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ABSTRACT
Urban Transport Project Prioritization Strategy in Developing Countries: A ScenarioBased Multi-Criteria Decision Analysis Perspective
Muqing Liu

Given unprecedented levels of urbanization and motorization in developing countries and
deteriorating infrastructure in developed countries, cities around the world have been
facing the enormous challenge of delivering sustainable forms of infrastructure with fewer
resources. In the developing world, the challenges in urban infrastructure investment
become even more daunting as manifested by the staggering size of infrastructure funding
gap. $1 trillion per annum over the period by 2020 is required by developing countries to
meet the demand of rapid urbanization and to address the backlogs and deficiencies for
infrastructure facilities (World Bank 2013). Therefore, prioritizing projects at the system
level based on transparent and evidenced-based decision-making processes has emerged as
one of the most promising ways to bridge such enormous funding gaps, especially for
developing countries.

Nevertheless, effective prioritization of infrastructure projects is hindered by a series of
constraints including institutionalized inefficiency, inadequate data obstructing decision
making, insufficient coordination among various stakeholders, lack of public consultation,
lack of technical capacity for project evaluation and prioritization, and lack of
consideration of possible alternatives in the infrastructure planning. Although there has
been considerable discussion regarding the shortcomings of contemporary metropolitan

transportation planning, there has been little effort to develop a strategy for prioritizing
urban transport projects in developing countries. This calls for a new approach to
addressing the above-mentioned issues.

This thesis first presents the current status and general characteristics of urban transport
decision-making in developed and developing countries alike. It then provides a
comprehensive literature review on the evolution and application of scenario planning and
multi-criteria, specifically in the field of transportation projects prioritization and
transportation planning. As the main contribution of this research effort to current research,
a novel project prioritization framework – which incorporates scenario planning into multicriteria decision analysis (MCDA) for prioritizing urban transport projects – is proposed to
support sustainable urban transport development, through the efficient use of existing
project evaluation information and emergent scenario of various stakeholder’s input. Such
integration of scenario planning and MCDA provides a balanced view of both the analytical
and intuitive components of the decision-making process and allow comparisons between
different roles of various stakeholders.

The framework is then applied to set priorities for nine recent urban transport projects
constructed within a two-year framework in the Tianjin Binhai New Area, China. In
addition, a case study on World Bank’s infrastructure investment portfolio in China is also
conducted in which a selection of urban transport projects in eight different cities is ranked.
The results show that the proposed framework could serve as a consistent, robust and
comprehensive infrastructure project prioritization strategy that reconciles diverse

perspectives among stakeholders while introducing sustainability in urban transport
decision making and linking the prioritization process to the transportation planning that
precedes it.
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1 CHAPTER ONE:
Introduction
1.1 Background:
Given unprecedented growth of urbanization and motorization in the developing
countries and deteriorating infrastructure facilities in the developed countries, cities around
the world has been facing the enormous challenge of delivering more infrastructure service
in a sustainable manner with less available resources. It is estimated that the world needs
to invest $57 trillion in infrastructure from 2013 to 2030 to maintain current levels of
infrastructure service, and support projected economic growth worldwide (Dobbs 2013).
$1 trillion per annum over the period to 2020 is required by developing countries to meet
the demand of rapidly increased urban population and to address the backlogs and
deficiencies for infrastructure facilities (Moore and Kerr 2014; World Bank 2013). For
United States, the cumulative gap between projected needs and planned expenditure in
infrastructure system will total to 1.1 trillion by 2020 (Cullen 2013). To bridge such
enormous funding gaps, prioritizing projects at a system level based on transparent and
evidenced-based decision making process has emerged as one of the most promising ways
to reduce overall cost of infrastructure, ensure public accountability and avoid arbitrary
decisions, which could save $200 billion globally (Dobbs 2013).
However, effective prioritization of infrastructure projects are hindered by a series
of constraints, including inefficiency of institutional structures, lack of data to support
decision-making, inadequate coordination among various stakeholders, lack of public
consultation, lack of technical capacity for project programming, and lack of consideration
of possible alternatives in the infrastructure planning (Ziara et al. 2002). Zegras et al.
(2004) provided a brief review of criticism for urban transportation planning and concluded
1

three categories of major shortcomings, which consist of: (i) transferability of the
computerized modeling approach from one geographical location to another; (ii)
acceptability of the assumptions underlying transport forecasting outcomes; (iii)
subjectivity of the judgment used by transportation planning practitioners. In a review of
transportation project prioritization processes at the regional level in seven states in U.S.A.,
the three most common deficiencies in current practices are: (i) no apparent cost-benefit
analysis, cost-effectiveness or optimization approach; (ii) no ongoing scientific
measurement of effectiveness of investments; (iii) lack of process for multi-modal projects
(MPO 2005). Major challenges of setting priorities for infrastructure development in
developing countries include: (i) lack of systemic approach to deal with the competing
objectives among social, economic and environmental issues; (ii) lack of integration of
preferences, attitudes and organizational values of involved stakeholders; (ii) lack of public
participation, consultation and monitoring in the urban transport planning process; (iii) lack
of consistency of project prioritization strategies that lead to ad-hoc case-by-case decisionmaking process; (iv) lack of risk management to ensure the potential costs and benefits are
equitably allocated (Jones et al. 2013; Karvetski et al. 2009; Liu and Smith 2006).
1.2 Research Question:
At current time, with the wide selection and availability of quantitative tools, the
infrastructure project prioritization in most cases in U.S. are determined by a subjective
process that are based on prior commitments, the institutional planning and delivery
capability of the involved agencies and the funding availability (Sinha and Labi 2011).
The methodology and practices involving urban transportation project programming in
developing countries have not been examined comprehensively. The formulation of a
2

comprehensive and functional project prioritization framework demands the exploration of
the following research questions:


What challenges are urban transport institutions in developing and developed
countries are facing in terms of urban project prioritization?



What methodologies or practices have been adopted to identify priorities for
urban transport projects reflecting the objectives of national and municipal
infrastructure development strategies?



How should the developing countries strengthen their urban transport decisionmaking process to allocate the limited financial resources for the urban transport
investment where they would achieve the greatest impact?



How should the municipal government introduce the public participatory planning
approach into the transport project decision-making process to balance the
competing needs and concerns of various stakeholders?

These questions correlates with the development of a prioritization framework in cities
in developing countries with regards to strengthening the link between transport planning
and project programming, promoting sustainable development of urban transport and
incorporating public consultation into project decision-making process.
1.3 Organization of Dissertation:
This dissertation is structured into ten chapters. Chapter two reviews the definition and
scope of urban transportation planning and project programming. It depicts the overview
and evolution of urban transport project decision-making. Chapter three provides an
extensive literature review of the development and the current status of urban
transportation decision making in U.S. It also includes two case studies with regards to
3

transportation project prioritization strategies in two Metropolitan Planning Organizations
(MPO). Chapter four examines the role of multilateral development organizations in
financing urban transport investment in developing countries. It also explains the
institutional and political aspect of urban transport developing countries in developing
countries, with a detailed account of the challenges, policy options and institutional
framework in China.
Chapter five presents the literature review of the adoption scenario planning in
urban transportation planning. Chapter six describes the methodology of multi-criteria
decision analysis in urban transport projects. Chapter seven discusses the scenario-based
multi-criteria decision analysis prioritization framework proposed in this thesis and the
components of data collection process. Chapter eight presents the survey process
framework adopted in this thesis.
Chapter nine validates the proposed framework through two case studies in China.
The former is nine transport projects invested by the municipal government of Tianjin
Binhai New Area. The latter is urban transport projects in eight Chinese cities that are cofinanced by the World Bank and the corresponding municipalities. Chapter ten discusses
the conclusion and the future work.

4

2 CHAPTER TWO:
Urban Transport Project Decision Making
One of the reasons for urban transport to be an intriguing topic for generations of
scholars and practitioners, is that it is influenced by many non-transport sectors, namely
public health, finance, environmental protection, social development, economic growth
and land use. Notwithstanding, it also exerts significant impacts to those sectors. The
intricacy and complexity of the relationship between urban transport and the abovementioned issues make it impossible to isolate urban transport from other sectors that
influence building a sustainable and livable future for the mankind. Air pollution,
congestion, energy consumption and fatalities induced by road accident constitute the
common challenges that cities in most developing cities.
In many countries, the concept of transportation decision-making covers a broad
range of planning activities and the related technical analysis that occurs prior to the
construction phase of the project life cycle (figure 2.1). Many national and municipal
governments around the world are a lack of adequate funding resources and institutional
capacity to meet the projected growth in infrastructure demand. In U.S., it would take 370
years to double the road capacity as road traffic volume doubles every 28 years, whereas
in India 2 percent of the country’s road system carries 40 percent of the traffic demand
(Airoldi et al. 2010).
Therefore, the significance of improving transportation decision-making process
cannot be overstated. It is estimated that improving infrastructure project planning could
result in a saving of fifteen to twenty percent of total investment (Dobbs 2013). The key
characteristics of urban transport project decision making consist of: assessing the long5

range trends of the future context, undertaking analysis at different dimensions of the
analysis, incorporating opportunities for public consultation, developing a ranking order
for project implementation with limited resource available, and maintaining robustness and
flexibility in a comparative evaluation of alternatives (Meyer and Miller 2001).
This chapter first examines the two most important components of the urban
transport decision-making: transport planning and project programming. It then discusses
the basic elements of transportation project programming, which is the major theme of this
thesis. The common deficiencies and institutional barriers in urban transportation decisionmaking process are also examined in this chapter.

6

Figure 2.1 Transportation Decision Making Procedure Framework (Sinha and Labi 2011)

2.1 Definition and Scope of Transportation Decision Making:
Transportation decision-making process mainly consists of three components:
transport planning, transport project programming and financial analysis (Sinha and Labi
2011). The second component is the focus of this research. Nevertheless, it is noteworthy
to briefly explain the other two components in this section, especially the inter-relationship
between project programming and the rest of the transportation decision-making. As a key
component of transportation decision making process in the context of urban environment,
7

urban transportation planning is defined as the process of balancing the competing visions
of what the pertaining urban community want to be and how to translate the shared vision
into transportation system to enhance the community’s quality of life and improve the
performance level of the transportation system. A successful and comprehensive urban
transport planning process should encompass the following four critical elements: (i)
assessing the current status of the urban transportation system and socio-economic trends
such as projected population growth, expected economic growth and motorization – where
are we now; (ii) establishing goals, objectives and performance measures that are
representatives of all the stakeholders – where do we want to go; (iii) identifying
opportunities and limitations of the future to set priorities for long- and near-term
perspectives investment programs – how do we get there (Meyer and Miller 2001).
The major purpose of urban transportation planning is to provide objective and
useful inputs for decision makers to provide, operate and manage a functioning and
efficient transportation system that meets the accessibility and mobility needs of various
stakeholders, e.g., officials, business organization, system users, planners, community
organizations. In reality, transport planning is widely used to identify, screen and prioritize
projects at multiple levels, where detailed analysis can be conducted to determine candidate
projects at municipal level and national level based on different predetermined sets of
criteria (Jones et al. 2013).
Project prioritization, as an integral part of the transportation decision-making, is
also termed project programming (Meyer and Miller 2001). It is defined as “the matching
of available projects with available funds to accomplish the goals of a given period”
(Campbell and Humphrey 1988).There are three major aspects that are of great importance
8

in the urban transport programming, including resource availability, resource distribution,
and the staging of projects over time. In general, project programming needs to address the
issues of project funding and scheduling (Jones et al. 2013). To be more specific, project
programming needs to answer the following three questions: (i) how much the resource
will be available to fund projects as they progress through project plan, design, construction
and maintenance phase; (ii) how the available funding distribute among different project
types, transport modes, and political jurisdiction; (iii) how the geographical and temporal
interdependencies are arranged among projects (Meyer and Miller 2001). It is inexorable
that transportation programming succumbs to the influence of politics as the trade-offs are
made between the technical information and political and policy factors (Neumann 1997).
Another good example of transportation programming process is illustrated in
Figure 2.2, proposed by Sinha and Labi (2011). The focus is not only on the sequence of
the elements in the decision making, but also on the critical relationships between the
transportation project planning, programming and financial analysis and how these three
components should be interconnected to each other to achieve the objectives of all the
stakeholders. The ISTEA of 1991, TEA-21 of 1998 and SAFETEA-LU of 2005 all
demanded specific requirements for establishing and strengthening such linkages.

