in the signal sequence at most intersections on arterial roads. 

Right-Turn-on-Red Restrictions Restricting right turns on 
red at signalized intersections has the potential of reducing 
the frequency of collisions involving motorists turning right 
from a perpendicular roadway (Configuration 7b) and, to a 
lesser extent, the frequency of cyclists being cut off by right
tuming motorists (Configuration 7 a). 

Improved Roadway Maintenance and Hazard Removal In 
addition to roadway modifications, attention should be paid 
to maintaining road surfaces and removing road surface haz
ards. Debris such as sand, glass; and gravel must be swept on 
a regular basis. Programs must be in place to remove wheel
trapping catch basins and to replace them with a safer design. 
Hazards such as potholes and longitudinal cracks must be kept 
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in check. When resurfacing takes place, attention must be 
paid to parallel-to-traffic pavement joints and making the 
pavement flush with manhole covers. Railway crossings and 
bridge expansion joints should also be designed to minimize 
the hazard to cyclists. 

Cyclist Training 

Increasing the level of traffic cycling skills can help to make 
cyclists more comfortable when riding in traffic, improve re
lations between cyclists and motorists, and facilitate the smooth 
and orderly flow of traffic. 

The objectives of any cyclist training program are to im
prove traffic cycling skills, to increase knowledge and aware
ness of accidents, and to present methods to avoid accidents. 
To have a significant impact, such courses must be readily 
available, and the cycling population, particularly adults, must 
be convinced of their value. From these findings, cyclist train
ing programs should include the following. 

Knowledge of Accident Types 

Cyclists need to realize that most collisions involving motor 
vehicles are intersection-related and that very few accidents 
are caused by improperly overtaking motorists. 

Awareness of Cyclist Behavior That Contributes to 
Accidents 

Cyclists must know how practices such as riding the wrong 
way, riding on the sidewalk, weaving in traffic, and overtaking 
between traffic and the curb result in accidents. Cyclists should 
be predictable and ride where motorists expect to see them. 

Destination Positioning at Intersections 

Cyclists need to know how to position themselves at inter
sections according to their destination, particularly for making 
left turns. To minimize conflicts, it is essential that a cyclist 
be in the lane that serves his or her destination rather than 
always riding next to the curb. 

Skills in Shoulder Checking and Lane Changing 

In order to make safe left turns in traffic, cyclists need to 
either develop skills in shoulder checking and lane changing 
or dismount and walk through the intersection. 

Public Awareness 

Awareness campaigns aimed at both motorists and cyclists 
are necessary to ensure a safe coexistence between the two 



groups. For motorists, awareness campaigns should empha
size the following: 

• Exercise care in overtaking cyclists; 
• Expect to encounter cyclists anywhere on the road system 

at any time; 
• Remain behind a cyclist when turning right; 
•Always scan for cyclists when crossing or turning at in

tersections; and 
•Expect cyclists to stay out of exclusive right-tum lanes, 

bus bays·, and parking lanes. 

Motorists should also expect cyclists to move to the left at 
intersections to make left turns. For cyclists, emphasis should 
be placed on the following: 

• The safest place to ride is on the roadway with traffic, 
not on the sidewalk or against traffic; 

•Obey stop signs and red lights, and yield to pedestrians 
and traffic when it is required by law; 

• Ride in the lane that serves the destination; and 
• When approaching intersections, be alert for crossing and 

turning motorists. 

CONCLUDING REMARKS 

The principal findings of this work follow: 

• Only one in "two cyclists rides correctly, on the basis of 
the field observations of cyclist behavior. 

• Many cyclist behavior patterns-such as riding on the 
sidewalk, riding against traffic, and weaving in traffic-con
tribute to collisions with motor vehicles. 

• Accidents involving cyclists and motorists have increased 
over the past decade. As many as 10 percent of all injury
producing road accidents in Winnipeg during the summer 
months involve a cyclist. Furthermore, these accidents are 
increasingly involving adult cyclists, reflecting the bicycle's 
increased popularity as an urban transportation mode. 

• Low-cost countermeasures in the areas of roadway mod
ifications, cyclist training, and public awareness are available 
to address the increase in cycling accidents and to make the 
transportation system more accommodating to cyclists. 

Cycling as a means of transportation in North America and 
throughout the world is likely to continue to increase, given 
the growing concern for the environment. This will call for a 
greater effort in retrofitting transportation systems to make 
cities bicycle-friendly. 

REFERENCES 

1. R. Thom, A. Clayton, and H. Omar. Winnipeg's Bicycle Accident 
Experience: Facts and Opportunities for Improvement. Proc., In
stitute of Transportation Engineers (Canada) Annual Conference, 
Toronto, Ontario, June 1990. 

