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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; 
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• 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 
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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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