9

Figure 2.2 Transportation Programming Process and Its Relationship with Other Functions
(Sinha and Labi 2011, Page 500)

2.2 Basic Elements of Urban Transport Project Prioritization:
The overall development of transportation projects is regarded consisting of five
phases: network-level

planning, individual project development,

network-level

programming, network-level budgeting and network-level finance planning (Sinha and
Labi 2011). In the first phase, network-level planning comprises: (i) assessing the current
10

transportation infrastructure inventory and its conditions; (ii) analyzing the underlying
socio-economic trends on which the transportation planning are based, e.g., population,
employment, land-use and travel pattern of residents in the project area; (iii) proposing and
evaluating alternative projects or policies. In the second phase, the project development
process is defined as a series of project-level activities that span over planning, design,
construction, management, operation, and maintenance of individual transportation facility
(Mickelson 1998; Sinha and Labi 2011). The third phase focuses on the activities related
to when and where to carry out the projects specified in the first two phases. The last two
phases comprise the reconciliation of what work needs to be done and the available
resources and the corresponding financial arrangements.
Neumann (1997) states that there are essentially nine basic elements in an
overarching transportation project development process, consisting of (i) objective and
program policies setting, (ii) program performance metrics setting in terms of cost, benefits
and system performance, (iii) system deficiencies and alternative identification, (iv) project
evaluation with consistent criteria; (v) assessment of available funding for future project
improvement, maintenance and preservation; (vi) gap and backlog analysis; (vii) priority
setting that reflects the objectives of constituent geographical units, types of work, agency
goals, and realistic project budgets and schedules; (viii) program trade-offs evaluation to
determine the levels of resource allocation among program areas and project types; (ix)
monitor and feedback to make adjustments to address identified issues in time delays and
scope (Neumann 1997).
Among all the various phases and activities in project development process, project
prioritization – which is referred as project programming in the transportation planning
11

community – is the focus of this thesis. Project Programming is defined as “the progress
of selecting projects for funding, identifying funding resources and scheduling
implementation” (Bond et al. 2013). Compared to transportation planning, programming
emphasizes in setting project priorities and matching planned projects with available funds.
Such prioritization progress in the project programming phase can be highly analytical and
quantitative, which is based on the results of project evaluation and forecasting in the
project planning phase. Nevertheless, it is also strongly influenced by political power and
perspectives of various stakeholders.
(Meyer and Miller 2001) suggest that in terms of urban transport programming,
three important factors should be kept in mind while developing or updating a
transportation program, including the linkage between planning and programming, public
involvement, the fiscal constraint of transportation investment. Other key elements of
urban transport prioritization process also include: (i) establishing program goals and
objectives consistent with the current program investment plan; (ii) setting performance
monitoring indicators to track progress of program implementation with regards to
performance, costs and benefits; (iii) identifying alternative solutions or projects to address
the deficiencies of the public transport service; (iv) evaluating projects based on a
structured set of criteria to select the preferred alternative; (v) setting priorities for each
program area based on the outcome of project evaluation that reflects the interests of all
involved stakeholders (Meyer and Miller 2001).
Sinha and Labi (2011) presents a more elaborated definition of transportation
programming, which is defined as “the process of selecting and scheduling facility and/or
rolling stock preservation, improvement, and replacement projects for a transportation
12

network over a period of time”. There are three key elements that qualify an eligible
programming process, including the linkage between available funds to needed projects,
reflecting the strategic goals and objectives that represent the needs of community and the
transportation agencies involved, and the investment strategies over a multi-year planning
horizon (Sinha and Labi 2011). In addition, there are five potential roles that project
development process can serve to meet the need of providing a time schedule for
prioritizing various transportation interventions to allocate budget and other resources
more effectively. The first role is to make optimal investment decisions by making use of
various optimization tools and methods for resource allocation. As cited in (Sinha and Labi
2011), the most common approach is through the establishment of consensus of rational,
appropriate, measurable, dimensional, realistic, defensible and forecastable metrics
(Systematics and Officials 2000; Turner et al. 1996). The second objective is to emphasize
on the trade-offs consideration by selecting a balanced mix of projects and using data to
support such analysis. The state-of-the-arts techniques that are widely used for choosing
the best alternatives consist of utility functions, ranking and rating method, maximum
approach, impact index, pairwise comparison, mathematical programming and outranking
methods (Sinha and Labi 2011). The details of the methods will be discussed in Chapter
3.2 and Chapter 5.3. The third role is again the linkage to the fiscal constraint of the public
entities and agencies. For most developing countries, three sources of funding for capital
projects include external funding from higher levels of governments collected through
general revenues or multilateral development organizations, internal resources that can be
leveraged to attract external funding, and non-traditional financing using bonding, user fees
and private-sector leasing. The fourth role is to improve the efficiency in project delivery
13

in addition to the compliance of fiscal restraints and statutory requirements. Project
scheduling within the programming period and limitation of management capacity are two
major concerns for any consideration in this role. Last but not the least, the fifth role is
monitoring and putting in place the feedback loop to facilitate accountability and perform
ex-post implementation evaluation through continuously tracking cost, time and level of
service, as stipulated in SAFETEA-LU (Sinha and Labi 2011).
2.3 Common Deficiencies and Institutional Barriers in Urban Transport
Project Prioritization
Project prioritization process is a routine practice in most of the urban
transportation planning organization in U.S. Hitherto it varies greatly from one
metropolitan area to another in terms of complexity, scope and disclosure (Meyer and
Miller 2001; Trigueros 2008). Particularly in the context of urban transport project
prioritization, the common deficiencies include - but not limited to – the following issues:
(i) lack of standard practices to analytically structure the priority-setting process among
both planners and decision makers; (ii) lack of a comprehensive prioritization framework
that results in current fragmented, disjointed and piecemeal approach with
excessive/unrealistic priority objectives; (iii) lack of disclosure and transparency of the
prioritization methodology among most involved agencies; (iv) lack of defining priorities
preemptively with the focus on the needs of the target region (Trigueros 2008).
Moreover, the institutional barriers to effective urban transport project making
process consist of: (i) lack of recognition of the importance of decision-making institutions;
(ii) over-dependency on strong political leadership to steer through implementation; (iii)

14

lack of institutional momentum and continuity to function in a logical framework (Curtis
2012; Meyer and Miller 2001).
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3 CHAPTER THREE:
Urban Transport Decision Making in Developed Countries
This chapter will first explore the urban transportation decision making in U.S. as
a benchmark for comparison to the one in developing countries, which will be discussed in
the next chapter. It will also examine the incremental development and the institutional
arrangement of the urban transportation decision-making process. The major law and
regulations regarding urban transportation prioritization process will be then reviewed.
Two urban project prioritization strategies in the North Central Texas and in the AlbanyRensselaer-Saratoga-Schenectady metropolitan area in New York State will be also
presented. In addition, the chapter will describe the urban transportation decision-making
process in other developed countries, with a focus on the project prioritization process.

3.1 Urban Transportation Decision Making in U.S.:
There are various versions of transportation decision-making in the current
literature. FHWA and FTA defines transportation decision making as a cooperative process
of identifying opportunities to enhance the accessibility and mobility of people and
business, which requires the involvement of all stakeholders of the transportation system
through a proactive and participative process conducted by Metropolitan Planning
Organization (MPO), state Department of Transportation (state DOT), and transit operators
(FHWA and FTA 2009; FHWA and FTA 2007). (Meyer and Miller 2001) defined
transportation planning as “the process of defining problems, identifying alternatives,
evaluating potential solutions and selecting preferred actions that meet community goals
in a manner that includes all feasible transportation modes”. In the specific context of urban
transportation planning, it is a MPO-led process of “examining travel and transportation
16

issues and needs in metropolitan areas”, which includes demographic analysis, traveling
pattern modeling, alternative projects evaluations (FHWA 2014).
The prevalent transportation planning process is illustrated in Figure 3.1, which
consists of six major steps – monitoring existing conditions, assessing future population
and employment growth, identifying existing urban transportation issues, developing longterm and short terms programs of alternative project investment strategies, assessing the
economic, social and environmental impacts of selected projects, and designing a financial
plan to secure funding for proposed projects (FHWA and FTA 2007).

Figure 3.1 Transportation Planning Process (Source: (FHWA and FTA 2007))

Five types of key documents are required to develop and approve in the
transportation planning process, consisting of the Unified Planning Work Program
(UPWP), the Metropolitan Transportation Plan (MTP) or Long-Range Transportation Plan
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(LRTP), Transportation Improvement Program (TIP), the State Planning and Research
Program (SPR), the Long-Range Statewide Transportation Plan (LRSTP). Based on the
affected areas of the planning process, there are two categories of the above-mentioned
planning documents: the metropolitan planning documents and the statewide planning
documents. The former consists of UPWP, MTP and TIP, which are developed and
approved by MPOs (in the case of TIP, it required approval from Governor). The latter is
composed of LRSTP and STIP produced by the state DOT. Figure 3.2 illustrated other key
properties of the planning documents (FHWA and FTA 2007).

Figure 3.2 Key Planning Documents (Source: (FHWA and FTA 2007))

FHWA specifically requires fourteen major policy and planning issues for MPOs
and states to engage in the urban transportation decision making process, including: air
quality, Congestion Management Process (CMP), financial planning and programming,
freight movement, land use and transportation, performance measures, planning and
environment linkages, public involvement, safety and security, System Management and
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Operations (M&O), technology application for planning, title VI/Environmental Justice,
transportation asset management (FHWA and FTA 2007).