~· R. Thom and A. Clayton. Bicycle/Motor Vehicle Collisions in 
Manitoba: An Analysis, 1976-1989. University of Manitoba 
Transport Institute, Winnipeg, Canada, 1990. 

TRANSPORTATION RESf.ARCH RECORD 1372 

3. K. D. Cross and G. Fisher. A Study of Bicycle/Motor Vehicle 
Accidents: Identification of Problem Types and Countermea$ure 
Approaches. NHTSA, U.S. Department of Transportation, 1977. 

DISCUSSION 

ANDY CLARKE 
Bicycle Federation of America, 1818 R Street, N. W., Washington, 
D.C. 20009. 

Thom and Clayton's paper provides a valuable insight into 
the realm of bicycle crash statistics and bicyclist behavior on 
the basis of observations and statistics from Winnipeg, Man
itoba. The paper confirms the hypothesis that cyclist behavior 
patterns are influenced by different roadway and traffic 
characteristics. 

The authors are clearly experienced cyclists who have de
veloped and adhere to the principles of "effective cycling," 
or the vehicular style of cycling. This is reflected in the com
mentaries given on different patterns of behavior. For ex
ample, at the busiest observation sites a substantial number 
of bicyclists were observed riding on the sidewalk or shoulder, 
riding in bus bays, or proceeding straight ahead from a right
turn lane. The authors ascribe that "wrong" behavior to a 
fear of traffic and cyclists' belief that they belong as far to the 
right of the road as possible. It is also an indication that 
bicyclists enjoy the channelization offered by painted lines 
and car-free lanes. 

In the suggested "low-cost opportunities for making road
ways bicycle-friendly," the authors do not mention bike lanes, 
preferring to recommend wide-curb lanes. Wide-curb lanes 
are adequate for cyclists with confidence and experience, but 
for the type of cyclist observed riding on the sidewalk or in 
the bus bays, these widened curb lanes would do little to alter 
this behavior-and thus little to reduce the dangers caused 
by this behavior. 

Other recommendations, such as more clearly defining lane 
destination markings, restricting right turns on red, and avoid
ing the use of dual-destination ianes, are helpful and practical 
suggestions that will benefit all road users. 

The authors make the interesting observation that cyclists 
tend to switch roles between vehicle operator and pedestrian 
whenever they think it is safer or more convenient to do so. 
This is crucial, and very true. The existing roadway system 
simply does not work for many existing bicyclists, and it deters 
many more potential bicyclists from ever getting started. 

AUTHORS' CLOSURE 

Clarke's discussion provides several useful and valid com
ments. We take this opportunity to clarify and discuss several 
issues. 

First, bike lanes can be effective in improving the cycling 
environment on roadways with few intersections, such as rural 
highways. However, in urban areas with a multitude of in
tersections, special lanes can promote dangerous behavior by 
both motorists and cyclists. The principal danger of bike lanes 
is that they attempt to separate traffic fiow by vehicle type 
rather than by direction of travel. Bike lanes prevent motorists 
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from making right turns from the extreme right side of the 
roadway, as is required by law, and encourage cyclists to 
overtake right-turning motorists on their right side. Cyclists 
wishing to tum left tend to avail themselves to the bike lane 
until they arrive at the intersection, then proceed to turn left 
in front of overtaking traffic rather than merging left well in 
advance of the intersection. Bike lanes also prevent motorists 
from using the full width of the roadway in the absence of 
cyclists. This usually results in the accumulation of debris in 
the bike lane, unless vigorous maintenance programs are in 
place. 

Second, the roadway modifications suggested in the paper 
are not all-inclusive. For example, to make roadways more 
bicycle-friendly, we could have suggested additional mea
sures, such as reducing speed limits, synchronizing closely 
spaced traffic signals to match cyclist speeds, and adding spe
cial pavement markings to guide cyclists through multilane 
intersections. We limited ourselves to suggesting low-cost 
measures that related specifically to observed cyclist behavior 
and accident experience. Further suggestions are ~elcome. 
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Third, roadway modifications alone will do little to change 
cyclists' behavior. None of the suggested improvements are 
substitutes for traffic cycling skills. In this regard, cyclist train
ing programs can play a substantial role by increasing cyclists' 
confidence and enabling cyclists to make the existing roadway 
system work for them. The principles of traffic cycling are 
within easy grasp of virtually anyone, particularly if these are 
first practiced on residential streets and then applied to pro
gressively busier roadways and more difficult tn,1ffic situa:. 
tions. 

Finally, although we don't have all the answers to the prob
lems that face cyclists, it is clear that efforts to make cities 
more bicycle-friendly must be taken from several fronts. These 
include modifying the existing roadway system, improving the 
skill levels of cyclists, making motorists more bicycle-friendly, 
and creating bicycle-friendly traffic laws. 

·Publication of this paper sponsored by Committee on Bicycling and 
Bicycle Facilities. 
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