3.1.1 Development of Urban Transportation Decision Making in U.S.
Since the passage of Federal-Aid Highway Act of 1962 that created the designation
of mandate for urban transportation planning in U.S., the planning process and planning
techniques has evolved considerably over the years as new issues, conditions and factors
arose in the composition of changing population characteristics, the rebirth of metropolitan
economy, new societal and environmental concerns, enhanced technological capacity of
the planning, changing institutional environment, increasing linkage to other policy goals,
more decentralized mix of transportation strategies, and evolving financial structure for
transportation projects (Gifford 2003; Meyer and Miller 2001). Those evolving
externalities that captured and reflected in a series of federal and state-level legislation, as
described in section 3.1.2, have strongly affected the institutional environment for
transportation planning and will continually exert great influence on the ever-changing
landscape of the urban transportation planning in the future. Compared to fifty years ago,
current urban transportation planning process tend to be more inclusive, sophisticated,
complex and complex (Weiner 1999).
3.1.2 Institutional Arrangement of Urban Transportation Decision Making
There are five levels of governmental organizations involving in transportation
decision-making in U.S., including U.S. Department of Transportation (USDOT), State
Departments of Transportation (State DOTs), Metropolitan Planning Organizations
(MPOs), other federal agencies, local governments and transit agencies. In the following,
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the basic characteristics of each of the institutions are briefly revisited to lay the foundation
for further analysis in this chapter.
USDOT is the overarching organization that regulates the transportation planning
and project activities, provides advice and training, contributes critical funding, approves
program of projects funded by federal funding or any project that is regionally significant,
regardless of the source of funding. State DOTs are the largest units of governments, which
undertake the planning and development of transportation plans. They are also responsible
for setting the objectives and goals for their respective regions (FHWA and FTA 2009).
State DOTs collaborate closely with regional governments, USDOT and interested parties,
which is defined by federal governments as “citizens, affected public agencies,
representatives of public transportation employees, freight shippers, providers of freight
transportation services, private providers of transportation, representatives of users of
public transportation, representatives of users of pedestrian walkways and bicycle
transportation facilities, representatives of the disabled , and other interested parties” (23
U.S.C. 134 and 135, 49 U.S.C. 5304).
Local government and transit agencies are also actively involved in carrying out
transportation planning functions and providing public transit services, such as scheduling
improvement, road facilities maintenance, and operation of various transit modes. Such
local government agencies can include transportation enforcement agencies, social service
agencies, regional/city planning departments, public work agencies, special authorities that
administer transportation related matters (Meyer and Miller 2001).
MPOs is required by federal regulations to be established in every urbanized area
with over 50,000 population. In many cases, MPO is responsible for the following five core
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functions: (i) ensuring a competitive environment for effective multimodal decision
making; (ii) developing long-range transportation performance program to provide
mobility and accessibility for goods and people, transport system operation and
preservation, and quality of life; (iii) evaluate transportation project alternatives; (iv)
carrying out implementation programs designed to achieve all the planned goals; (v)
promoting public consultation and involvement program to respond to concerns and
readdress grievance (FHWA and FTA 2007; Meyer and Miller 2001). Among those
functions, the most important one of MPO is to develop a 20-year regional transportation
plan and to update such plan every 3 to 5 years (Zegras et al. 2004). MPO was required by
the Intermodal Surface Transportation Efficiency Act of 1991 to develop a Transportation
Improvement Program (TIP), which has to be consulted by the general public, approved
by the governor and updated at least every two years.
In addition to MPOs and the two federal agencies that are directly involved in urban
transportation planning, other federal and local agencies also have important influence over
the decision making process in U.S. A diverse set of federal agencies include U.S. Federal
Transit Administration that provides technical and financial assistance to urban transit
programs, US Department of Labor (DOL) that certifies protection arrangement for urban
transit workers before the release of federal transit funds, the Office of Management and
Budget (OMB) that makes appropriation to USDOT, Council on Environmental Quality
(CEQ) that addresses the environmental concerns of the project decision through the
provision of the project development and decision making process, Department of Health
and Human Service (HHS) that integrates people with disabilities into existing
transportation system by the provision of paratransit requirements on public and human
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services transportation, Department of Commerce that provides guidance for reviewing,
updating and implementing the transportation element of local community, Department of
Energy (DOE) that assesses the energy and Green House Gas impacts of transportation
planning, Department of Interior (DOI) that is responsible for estimating the demand for
alternative transportation by providing buses, ferries, bicycle and pedestrian infrastructure
(Andersen 2012; Department of Labor 2010; Federal Transit Administration 2011; FHWA
2014; Porter et al. 2013; Simon 1997; USDOT 2013; Weiner 1999).
Given the complex structure and the number of organizations involved in the urban
transportation planning and decision-making processes, it is common to encounter
institutional barriers in project planning, design and implementation. Such barriers could
be found in the categories of organizational constraints, resource limitations and interjurisdictional issues (Meyer and Miller 2001; Winn 1995).
3.1.3 Law and Regulations Pertaining Urban Transportation Decision
Making
Few would disagree that the laws and regulations have played a pivotal roles in
shaping the past, present and future of the urban transportation decision making process in
U.S. Figure 2.1 in below is the chronology of historical developments in federal legislation
related to the urban transportation planning and programming in U.S. (Sinha and Labi
2011). In particular, there are three laws that have a significant and lasting impact on the
U.S. transportation decision-making process, i.e., the Intermodal Surface Transportation
Efficiency Act (ISTEA) of 1991, the Transportation Equity Act of the 21st Century (TEA21) of 1998 and the Safe, Accountable, Flexible, Efficient Transportation Equity Act
(SAFETEA-LU) of 2005.
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Figure 3.3 Historical Development of Federal Legislation Related to the Transportation
Project Development Process (Source: Sinha and Labi 2011)

Prior to the enactment of ISTEA, U.S. interstate and urban transportation system
had suffered several drawbacks, e.g. the shortage and flexibility of financial resources to
continually support post-interstate system, the lack of flexibility and authorization of local
agencies in programming transportation projects, criteria for new rail transit system
(Weiner 1999). To address these issues, ISTEA was promulgated in December 1991, which
authorized $151 billion over 6 years for surface transportation, highway safety, mass
transit, motor carrier safety and research (States 1991). The ISTEA was the first federal
transportation legislation in the post-interstate era. The Surface Transportation Program
(STP) was set up to provide the much-needed fiscal flexibility to fund different types of
transportation projects, by making funds available for safe construction activities,
transportation enhancement and the statewide allocation. Another highlight of the ISTEA
is the incorporation of intermodal issues into transportation planning process, which aims
to facilitate the connection between different modes of travel for freight and people.
Moreover, ISTEA strengthened the metropolitan planning process by providing flexibility
to state, regional and local planning organizations, while requiring MPOs and states to
adopt specific planning factors in their transportation planning processes and placing them
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under new obligations to public dialogue and input (Gifford 2003; States 1991; Weiner
1999). More specifically, state transportation planning agencies were required to take into
consideration of twenty interrelated planning factors in the development of Statewide
Transportation Improvement Program (STIP), whereas the number of factors for MPOs to
consider in the Transportation Improvement Program (TIP) was fifteen, including land use
and development plans, system performance and preservation, quality of life and mobility
and accessibility for people and process (Meyer and Miller 2001; States 1991).
Built on the successful roll-out of ISTEA, TEA-21 was enacted on June 1998 with
the support of a board collation of nearly forty auto-industry associations and lobby groups,
including the Chamber of Commerce, American Road and Transportation Builders
Associations and Transportation Builders Association (Gifford 2003; Stone 1997).
Although TEA-21 inherited similar legislation structures from ISTEA, there are two
significant changes included in TEA-21 (Weiner 1999). The first one is a continuation and
expansion of the environmental protection programs through guaranteed and increased
funding. Such programs include the transportation enhancement programs initiated by
ISTEA, natural habitat mitigation program, the Transportation and Community and System
Preservation Pilot program (Congress 1998). Another significant change was the
consolidation of various planning factors stipulated in ISTEA in into seven broad areas to
streamline the metropolitan and statewide transportation planning processes. Those areas
include: (i) supporting for economic vitality of the project regions by improving global
competitiveness, efficiency and productivity; (ii) increasing road safety and security for
the transportation system users; (iii) providing mobility and accessibility for people and
freight; (iv) enabling environmental protection by improving quality of life and energy
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conservation; (v) enhancing the integration and connectivity of the multi-modal
transportation system; (vi) facilitating efficient system management and operation; (vii)
improving the maintenance of existing infrastructure through resurfacing, restoration,
rehabilitation and reconstruction programs (Congress 1998; Meyer and Miller 2001; North
Central Texas Council of Governments 2005; Weiner 1999). Moreover, other highlights of
the TEA-21 include public consultation, stakeholder participation and the integration of
the environmental process streamlining with the planning process (Meyer and Miller
2001).
SAFETEA-LU came into effect in July 2005 after TEA-21 was expired in
September 2003. Despite the fact that it fell short of the expectation of higher total level of
funding, SAFETEA-LU had provided $286.4 billion over 6 years for the nation’s
transportation projects with the focus on environmental protection and pollution abatement
to minimize the environmental impact of the transportation projects, accounting for 30%
more than the TEA-21 total funding levels (Weiner 1999). Also included is a series of
provisions aimed at reducing traffic congestion, which will save time and fuel and allow
more predictable and consistent travel times. Another highlight of SAFETEA-LU
regarding transportation decision-making is its effort to further improve metropolitan and
statewide transportation planning process. States and MPOs are required to consult with
“State and local agencies responsible for land use management, natural resources,
environmental protection, conservation and historic preservation” (Simon 1997; Weiner
1999). It is required by SAFETY-LU for states and MPOs to employ visualization
techniques such as interactive GIS systems, GIS-based scenario planning tools and
computer simulation to strength public participation and improve communication in the
25

planning and project delivery process (Safe and Flexible 2007; Weiner 1999). Compared
to the planning process in TEA-21, the metropolitan planning process was required to be
consistent with state and local economic development and growth activities. New planning
factors, such as public participation plan and operational and management strategies to
improve road safety and alleviate traffic congestion, are also required to be included in
SAFETY-LU (Safe and Flexible 2007).
3.2 Good Practices in Urban Transportation Project Prioritization in U.S.
In U.S., a variety of project programming processes have been used by MPOs to
set priority for project implementation (Bond et al. 2013; Meyer and Miller 2001; MPO
2005; Sinha and Labi 2011). Two case studies from MPOs, which are required by federal
and state legislation to develop systematic grading systems to assign a priority rating to
urban transport projects, are presented in this section.
3.2.1 Transportation Project Prioritization Strategy at the North Central
Texas Council of Governments
The North Central Texas Council of Governments (NCTCOG) is the MPO for the
Dallas-Fort Worth metropolitan area, which covers 16 counties, 163 cities and 27 special
districts in north central Texas, with the total population of 6.4 million in the region (Bond
et al. 2013; North Central Texas Council of Governments 2005). Prior to ISTEA, transit
projects in the Dallas-Fort Worth area were ranked by the federal allocation formula based
on service and demographic criteria, whereas roadway projects were selected based on a
sole cost-effectiveness index.
Since the enactment of ISTEA, NCTCOG has adopted different project evaluation
criteria and screening processes (North Central Texas Council of Governments 2010). In
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its 1992 and 1994 call for projects, the selection criteria mainly consist of costeffectiveness, congestion reduction, intermodal/multimodal/social mobility benefits for
two types of funding – Congestion Mitigation and Air Quality Improvement Program
(CMAQ) or Surface Transportation Program – Metropolitan Mobility (STP-MM) funding,
as illustrated in figure 3.4. Such categorization of the project criteria was also similar to
ones employed in the 1999 Call for Project, as shown in figure 3.4. The details of the
evaluation methodology, such as the value of time for all project types and the capital
recovery factor, are provided in figure 3.5. The passage of other federal legislation, such
as the Clean Air Act Amendments of 1990 (CAAA) and the Americans with Disabilities
Act of 1991 (ADA), also authorized NCTCOG to develop targeted project prioritization
criteria for different funding initiative.
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Figure 3.4 Selection Criteria and the weighting value in 1992 and 1994 Call for Project,
above left, and in 1999 call for Project. (Source: North Central Texas Council of
Governments 2010)

Figure 3.5 Project Evaluation Methodology in 1992 & 1994 Calls for Projects (Source: North
Central Texas Council of Governments 2010)

As NCTCOG has collaborated more closely with the Regional Transportation
Council (RTC) and other regional partners, the project prioritization criteria have
undergone significant changes as well. In 2002, types of funding initiative ceased to be part
of the project evaluation criteria anymore. As the transportation project funding has
decreased and the emphasis on public and local elected official involvement has
heightened, a new set of prioritization factors were established, including air quality, costeffectiveness, regional innovation, inter-modalism, safety and financial commitment. The
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project selection and prioritization process has transformed from technical-oriented to
more rational and rigorous in a sense that the candidate projects were filtered through sets
of eligibility screen, strategic screen and technical screen correspondingly (Figure 3.4).
The projects that met all the criteria would be funded on a competitive basis.

Figure 3.6 Transit Projects Evaluation Methodology and Definition (Source: North Central
Texas Council of Governments 2010)

3.2.2 Transportation Project Prioritization Strategy at the Capital District
Transportation Committee:
Capital District Transportation Committee (CDTC) is the authorized metropolitan
planning

organization

(MPO)

for

the

Albany-Rensselaer-Saratoga-Schenectady

metropolitan area in New York State. CDTC has representatives from four counties, eight
cities, and one town, with a population of over 800,000 people (FHWA 2011). Like all the
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other MPOs, the CDTC is responsible for the transportation programming process in which
projects are selected and prioritized for inclusion in Transportation Information Program
(TIP), which mainly consists of identification of candidate projects, evaluation of the
merits of each project and selection of projects in accordance with the principles set by
CDTC, the Capital District Transportation Authority (CDTA), the New York State
Department of Transportation (NYSDOT) and other interested parties (FHWA 2011).
To be more specific, there are three steps for any new candidate projects to be
included in the TIP – screening, merit evaluation, project programming. First of all, in the
project screening step, each project is required to meet all the screening criteria that are
consistent with SAFETEA-LU, long-range Regional Transportation Plan (RTP), and other
local plans. The Project Justification Package is required to be completed by Project
sponsors who are responsible for the implementation. In this way, essential project
information such as project-related traffic, transit, land use and other information can be
collect and utilize as input by the CDTC to project selection and prioritization.
Second, those projects passing the screening test are categorized into seven project
types for further evaluation, consisting of bridge, pavement, transit support, safety, bicycle
and pedestrian, community compatibility, and mobility and congestion relief. A uniformed
project information form (Figure 3.5) is used to present project information to decision
makers for calculating five measures of project benefits, including safety benefits, travel
time savings, energy and user cost savings, life-cycle cost savings, and other benefits that
may affect system-level measures (The Capital District Transportation Committee 2013).
The third step follows CDTC’s Systematic Evaluation and Planning (STEP) model
to allocate limited federal transportation funding to the optimal arrays of the projects that
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maximize the benefits to the entire regional transportation system. There are three rounds
of project programming that involves three filters – benefit/cost ratio, functional
classification and priority network score. In round one, benefit/cost ratios are used as the
primary metric to rank projects in a descending order. To pass the filter of functional
classification, the candidate project receive passing status if the project is on the National
Highway System or on the principal arterial network. In addition, candidate project is
assigned a priority network score for being on a relevant priority network with features that
aim to achieve the goals and principles of the long-range RTP. In round two, any project
from any category is considered for equal opportunity of funding. In round three, priority
is given to the projects that receive strong public and political support (Meyer and Miller
2001; The Capital District Transportation Committee 2013).
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Figure 3.7 Project Evaluation Fact Sheet for Project Prioritization in CDTC (Source: (The
Capital District Transportation Committee 2013))
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4 CHAPTER FOUR:
Urban Transport Decision Making in Developing Countries
As the engine of social and economic development, urban transport serves to
provide the accessibility and mobility for the cities in the world to survive and thrive. In
most developing countries, at least 50 percent of the gross national product (GNP)
attributes to economic activities occurred in cities, which budget 15 to 25 percent of their
annual expenditure to the urban transport systems. The rapid growth of urban population,
expanding at more than 6 percent per year in most developing countries, put a strain on the
urban transportation system as well (Gwilliam 2002). The global urban population exceeds
the rural population in 2007 for the first time in history, and such trend is likely to continue
for years to come, as illustrated in figure 4.1.

Figure 4.1 Rural and Urban Population in the World, Source: (United Nations 2014)

Many rapidly growing cities in developing countries seem to follow a familiar
pattern of the earlier growth of the most industrial countries in two fronts. First, the growth
of motor vehicle ownership has outstripped the urbanization process with annual growth
rates of 15 to 20 percent. Second, the inadequacy of urban land space designated to urban
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infrastructure is prevalent in many developing countries. Compared to the 20 to 30 percent
of the urban land space in U.S devoted to road rights-of-way, the road network in Asian
cities only account for 10 to 12 percent (Gwilliam 2002). As a result, such unstainable
urban transport development pattern has incurred significant social, environmental and
economic cost at the expense of the most disadvantaged group in the developing countries.
In major developing cities, urban transport is estimated to contribute up to 69 percent of
PM2.5 concentration, 98 percent of total CO emissions, and 85 percent of NOx emissions
(Dora et al. 2011). The economic cost of air pollution exacerbated by motorization have
been projected to reach 2 percent of the gross domestic product in many countries
(Gwilliam 2002). Globally, transport-related air pollution and road traffic accidents cause
1.2 million and 1.3 million death respectively, in which a majority of victims are nonmotorized travelers (UNEP/WHO 2009).
Compared to the urban transport project decision making in developed countries
discussed in chapter 3, most of the cities in developing countries face more intractable

challenges in the urban transport sector and other urban development, given their limited
financial resources and inadequate institutional capacity. This chapter first examines the
role of multi-lateral development organizations in urban transport projects. It then
discussed the institutional and political aspect of transport decision-making process. The
issues, challenges and policy options within the urban transport sector in China and other
major economies are also discussed in this chapter.
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4.1 The Role of Multilateral Development Organizations in Urban Transport
Projects:
The World Bank has been actively involved in urban transport since 1972. As the
world of today has been dramatically different from forty years ago, the context in which
the issues of urban transportation planning are considered has changed in significant
respects as well. Therefore, the focus of the Bank’s strategies in the urban transport sector
have inevitability evolved over the course of time. In 1986, the Bank’s strategy (Bank
1987) emphases three principles, i.e., economic viability, financial viability and efficiency,
to guide the development of urban transport policies through managing demand for road
use, improving efficiency of traffic management, maximizing the utilization of existing
facilities and redefining the role of government. In 1996, the focus shifted to emphasize on
economic and financial, environmental and social sustainability in the transport sector
(Gwilliam and Shalizi 1996). Moreover, more attention were drawn into championing a
market-based approach to maintaining a competitive, sustainable, well-functioning
transport system in the developing countries. It argued that the role of government should
transform from custodian and service supplier into an enabler of completion and steward
of public interests, especially for the socially disadvantaged groups in the society.
The primary objective have not changed until today, which is to help developing
countries in delivering efficient and equitable provision of urban services. There are three
types of urban transport projects that World Bank has been traditionally focusing on:
infrastructure investment, regulatory or economic reform and traffic or travel demand
management (Boarnet 2007). In the context of project priority setting, program categories,
feasibilities and corridor studies are all perceived as key elements on which the priority
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setting and program development are based (Talvitie 2000). Network-level “minimum
transport cost model” have been developed to encourage trade-off analysis between facility
rehabilitation projects and road development investments (Csicsely-Tarpay et al. 1996;
Talvitie 2000; Thompson et al. 1987).
World Bank has invested in road and transportation sector in China since 1987. The
first transportation project World Bank ever invested in China is in Gansu Province. The
accumulated investment amount reached $200 USD in 2005. After 2005, none of the
highway projects had been approved (Figure 4.1).

Figure 4.2 World Bank Highway Transportation Project Operations by Fiscal Year (Source:
World Bank 2014)

It is observed that there is an apparent shift of investment interests from inter-city
highway projects to urban transport interests. In 2003, World Bank provided funding for
an urban transport project in Tianjin, China, with a total lending amount of $150 million.
This project was the first one in the urban transport sector in World Bank’s project
portfolio. The objective of the project was to design and implement physical and institution
interventions that would facilitate an efficient and inclusive transportation systems (States
1991). To date, the total lending amount of World Bank investment in the urban transport
sector has reached $570 USD as illustrated in figure 4.2 (Stone 1997).
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Figure 4.3 World Bank Urban Transport Project Operations by Fiscal Year (Stone 1997)

The value that the World Bank brings to China’s urban transport sector has been
significant and well-documented (Bank 2014; Kumar and Agarwal 2013; Liu and Smith
2006; World Bank 2004). Drawing upon its rich investment experience in urban transport
projects in China, the value addition is reflected in the following nine aspects (World Bank
2010). First, its investment has facilitated Chinese cities to transcend from currently
localized practices to the multi-modal integrated strategies that are evidence-based and
data-driven. Second, it promotes the establishment of functional road hierarchy with the
emphasis on the construction, maintenance and traffic management of secondary and
tertiary roads. Third, the importance of good coordination and communication are
heightened through the institutional arrangement of Project Management Office (PMO),
which is responsible for the managing and coordinating the project implementation. Fourth,
the use of economic analysis in the project design and the compliance of environmental
and social safeguard policy has greatly influenced the project evaluation and appraisal
process in China. Fifth, many project cities in China has benefited from the World Bank’s
procurement and financial management practice, which significantly improves the
efficiency of the operation and prevents the unethical practices that are not uncommon in
the developing countries. Sixth, the relentless focus on NMT user and socially
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disadvantaged group in the project appraisal and supervision process has supported China
to move towards a more inclusive society with greater accessibility and mobility for all
members of the society. Seventh, World Bank set a great example for China to ensure the
high living standards and satisfaction of displaced residents during the project relocation
process. Eighth, World Bank urban traffic management trademark interventions to improve
road safety for pedestrian and cyclists, encompass mid-block pedestrian signals, junction
channelization, signal phasing and safe cycle lane barriers. Last but not the least, World
Bank focus to promote three public transport priority interventions that are proven to be
very effective in Chinese cities, namely upgrade and construction of bus depots and
terminals, adoption of intelligent transport system (ITS) for dispatching vehicle and
disseminating passenger information, introducing private bus service provider to the urban
bus sector to facilitate competition and improve service level to the bus riders (World Bank
2004).
World Bank’s experience in financing urban transport projects in developing
countries suggests that there are an array of value that multilateral development bank could
contribute to developing a safe, efficient, sustainable and inclusive urban transport system
with the developing countries. Those value include: (i) promoting multi-modal integrated
strategies to transform the cities from investing urban roads to urban transport system; (ii)
developing a functional urban road hierarchy that is commensurate with the local socialeconomic conditions; (iii) focusing on the secondary and tertiary roads in the urban road
networks to provide the accessibility for all road users, with the emphasis on the NMT
travelers and socially disadvantages groups; (iv) institutionalizing collaboration between
various stakeholders’ agencies in a sustainable manner, especially the relationship between
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traffic enforcement agency and the infrastructure construction agencies; (v) upholding high
standards of environmental and social safeguards policies combined with rigorous
economic analysis to justify and guide project design; (vi) introducing state-of-the-art
environmental mitigation measures and high-standard involuntary resettlement policies to
improve the living condition of the project affected people; (vii) reducing traffic accident
fatalities through the implementation of advanced urban traffic management, such as midblock pedestrian signals, cycle-lane barriers, signal phasing, and junction channelization;
(viii) prioritizing the role of bus in the urban transit system by providing technical
assistance to bus rapid transport, construction of bus depots and terminals, installation of
dispatching and passenger information system, and institutional and regulatory reform in
urban bus operation and maintenance (World Bank 2010).

4.2 Institutional and Political Aspect of Urban Transport Decision Making in
Developing Countries:
Dotson (2011) argues that there are three prerequisites for any effective urban
transportation infrastructure and services: a high level of political support, well-functioning
institutions and sustainable financing (Dimitriou and Gakenheimer 2011). Three essential
roles for any government, developing and developed alike, to have beneficial impacts on
urban transport decision-making are the provision of public transport, infrastructure, and
regulation (Kumar and Agarwal 2013). In the context of developing countries, it cannot be
overemphasized the need to address the issues of institutional and political aspect of urban
transport as the natures of urban transport are diverse, the challenges are immense and
institutional capacities are inadequate in the developing countries.
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Van de Velde (1999) emphasizes the need for performing three levels of functions
in the delivery of any service: the strategic level, the tactical level, and the operational
level. It helps the decision makers to achieve their objectives by providing the answers of
“what to achieve”, “what product can help to achieve”, “how to produce that product” (Van
de Velde 1999). Based on this approach, a similar functional framework for managing
urban mobility in developing countries was proposed in the following to illustrate three
levels of functionalities for the local level and municipal governments. At the highest level
involve the strategic functions such as policy formulation and capital financing. The
National government should provide technical assistance for policy formulation and longterm planning if the local governments lack in-house technical capacity. Public transport
service planning, regulation, and infrastructure planning are at the second level, where local
government should take the lead in carrying out the majority of the functions. Public
Transport Operations and infrastructure construction and management are placed at the
third level, where the local government should be solely relied on (World Bank Institute,
2011). As the notion of decentralization to transfer the administration of urban transport
functions from national government to local government is gaining tractions in developing
countries, questions were raised regarding where the “boundary line” lies in differentiating
the roles of national government and regional/local government and if there exist an ideal
and universal institutional model that fits all the political and administrative environment
of any city and any country. In this chapter, the institutional arrangement of urban transport
in different developing countries will be reviewed, and the assessment of major challenges
will be provided.
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Figure 4.4 Well-functioned Urban Transport Institutes (Adapted from (Kumar and Agarwal
2013))

As indicated in figure 4.4, the responsibilities of the national government for urban
transport generally consist of four major components: overarching regulatory and policy
framework; national planning and policy guidance; procedural and technical guidelines;
knowledge and best practice dissemination. In addition, the national government ought to
take advantage of economies of scale by catering the need of various stakeholder to
different cities. Meanwhile, the local governments play instrumental and decisive role in
the delivery of urban transport services through administration, planning, design,
implementation, regulation, financing, policy design and enforcement within local
government structure and judiciary.
With regards to political support, (Dimitriou and Gakenheimer 2011) suggest that
there are two categories of public officials that are instrumental in the process of designing
and implementing urban transport planning in developing countries. Political support is
regarded as the prerequisite of any effective and successful urban transport planning and
policy making. In most of the developing countries, ministerial ministers play a critical role
in creating an environment that fosters consistent and strong political support and
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leadership, by developing and promulgating new policies and plans and gaining approval
from legislation and administration branch of the government. At the local level, majors
with visions also play pivotal roles not only in urban transport policy and planning
decisions, but also in the integrating urban transport with key sectors such as land use
planning, environmental protection, road safety, budgeting and financing etc.
The driving force for successful transport system should be the existence of
capable, effective and responsive urban transport institutions that have the capacities and
resources to deliver and manage the comprehensive planning and execution of the urban
transport system. Weak and loosely organized institutes tend to follow a piece-meal
approach that is hard to meet the challenges mentioned above. On the other hand, strong
and integrated institutes are more likely to take the lead in the concerted effort to undertake
responsive and broad-based effort to address the urban transport issues. Kumar and
Agarwal (2013) argues that well-functioned urban transport institute around the globe share
the following characteristics: (i) ability to deliver public value and consensus; (ii) legal
legitimacy and political support; (iii) fiscal resources and institutional capability; (iv)
decision making authority. On the other hand, major constraint is the highly fragmented
governance structure, resulting in the inability to integrate the planning and execution of
urban transport from the following four perspectives: functionally, spatially, sectorally and
hierarchically.
4.3 China:
4.3.1 Institutional Framework and Policy Framework:
The responsibilities of the central government in China in the realm of urban
transportation development include: (i) review urban master plans of which urban
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transportation plans are essential part; (ii) evaluation and approval of large-scale urban
rapid transit projects (e.g., inter-city railway, metro lines, magnetic levitation, monorail);
(iii) providing policy guidance; (iv) setting technical standards; (v) promoting knowledge
exchange to share the lessons learnt and best practices. There are five ministries at the
national level that collaborate in this area: Ministry of Housing and Urban-Rural
Development (MOHURD), Ministry of Transportation (MOT) and The National
Development and Reform Commission (NDRC), Ministry of Public Security (MPS),
Ministry of Environmental Protection (MEP). The responsibility of environmental
management in China rests with MEP, including water, land and air pollution management.
MPS is the leading ministry for traffic control, traffic management and traffic police. One
of the principal functions of the NDRC is to approve and provide funding for major
infrastructure projects that the local government lack of the necessary financial capability
to carry on the task alone. In terms of regulating urban public transport operations, the
responsibility rests with MOT to provide policy, legal and regulatory framework to
regional governments. MOHURD is the leading ministry that provides technical and policy
guidance on housing and rural infrastructure and oversees the urban development, of which
urban transport is an essential component.
In addition, at the national level, a series of policies and guidance have been issued
to reflect the commitment of the central government to prioritize public transport
development for sustainable and efficient urbanization. Those policy documents include:
(i) Directive 46 stipulated by the State Council in October 2005; (ii) Directive 64
promulgated by the State Council in December 2012; (iii) the 12th Fifth Year Plan in which
MOT set specific public transport development objectives based on the categories of cities;
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(iv) a guidance note issued by NDRC and Ministry of Finance on ensuring Chinese
municipalities to meet the ever-increasing demand of the NMT travelers (World Bank
2010).
It is noteworthy that the rapid socio-economic development in the cities throughout
China makes it extremely difficult for the central government to meet the administrative
need for the urban transportation management at the city level. As a result, the decisionmaking authority has been decentralized to the local municipality, and the local
government has taken the lead in planning, building and managing their urban
transportation facilities. As in most of the countries, there are multiple agencies that are
involved in the decision-making process in urban transport decision-making in China.
Compared to the national government, the functions of urban transport governance at the
local level mainly consist of: (i) coordinating various transport planning activities among
different stakeholders; (ii) administering project construction, operation and maintenance
in urban transport projects; (iii) providing urban traffic management and enforcement; (iv)
formulating policy guidelines and regulation at the municipal level (Pan 2013).
(Pan 2013) suggests that there are three major transportation management
structures in China’s cities (Table 4.1). The major deficiency in those three structures is
that too many agencies or internal sections participate in the urban transport decisionmaking process, resulting in lack of accountability, low implementation efficiency and lack
of coordination mechanisms among key agencies involved (Pan 2013; Zhang and Hu
2003).
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Figure 4.5 Urban Transport Management Models in China (Pan 2013)

To overcome such inherent institutional issues, Shanghai re-configured the
organization structure to consolidate planning and implementation activities of the urban
transport management, by merging the Urban Transport Bureau into the Urban-Rural
Construction Commission (Pan 2013).

Figure 4.6 Organization Structure Of Transport Agencies in Shanghai (Pan 2013)
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4.3.2 Challenges, Issues and Policy Options:
As the country has been undergoing rapid urbanization and socio-economic changes,
there exists a broad literature with regards to the urban transport challenges facing China
since Chinese government designated automotive industry as its pillar industry in its Eighth
Five-Year Plan, from 1991 to 1995 (Cherry 2005; Hao and Wang 2005; Kenworthy and
Hu 2002; Liu and Smith 2006; Peng 2005; Peng et al. 2012; Pucher et al. 2007; Shen 1997;
Yulin et al. 2006). While admitting that the automobile industry has contributed
significantly to China’s economy, unfettered motorization takes its tolls on the sustainable
development and well-being of the society.
Another unprecedented trend that China has been undergoing is the urbanization. In
China, the number of major cities with over one million people has increased from 28 cities
in 1980s to 142 cities in 2014 (World Bank 2010; Xinhuanet 2014). The national
urbanization rate in 2012 was estimated at the level of 1.4% in 2012, leading to 20 million
residents migrating from their rural residences to urban fringe and suburban area each year
(World Bank 2010). In 2014, the ratio of the urban population is 53.7 percent, which is
projected to rise to 60 percent by 2020 according to the “National New-type Urbanization
Plan” released by the Central Committee of the Communist Party of China and the State
Council in March 2014 (Dexter 2014). Coupled with such rapid urbanization is the
continuing structure changes of land-use patterns in major cities, such as breakdown of
joint work-residential location, residential location choice by income sorting, informal
settlement in peri-urban areas, and the surge of metropolitan conglomerations areas. As the
result of such land use development, trips modal had shifted from NMT to automobile
dependency and trip length both increased spatially and temporally.
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As a result, Chinese cities have invested substantially in urban road construction to
cater to the unprecedented motorization. In 2012, private automobile ownership
maintained a level of 69 per 1,000 people over the period from 2009 to 2013 (Dexter
2014).
Liu and Smith (2006) argues that there are three layers of urban transport problems,
i.e., global, national and local, that are prevalent in most of the large cities in China (Figure
4.1). Other challenges such as urban sprawl and social equity are also presented in the
context of urban transportation in China(Pucher et al. 2007; Yulin et al. 2006).

Figure 4.7 Urban Transport Challenges in China (Liu and Smith 2006)

In order to meet these challenges, one of the most prevalent methods for Chinese
government is to take the conventional, if not convenient, approach to traffic supply
management, by continuously upgrading and building urban transport infrastructure, i.e.
subway, rapid bus system, mass rail transit, urban roads. Take two largest cities in China,
Shanghai and Beijing, for example. In the case of Shanghai, the new urban highway has
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reached 200 km in 2012, constituting an increase of 200% from year 2002. The “Shanghai
Metropolitan Transport White Paper”, published in 2012, also indicates that the total length
of city railway network has exceeded 468 km, representing an increase of 600% in the
same period(Shanghai 2013). For Beijing, the total investment in urban transportation
system amounts to 21.9 billion RMB (equivalent to 19.5 USD approx.) from 1993 to 2003.
In year 2003 alone, Beijing had invested 20.8 billion, accounting 5.67% of its GDP. In the
same year, the total length of urban road network reached 3727 km, in which consists of
216km of urban highway. Moreover, the total length of city rail route had exceeded 114km
and there were 18,929 vehicles in the fleet of bus and trolleybus citywide(Beijing 2005).
Large influx of investment in building new urban transportation infrastructure in a
piecemeal and ad hoc manner often benefits those who have access to private automobile,
which in turn leads to reduction of accessibility for the disadvantaged groups in the society.
Another alarming trend facing China’s urban transportation development is the
disintegration of land use and urban transportation planning. The concept of Transit
Oriented Development (TOD) planning has been adopted as China is facing daunting
challenges of urban sprawl. In most cases, the road network, as opposed to the public
transport network, is commonly used to underpin the urban master plan. In the face of a
new wave of urbanization, there is not much time left for Chinese cities to choose between
an irreversible, auto-dependent land use pattern or an efficient and sustainable growth path
(Liu and Smith 2006).
The interesting phenomenon about China is that the aggregate effect of its
metropolitan areas starts to take shape. In 2005, ten metropolitan areas with 9.9% of the
national land area contributed to 52.8% of the country’s GDP(Wikipedia 2013). Among
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the ten, three largest metropolitan areas, e.g., Pearl River Delta, Yangtze River Delta and
Bohai Economic Rim, are the backbones of the Chinese national economy (figure 4.2).
Given the significance of the metropolitan areas in China, it is vitally important to explore
the most effective way to improve the urban transportation planning as most of the urban
transport challenges share the same patterns and, possibly, common solutions.

Figure 4.8 The Role of the Three Metropolitan Areas in China (Liu and Smith 2006)

In China, municipal governments with a population of over 1 million develop 20year Urban Transport Master Plan that requires the approval by the State Council before
the rollout. Such long time span of the master plan is meant to ensure the continuity and
the technical integrity in the planning process. However, the drawbacks of the master plans
in those cities are quite common, consisting of lack of fiscal constraints, lack of systematic
process for planning, programming and budgeting of the investments, lack of multi-modal
and integrated transport policy, and lack of public participation (World Bank 2004).

49

4.4 Other Major Developing Countries:
There remains a lack of literature and evidence from practice with regards to the
urban transport prioritization in developing countries. (REBELO 2013) suggests that there
are three key challenges in urban transport decision-making process that confronts many
metropolitans, such as Mumbai and São Paulo, in BRICs countries. Such issues include:
(i) weak urban transport governance in which the metropolitan transport agency
responsible for implementing and coordinating a long-term integrated urban transport is
often not in place; (ii) absence of financing mechanism to secure sustainable financing for
urban transport projects without major disruptions; (iii) lack of project ranking mechanisms
that sets priority settings for projects with basic engineering design and complete
safeguards analysis.
In the case of urban transport decision-making process in India, there are a few
literature that focus on this issue. The Infrastructure Authority in the state of Andhra
Pradesh prioritized the infrastructure projects in the regions based on the gap between
supply and demand and vague terms like “intern-linkages and any other relevant
parameters” (Legislative Assembly of the State of Andhra Pradesh 2001). In the Delhi
transportation master plan for 2021, a priority order was given for types of urban
transportation, in a descending order from mass transport to non-motorized transport to
intermediate public transport to personalized motor transport (Delhi City Government
2015). Nevertheless, there is no specific mechanism in terms of how to prioritize projects
within the same categories of urban infrastructure. The applicability of multi-criteria
analysis was discussed to rank nine alternate intersections in Kolkata Metropolitan area
(De et al. 2011). Yelda and Shrestha assessed the impact of various criteria in the decision50

making process for prioritizing alternative transport options in Delhi (Yedla and Shrestha
2003). A two-stage approach was employed to prioritizing highway infrastructure
investment schemes, whose objective is to shortlist highway highways and major district
roads as part of the State Road Improvement Project Plan in India (Pradeep and Nair 2013).
Analytic Hierarchy Process (AHP) methodology was adopted to develop a multi-criteria
evaluation for ranking rural road projects in Nepal (Bhandari et al.).
In South Africa, organizational issues have been identified to have two separate
prioritization processes, leading to conflicting sets of priorities (Schutte and Brits 2013). A
systematic framework is developed for prioritizing transport infrastructure projects in the
city of Tshwane in Brazil, by combing Cost Benefit Analysis (CBA) and Multiple-Criterion
Analysis (MBA) with economic efficiency as one of the decision criteria (Quadros and
Nassi 2015). A screening framework was proposed to integrate the indigenous and
scientific knowledge to produce ranking of potential transport projects in Accra, Ghana
(Jones et al. 2013).
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5 CHAPTER FIVE:
Multi-Criteria Decision Analysis in Urban Transport Project
Prioritization
The purpose of this chapter is to introduce multi-criteria decision analysis as a pillar
of the proposed methodology in the following chapters. As more details will be discussed
in this chapter, multi-criteria decision analysis (MCDA) intends to combine information
from qualitative and quantitative sources into a framework whereby a set of criteria for
decision making and their weights of importance are contemplated to assess the overall
performance value for the alternative projects (Schiller et al. 2010). In this chapter, the
application of MCDA in infrastructure project prioritization and transportation project
decision-making will be discussed.
5.1 Concepts & Definition:
Multi-criteria Decision Analysis (MCDA) comprises a suite of methods that
comparatively evaluate multiple dimensions of the decision-making problem rather than
optimizing a single dimensional objective function (Jensen 2012). The core of MCDA is
to model a preference model, which contains two underlying primary elements: (i)
preference in terms of individual criterion for which the relative importance of achieving
different levels of performance is measured; (ii) an aggregation model to combine
preference across criteria. (Belton and Stewart 2002; Jones et al. 2013; Schutte and Brits
2013).
MCDA mainly consists two overarching strategies: non-compensatory and
compensatory (Jensen 2012). The difference between these two strategies lies in whether
an inferior performance on a subset of the attributes could be compensated by superior ones
on other attributes. (Jensen 2012) argues that there are three major categories with regards
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to its techniques: (i) goal programming in which a large number of alternatives can be
narrowed down in the search for optimal solution; (ii) outranking methods in which optimal
best solution is identified by accepting a certain degree of dissension or discord
(Goicoechea et al. 1992); (iii) utility theory in which the relative preference of decisionmakers are reflected in mathematical expressions.
The adoption of MCDA provides the decision-makers the opportunities of: (i)
improving transparency and objectivity in the decision-making process; (ii) giving insights
into the nature of the conflicts by comparing different alternatives; (iii) taking into
consideration of multiple objectives to reflect the reality of the real-world issues with
divergent interests and values associated with various stakeholders. Nevertheless, MCDA
also exhibits several inherent disadvantages, including lack of consensus on the weight of
each of the criteria, lack of overarching principle to incorporate outputs from other
decision-making process, and lack of the clarity on the principle of criteria selection
(Jensen 2012).
5.2 MCDA in Infrastructure Project Prioritization:
MCDA is regarded as the most appropriate method for transport project
prioritizations since it assesses different alternative options while taking into consideration
of both objective and subjective criteria to produce a common output (Tsamboulas 2007).
A plethora of MCDA tools, techniques and strategies have been developed to aid decision
makers in comparing and prioritizing infrastructure alternative projects (Goodman and
Hastak 2006). The use of MCDA for transport project selection consists of three categories:
(i) ranking based approaches (AHP, PROMETHEE, and ELECTRE); (ii) mathematical
programming (MAUT, goal programming, dynamic programming); and (iii) heuristic
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optimization (Iniestra and Gutiérrez 2009; Sinha and Labi 2011) Analytical Hierarchical
Process (AHP) is a well-established method used for prioritization of transport
infrastructure projects (Tsamboulas et al. 1999). A risk-based AHP strategy was developed
to incorporate project life cycle, project deliverables and expert opinions for prioritizing
urban infrastructure projects in Palestine (Ziara et al. 2002). Tsamboulas (2007) designed
a tool for ranking multinational transport infrastructure investments at a strategic level with
the sub-optimal quality of input data in the European Union countries. Integration of
ELECTRE and PROMETHEE methods with the interval approach was used for group
decision-making cases in which veto threshold was considered to provide complete ranking
of alternative structural systems for bridge construction and take into considerations of the
risk, uncertainty and reliability (Balali et al. 2014). Goal Achievement Matrix approach is
an another common approach for systematic ranking of transportation projects, by
assigning normalized scores to each of the projects for each criterion (Berechman and
Paaswell 2005; Hill 1973; Won 1990)
5.3 MCDA in Urban Transport Decision Making:
The use of MCDA fits well with the inherent nature of sustainable urban transport
infrastructure and policies that “serve multiple goals of economic development,
environment stewardship and social equity without sacrificing the ability of future
generations to achieve the same goals” (Pérez et al. 2014; SPAETHLING 1996).
As discussed in the previous chapters, urban transport decision-making is a
complex undertaking as it requires various stakeholders using their preferences to take into
considerations of a wide range of potential impacts. From this perspective, single-objective
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optimization model – such as Cost-benefit Analysis – that only involves the monetary
criterion cannot and should not be seen as an appropriate approach.
In the context of urban transport decision-making, there are several MCDA
approach to set priorities for project implementation in the quest for determining which
projects should receive the funding first. The common quantitative approaches include
utility theory, heuristic optimization and mathematical programming (Goodman and
Hastak 2006; Sinha and Labi 2011). The utility function is used as a measure to assess the
risk-taking attitude of the decision-makers. In practice, projects can be prioritized with the
least multi-attribute utility cost ratio given the highest priority (Goodwin et al. 2004).
Heuristic optimization is referred as the process to identify for an optimal solution that
utilize the available total budget, even as utility theory indicates otherwise. The drawback
of such method lies with its lack of mathematical formulation, rendering it impossible to
prioritize a large number of numbers. Several mathematical programming techniques –
including linear programming, integer programming, goal programming and dynamic
programming – has been proposed to select the optimal set of projects that best suit the
objectives of the decision-makers, be it maximizing benefits or minimizing costs
(Muthusubramanyam and Sinha 1982; Sinha and Labi 2011). Linear programming is only
applicable when the decision variables are continuous, meaning only fractions of projects
can be selected. On the contrary, integer programming can be used if the projects can only
select as a whole. Moreover, goal programming technique is suitable when transportation
agency being responsible for transportation project programming prefers multiple
objectives as opposed to a singular objective. Nevertheless, the limitation of goal
programming technique is that it is only capable of selecting continuous decision variable,
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as exhibited in linear programming technique as well. Last not the least, dynamic
programming is used in transportation decision making in which a series of decisions have
to be made to arrange the sequential orders of the projects. The limitation of dynamic
programming is a lack of the uniform algorithm to solve all dynamic programming
problems (Sinha and Labi 2011).
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6 CHAPTER SIX:
Scenario Planning in Urban Transport Planning
As argued in the previous chapters, one of the most pressing concerns in current
urban transport project decision making process is lack of public participation in the
decision-making process, which inhibits the ability of decision makers and planners in
developing countries to offer a truly inclusive and efficient urban transport projects that
promotes economic development while reducing social inequality. In recent years, scenario
planning has emerged as one of the most effective techniques to introduce public opinions
into the transportation planning process. This chapter will first discuss the concepts and
definition of scenario planning. It follows from the brief review of the evolvement of
scenario planning. In addition, the application of scenario planning in transportation
decision-making is also examined.

6.1 Concepts and Definition:
The scenario is defined as alternative point estimates of future alternatives (Zegras
et al. 2004). To be more specific, it is also referred to “an internally consistent view of what
the future might turn out to be – not a forecast, but one possible future outcome” (Porter
2008). In the context of transportation planning, scenarios adhere closely to its literature
meaning of “narratives or sets of assumptions that explore plausible trajectories of change”,
which underpin the different transportation policy and investment options (FHWA 2011).
In other words, the concept of scenario is used to capture the invariable changing trend of
economic, social, environmental, demographic condition, on which the transportation
decision making is based (Lambert et al. 2009).
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Scenario planning is a tool designed to help decision-makers prepare for the
expected in the future by making robust strategic decision, rather than a substitute for
traditional business planning tools such as forecasting (Zegras et al. 2004). Scenario
planning is a sub-component within the third major activities of planning, which also
consist of polling, forecasting and envisioning (Cole 2001; Schroeder and Lambert 2011;
Wack 2002; Zegras et al. 2004). The key elements of scenario planning includes: (i)
contrasting the extent to which different scenarios exert influence on the outcome of the
planning subject; (ii) analyzing the interaction between different scenarios; (iii) identifying
of possible strategies that lead to preferred future; (iv) engaging public and various
stakeholders to provide buy-in throughout the process (FHWA 2011).
6.2 Evolvement of Scenario Planning:
As an essential tool for strategic planning, scenario planning was devised and
advocated by the business planning unit of Royal Dutch Shell (Zegras et al. 2004). Scenario
planning was originally designated as a tool for forecasting activities in Shell, undertaking
various forecasting tasks from coordinating the scheduling of new facilities planning in
1940s to predicting the financial uncertainties in 1960s. As Shell’s business environment
had undergone significant changes and its forecasting errors had increased, scenario
planning was evolved into a tool that enables decision makers to recognize trends
underlying potential futures and to make strategic decisions accordingly, across various
levels of responsibility of Shell within various responsibilities (Wack 2002, as cited in
Zegras et al. 2004). Alternative possible futures, pertaining to the interests of decision
makers, are explored in a discussion of “what if” questions, as opposed to presumptively
determining the “most likely” outcome (Kahane 1992).
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Scenario planning has been widely applied to a wide range of fields including the
effects of climate change on coastal engineering (Karvetski et al. 2011), scheduling
optimization of a transportation agency in hurricane recovery (Lambert and Patterson
2002), identifying potential security vulnerability associated with terrorist attacks (Tofani
and Bartolozzi 2008), mitigating the risk of extreme transaction latencies in e-commerce
(Pinto and Lambert 2002), capacity building in developing countries covering issues of
infrastructure development, energy sector planning and food security options for
developing countries (Kahane 1992; Karvetski et al. 2009; Lambert et al. 2011; Ram et al.
2011).
6.3 Scenario Planning in Transportation Decision Making:
Scenario planning has applied to the field of transportation decision-making date
back to 1960 (Bartholomew 2007; FHWA 2011). The early examples of scenario-based
planning roots in the “3C” planning-“continuing, comprehensive and cooperative planning
process”- required by Federal-Aid Highway Act of 1962 and alternatives analysis by
National Environmental Policy Act (Weiner 1999). In recent years, scenario planning
approached has been adopted as part of the transportation planning process by many
metropolitan areas, as recommended by FHWA (FHWA 2011; Schroeder and Lambert
2010). Bartholomew (2007) conducted a survey in National Association of Regional
Councils and Association of Metropolitan Planning Organizations and reviewed 80
scenario planning projects from over 50 metropolitan areas in U.S.
Transportation-focused scenario planning is viewed as an enhancement to the
conventional transportation planning process and as a platform to address the shortcomings
in traditional approaches, by emphasizing on the public involvement processes. FHWA
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recommends six key phases for transportation agencies to implement scenario planning,
including: (i) engaging related partners; (ii) identifying driving force underlying the trends
and factors; (iii) establishing objectives based on the study area; (iv) creating alternative
scenarios; (v) evaluating scenario impacts; (vi) determining action plans and monitoring
the development of scenarios. The focus of scenario planning is to enable various
stakeholders and general public to understand how variable, e.g. land-use patterns,
demographic, congestion, political, economic and environmental trends, could potentially
impact transportation network and investments, by comparing scenarios and analyzing
their possible outcomes. Scenario planning aims to build a “shared future vision that
provides a framework for transportation priorities, goals, recommendations, and
investments” (FHWA 2011).
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7 CHAPTER SEVEN:
Survey Design
Conducting preference survey has emerged as an effective measure in scenario
planning to collect opinions from project affected population regarding their concerns
and visions for the future in order to promote public participation in urban transportation
decision making (Shiftan et al. 2003). In this chapter, a survey process framework will be
proposed to poll public preference in developing countries. In addition, details regarding
each step of the survey design will also be provided in this chapter.

7.1 Survey Process Framework:
(Fife-Schaw 1995) argues that there are five major kinds of survey: (i) background
and demographic data, (ii) behavioral reports, (iii) attitudes and opinions, (iv) knowledge,
(v) intentions, expectations and aspirations. In this study, the purpose of conducting survey,
which will be discussed in details in this chapter, is to elicit concerns, attitudes and opinions
from the perspective of road user, technique experts, and decision makers alike, in order to
develop a balanced and inclusive view of project prioritization strategy. (Richardson et al.
1995) argues that the transport survey should follow a well-defined and rigorous
framework as opposed to ad-hoc and piecemeal processes that are prevalent in the
developing countries. Adapted from the transport survey process they proposed, the survey
framework follows three stages. The first stage is survey design, which includes
preliminary planning, selection of the survey method, sample design and survey instrument
design. The focus for the survey execution stage consists of a pilot survey and survey
implementation. At the last stage of the survey process, there are four steps to follow, which
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are data coding, data editing, data editing and data analysis before reaching the last step of
data presentation. Figure 4.1 depicts the process described above.

Figure 7.1 Survey Process Framework. Adapted from (Richardson et al. 1995)

7.2 Survey Design
It should have made clear that errors are inevitable in the pursuit of “perfect
survey”. The reality prompts the survey design and survey practitioners first to identify the
potential source of errors and then to devise and apply systematic measures to dampen the
negative effects in a cost-effective manner. Furthermore, realistic outcomes have to be
expected. The temptation to skip on the survey design has to be resisted (Delaine and
Mundial 1992). Moreover, the trade-offs have to be made (Richardson et al. 1995).
Scores of researcher have enriched and elaborated the concept of survey errors
(Cochran 2007; Deming 2006; Dillman 2011; Hansen and Hurwitz 1953; Smith 2011).
Three types of survey errors have emerged from the pool of errors as the most relevant one
to this work, which consists of (i) measurement error induced by inadequate survey
instrument design, (ii) sampling error caused by the selection of sample design, and (iii)
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non-response error generated by the low response rate. Specific measures aiming to address
these errors will be discussed in the following sections.
Given the financial, time and manpower constraints, trade-offs have to be
contemplated between the quality and quantity of data at large (Braunisch and Suchant
2010; Macintyre 1999; Richardson et al. 1995). The decision regarding where to draw the
line between the two components exerts a significant impact on the extent to which the
survey result reflect the intention and concerns of the target population. As figure 7.2 below
the indicated, decision-making process regarding the tradeoffs is throughout the survey
design phase.

Figure 7.2 Trade-offs in Survey Design (Richardson et al. 1995)

7.2.1 Preliminary Planning
It should be realized from the outset that the data collection for this survey is one
of the prerequisite tasks leading towards the validation of the proposed prioritization
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strategy for urban transport projects in developing countries. The starting point in the
preliminary planning stage is the problem definition. (Dickey 1983) gave out the definition
of the “problem” in the context of urban transportation planning:
“A problem … is the difference between the desired state for a given situation at a
given time and the actual state. This difference cannot be eliminated immediately (if ever).
”
Derived from this definition, (Richardson et al. 1995) suggested four sources of
problem in the realm of transportation planning: scope of affected population, consensus
of the expected outcome of the planning, non-existence of panacea solution and the
evolving nature of transport problems. The problem identified in this thesis is how to bring
in different perspectives from infrastructure user, project designer and decision maker to
form a balanced, objective and systematic urban transportation prioritization strategy.
Another important task in the preliminary design stage is the hypothesis
formulation, which is one of the four steps to “construct an accurate (that is, reliable,
consistent and non-arbitrary) representation of the world”(Anderson and Anderson 1966).
In order to complete the process of hypothesis formulation, the relationship between the
independent variable and dependent variable ought to be established first. (Cochran 2007).
(Burns 2005) provides a great definition of variables, which are “qualities, properties, and
or characteristics of persons, things, or situations that change or vary, and that can be
manipulated, measured, or controlled in a research study.”
In this case, the independent variable might be the role of respondents in the urban
transportation project ranking process, namely infrastructure user, project designer and
decision makers. On the other hand, the dependent variable might be the extent to which
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how the different category of respondents weighs in the same set of prioritization criteria
in the context of urban transportation projects. Hence, the null hypothesis is that there is
no significant difference between the perceptions of three respondent groups on the
importance of the project prioritization criteria.
7.2.2 Survey Method Selection
The term of “trilemma” was coined to describe the situation where the trade-off has
to be made between three desirable options (Economist 2014). Deliberate consideration
was required to reconcile competing needs in many of the world’s most intractable
challenges. Given the limited resources and inherently conflicting nature of the objectives,
compromise has to be made as the complete list of the objectives cannot be pursuit
simultaneously, e.g. macroeconomics (fixed exchange rate, independent domestic
monetary policy and free movement of capital), globalization (national self-determination,
democracy and economic globalization), healthcare system (cost, coverage, choice).
In the area of survey method, the trilemma was referred to the trade-offs has to be
made between three major elements: survey resources, quality of data and quantity of data
(Richardson et al. 1995). The decision made between three choices has a direct impact on
sample size, data analysis, survey length, response rate, etc.
In the realm of transportation planning survey, there are eight different data
collection techniques that may be employed, including: (i) documentary searches; (ii)
observational surveys; (iii) household self-completion surveys; (iv) telephone surveys; (v)
intercept surveys; (vi) household personal interview surveys; (vii) group surveys; (viii) indepth surveys (Richardson et al. 1995).
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One of the most widely used forms of survey methods is a self-completion
questionnaire survey, which requires the respondents to complete the survey without the
assistance or interference of interviewer. The advantages of self-completion surveys
consist of its capacity to cover a wide range of geographic areas, its modest cost compared
with other survey methods. The disadvantages of adopting this method include its
tendencies to high level of non-responses, high standard for the quality of questionnaire
layout and wording, tendency of skewed responses, and the relatively longer duration to
complete the survey, which is normally required up to 6 weeks in the survey
implementation phase to allow ample time for follow-up reminder (Richardson et al. 1995).
Household personal interview survey is one of the earliest adopted survey methods
for transport data collection. In most cases, this method refers to the survey is conducted
in a household environment with the presence of the interviewer. Household personal
interview is preferred over other methods in the following aspects: (i) high response rates;
(ii) particularly effective in collecting non-quantitative information such as attitudes and
opinions, which are the core research subject in this thesis; (iii) much shorter duration
required. Nevertheless, the resulting interaction between respondents and the interviewer
may lead to sampling bias, which may lead to the distortion of survey results. More details
regarding sampling bias and its preventative measures will be discussed in detail in 8.2.2.
Another major drawback is that such method might incur higher costs due to the high labor
cost.
There are two qualitative survey methods, whose outcome is likely to be used for
testing hypotheses and exploring topics that are of great importance to the respondents,
rather than to have accurately statistical estimation of characteristics of sampling frame
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(Richardson et al. 1995). Qualitative methods are also referred as interactive surveys,
which encompass group surveys and in-depth interviews. (Jones 1985) suggests that there
are three major roles that interactive surveys can carry out in the context of the
transportation data collection, including exploration, investigation and interpretation. For
the purpose of exploring perceptions and attitudes, in-depth unstructured interviews are
deemed as the most appropriate technique compared to other alternatives (Brög 1997;
Richardson et al. 1995). The survey was conducted with one respondent at a time in an
environment where specific attention was given to ensure that the respondent’s opinions
are reflected without extra pressure for conformity with the group. The survey process was
designed in a way that the high response rate was achieved without compromising the
quality of the survey data. Another survey method adopted in this research work is
telephone surveys, which has been the most commonly used mode in market research
surveys (Frankel 1989; Richardson et al. 1995). The major advantages of using this method
include wide geographic coverage, a high level of consistency, spontaneous answers that
best suited for attitudinal surveys (Richardson et al. 1995).
Mix-mode surveys are proposed to use multiple survey methods for collection of
data, with each method being targeted in its most appropriate context. In the scenario of
comparing data from different populations, an array of survey methods would be used on
various populations to develop and test of scales across populations (Dillman 2007;
Richardson et al. 1995).
7.2.3 Survey Instrument Design
Survey instrument design, like urban transport planning, is long said to be “much
of an art form than a science”, in that the design process are subject to the survey designer’s
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own interpretations of the overriding objectives and the design principles (Richardson et
al. 1995). The need to design a survey instrument from the respondents’ point of view,
rather than researchers’ point of view, cannot be over-emphasized. Lack of awareness to
create the instrument design for respondent in a most accessible manner invariably lead to
low response rate, inaccurate answers and incomplete response (Brög 1997).
A rich array of survey design principles focused on the wording of the
questionnaire, in terms of searching for the right word without being vague, objectionable
and misunderstood. In “The Art of Asking Questions”, Payne suggests “a concise checklist
of 100 considerations.” Among the principles that are in the list, some of them seems to be
conflicting and interfere with others. For instance, “use simple words” might interfere with
“keep it short” and “Do not talk down to respondents”(Payne 1951). Different groups of
the respondent might exhibit completely different reactions and attitudes towards the same
set of survey questions. To make the necessary improvement in wording and structural
design, Don Dillman (2007) suggested twenty principles for the design of any
questionnaire (Dillman 2011).
Such rather relaxing environment of survey instrument design tends to induce two
types of errors: instrument uncertainty and instrument bias. The former leads to high level
of variability in the questionnaire responses when the respondents understand the same
question in different ways (Richardson et al. 1995). The latter occurs when the ill-designed
questionnaire leads to the wrong answers. In order to fend off these two errors, the
questionnaire design is scrutinized from the following eight aspects (Richardson et al.
1995):
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“ (i) questionnaire content; (ii) physical nature of forms; (iii) question types;
(iv)question format; (v) question wording; (vi) question ordering; (vii) question
instructions.”
In this work, the above-mentioned principles are followed to ensure the quality of
the questionnaire, with special attention paid to the question wording, question ordering,
question instruction and question format. Specific measures are taken in the design of the
questionnaire adopted in this study to address the instrument uncertainty and instrument
bias. Including placing items with the same response categories into an item-in-a-series
format, using shaded colors on questions to provide a visual navigational guide to
respondents, maintaining a consistent format to ensure each respondent receive the same
stimulus, arranging opinion questions in an order that makes the response task easier,
avoiding load, ambiguous and sensitive questions to facilitate comprehension, using equal
numbers of positive and negative categories for scalar questions, shortening the length of
questionnaire to improve response rate and response validity. The end survey instrument
design was present in Appendix 3.
7.2.4 Sample Design
The main objective of the sample design phase is to adopt a systematic approach in
which the sample obtained from the entire population is “representative of the entire
population”, especially the issue has been particular challenging in the field of
transportation since transport study has always been dealt with very large population
(Richardson et al. 1995). To achieve this objective, a key indicator is the reduction of
sampling error, which is a measure of “how closely we can reproduce, from a sample, the
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results that would be obtained if we should take a complete count or census” (Hansen and
Hurwitz 1953).
The First step of the sampling procedures is to define the scope of the target
population, which encompass all the units about which one would like to collect
information, estimate characters, make inferences and generalize results. Such units may
typically include such entities as individuals, households, geographical areas, vehicles,
organizations, intersections, features of the transport network (Dillman 2011; Richardson
et al. 1995).
Secondly, it is necessary to determine the sampling frame from which to draw the
sample in order to represent the survey population. It is a base list that theoretically contains
all the sampling units identified in the target population. In reality, it is rare that the
sampling frame population coincide with the target population. In the context of transport
surveys, examples of sampling frames include motor vehicle registrations, census lists,
mailing lists, utility company records, telephone directories, local area maps, society
membership lists. It should be noted there are some inherent deficiencies existing in the
above examples, such as out-of-date, duplication, inaccuracy, inadequacy, incompleteness.
The criteria for selecting the appropriate sampling frames largely depend on the purpose
and scope of the survey (Richardson et al. 1995).
Thirdly, the appropriate sampling method needs to be decided on how to ensure
that a relatively small sample is representative of the entire target population. The selection
of sampling method, in many cases, depends on the availability of the sampling frame. In
common practices, four assumptions are often made that: (i) the sampling frame is the
target population; (ii) the sampling frame is complete; (iii) there is no missing data; and
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(iv) all the measurement are accurate (Lohr 2009). There are many types of sampling
methods, in which the essence is that each unit is selected independently with the equal
chance of being selected in the sample, including simple random sampling, stratified
random sampling, variable fraction stratified random sampling, multi-stage sampling,
cluster sampling, systematic sampling (Iarossi 2006; Lohr 2009). Among them, the widely
used methods, which also serves as the basis of all other sampling methods, are: simple
random sampling, stratified sampling and multi-stage sampling (Iarossi 2006; Richardson
et al. 1995).
For simple random sampling, there are two variations, sampling with replacement
and without replacement. The former may lead to a situation where a unit may be selected
more than once. The latter is the preferred practice in transport survey in that the sample
contains no duplication. Simple random sampling, like other sampling methods, requires
the use of pseudo-random numbers generated by recursive mathematical equations or the
use of tables of random numbers.
The stratified sampling method is best suited for surveys that are designed to take
on different mean values in different sub-populations to obtain a more precise estimation
of the target population. It makes use of prior supplementary information regarding the
target population to avoid over-representation and under-representation of the subpopulations. It is of importance that such prior information is relevant to the objectives of
the survey. The first step of the stratified random sampling method is to divide the
population into strata, i.e., layers, of sampling units in a way that the units are as
homogenous within each stratum. The second step is to draw independent probability
sample from each stratum in which each unit has the same chance of being selected. The
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last step involves pooling the information inferred from each stratum together to obtain the
overall population estimates. Other advantages of using stratified sampling method consist
of: (i) allowing using different sampling methods for different strata; (ii) improving the
data collection precision by adjusting the sample fraction of different strata to obtain the
comparable precisions for various groups; (iii) lowering the sample variance of the target
population (Lohr 2009). There are two main variations of allocating observations to strata:
proportionate stratified sampling and optimal stratified sampling. In proportional stratified
sampling, each stratum is sampled at random using the same sampling fraction that is
proportional to the size of the stratum. Optimal stratified sampling method works well for
sampling units of different sizes, in which the variations of larger units are more likely to
be greater than the one of the smaller ones. The justifications of two early studies using
optimal stratified sampling were to explore in depth of the stratum with much less units
and to obtain the comparable comparison between different stratum (McIlwee and
Robinson 1992; Neter et al. 1978). In these two studies, stratum with both smaller units
and larger variance were over-sampled on purpose to improve the precision of comparing
means among different strata.
Multi-staging sampling is widely adopted in a situation where a relatively small
sample size in a large population is randomly selected in a two or more contingent stages.
Richardson et al. (1995) illustrated an example in which a five-stage survey process is
conducted to sample travel patterns for the entire nation (Richardson et al. 1995). In this
example, the entire population of Australia was first divided into states and followed by
local government area, Census Collectors’ Districts, households, and finally into
individuals. The last two stages were given special cares to ensure each sampling unit had
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an equal opportunities to be selected after all stages have been completed. The major
advantage of multi-staging sampling is that it is convenient to collect samples from a large
population in a relatively low price and timely manner. Another advantage includes the
flexibility of allowing different sampling methods. The disadvantage lies in the trade-offs
between the accuracy of parameter estimation and reduction in costs (Richardson et al.
1995; Stopher 1985).
There are two distinct categories of errors in survey sampling, contributing to
measurement error in sampled data. The first type of the errors is termed as the sampling
error (Richardson et al. 1995) or selection bias (Lohr 2009). The sampling error stems from
the fact that the sample is only a subset of the target population and thus can never equal
to the entire population. Another common source of sampling errors is inadequately
designed questionnaire. Sampling error can be effectively reduced by means of improving
sampling designs and increasing sample sizes. However, it should be noted that such error
can never be completely eliminated because discrepancies always exist between the
characteristics of the sample and population, no matter how well the questionnaire is
designed and the principle of random sampling is practiced.
The other category of error is termed sampling bias (Richardson et al. 1995). It is
also referred to measurement bias in other literature (Lohr 2009). There are two major
respects where sampling errors and sampling bias are significantly different. First,
sampling bias could be eliminated in theory whereas sampling errors can only be
minimized. Second, sampling bias lead to a more severe inaccuracy of the survey results
because it directly affects the estimated parameter average, as oppose to the variability of
the estimation on which sampling errors have an effect. Sampling bias can be found in the
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following survey practices: using sample selection procedure that base on unrealistic
assumptions; selecting sample subjectively that only is under the influence of investigator’s
prior judgment; specifying an inappropriate target population; excluding part of the target
population in the sampling frame; substituting convenient sampling unit for originally
selected unit; failing to obtain satisfactory level of responses (Lohr 2009). To reduce the
sampling biases, a number of safeguards can be adopted, including (i) revisiting randomly
on some of the respondents to check on the accuracy obtained; (ii) performing cross-checks
with other data source to validate the representativeness; (ii) reducing non-response rates
through improving questionnaire design and survey implementation.
There are two counter-intuitive aspects with regards to the process of determining
sample size calculation. First, the sample size needed for estimating the characteristics of
the population, except in cases where the population is small, is irrelevant to the size of the
target population. It is the absolute sample size that determines the precision of parameter
estimates rather than the sample size as the percentage of the total population. The second
aspect is a high level of precision of estimation could be inferred from relatively few
completed questionnaire (Dillman 2011). Trade-offs have to be made between a large
sample, in which the required degree of precision is satisfied and costly, and a small
sample, in which the sampling process needs less financial resources but is subject to high
degree of variability.
Four factors must be taken into consideration in determining how large a sample
size one needs by adopting random sampling methods: the population size, the level of
confidence, margin of error. The following formula, adapted from (Dillman 2011), is used
to calculate the sampling size:
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𝑁 ∗ 𝑃 ∗ (1 − 𝑃)

𝑆=

𝑀 2

(1)

(𝑁 − 1) ∗ ( ) + 𝑃 ∗ (1 − 𝑃)
𝐶
Where: N = population size,
M= margin of error,
C = Z statistic associated with the confidence level,
P = the assumed proportion of population
S = minimum sample size required for desired level of precision

Margin of error (M) refers to the degree of precision that is acceptable for the
estimation of each of the parameters. Confidence interval (C) is the amount of certainty
that the estimated value of the population parameter falls within the stated range of
precision. The proportion of the population (P) indicates that the extent to which the target
population is varied from one population to another population. The default value is 50%,
assuming the maximum heterogeneity in the population.
The final step in the sample design phase is regarded as the process of how to draw
a sample from the sampling frame. “Look-up” table are two forms of random number
generation processes that are widely adopted, as mentioned early in this section. The lookup table is most applicable for drawing a sample from a relatively small population. For a
large sample, it is recommended to use different random generator algorithms, in which
the most common type is a linear congruential method (Knuth 1969; Richardson et al.
1995).
𝑋𝑖+1 = (𝑎𝑋𝑖 + 𝑐) 𝑚𝑜𝑑 𝑚
Where 𝑋0 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑒𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟
a, c, m = integer constants that specify the generator
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(2)

7.2.5 Questionnaire Translation
Two critical questions ought to be asked at the outset of the translation process:
whether the questionnaire should be translated and whether the questionnaire can be
translated (Behling and Law 2000). For the former question, clearly there is a need to
transfer the indigenous knowledge of the people affected by the proposed projects into the
decision-making process with regards to urban transportation project prioritization. The
constructs in this specific study persist in recognizable form across different cultures,
which belong to the category of etic constructs as opposed to emic constructs that only
exist in a single culture (Berry 1969). Such attribute of the instrument ensures the
transferability of the constructs, which paves the way for a future application to developing
countries across the worlds.
For the latter question, there are three practical problems that determine the success
of translations: lack of semantic equivalence across languages, lack of conceptual
equivalence across cultures, and lack of normative equivalence across societies (Behling
and Law 2000). Since the survey instrument was designed in a way that the technical terms
in the translated questionnaire has the identical meanings with the original version, the
semantic equivalence was achieved. The constructs in the survey instrument are designed
to be etic, which to some extends ensured that the construct operationalized in the source
questionnaire exist in the same form in the thinking of respondents in the target country.
Normative equivalence was dealt successfully by developing close relations with
respondents through using trusted agents in this study (Greenfield 1997; SLOMCZYNSKI
1969).
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It is noteworthy that translation/back translation method were adopted in the survey
translation process as such method shows a high level of compliance in meeting the criteria
of informativeness and source language transparency. The former refers to the degree to
which the technique indicates the semantic equivalence of translation version of the survey
instrument. The latter describes the extent to which the translated questionnaire provide
ample information to the monolingual researcher (Behling and Law 2000; Guthery and
Lowe 1992). Translation/back translation method generally consists of the following steps:
(i) translating the original questionnaire to the target one; (ii) reversing the translation
sequence by a different translator; (iii) compare the original and the back-translated
versions and revise the translated questionnaire to minimize the discrepancies, if there is
any; (iv) translating the revised questionnaire back into the original language again for
comparison and continuing to do so until there is no more inconsistency between the two
revisions (Warwick and Lininger 1975).
The translation process adopted in this study is illustrated as follows. The expert
panel that monitors and identifies the discrepancies between the original version and
translated version in step 3 consists of five members: an academician, a consultant working
in the transport sector of the multilateral development organization, a senior designer
working for a top transportation engineering designing firm, a senior governmental official
who is a head of a metropolitan city’s construction & transport commission in a developing
country, a project manager in a city infrastructure investment group. All of the panel
experts are selected based on their in-depth knowledge of urban transport infrastructure
planning, financing and management, with each member having a minimum of nine years
of work experience. The final translated questionnaire is attached in Appendix 4.
77

The translated version is translated back
in the original language

The translated version is translated back
in the original language
Two versions are compared by the
experts’ panel

Discrepancies

Yes

Final Translation

exist?

exi
No

The translated version is revised and
translated back into the original
language

Figure 7.3 The Proposed Survey Translation Process

7.2.6 Pilot Survey
The Pilot survey is one of the most important components of the entire survey
process and unfortunately it also falls victim of inattention and negligence. Not being able
to carry out a pilot survey or pre-tests tends to result in the waste of limited resources,
undermining the credibility and jeopardizing the accuracy of the collected data. No matter
how experienced the questionnaire designer is or how successful the same questionnaire
has been used in the similar circumstances, no constraint should come at the expense of
such indispensable component of the survey before the main survey is carried out (Ampt
and Richardson 1994; Moser and Kalton 1971).
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The purpose of pilot survey is to provide insights into the following aspects before
committing to the full-scale survey: (i) adequacy of the sampling frame; (ii) variability of
parameters within the survey population; (iii) non-response rate; (iv) data collection
method; (v) questionnaire wording; (vi) questionnaire layout; (vii) adequacy of
questionnaire in general; (ix) efficiency of administrator training; (x) data analysis
procedures; (xi) duration and cost of survey; (xii) efficiency of survey organization
(Richardson et al. 1995).
7.2.7 Survey Implementation
Previous research may be found in covering various aspects of the survey
implementation (Goyder 1985; Groves et al. 1992; Hoinville et al. 1982; Parten 1950;
Singer et al. 2000). The general process for survey implementation includes five important
tasks, including survey personnel recruitment, survey staff training, pre-publicity activities,
follow-up and validation procedures, and survey execution and monitoring (Richardson et
al. 1995).
The key concern of any survey implementation process is how to improve the
response rate, which measure the percentage of the total responses to the net sample size.
The net sample size is referred to the number left after subtracting the invalid response
from the gross sample size (Richardson et al. 1995). It is imperative to calculate response
rate consistently and report the rates correctly. Current literature suggests that there are five
common elements for improving response rates, consisting of respondent-friendly
questionnaire, multiple compatible contacts

with

the respondents,

incentives,

correspondence personalization, and timing of the contact (Dillman 2011; Groves et al.
1992; Iarossi 2006).
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The significance of adopting a respondent-friendly questionnaire has already been
discussed in the previous sections 8.2.3. From a comprehensive literature review conducted
by Iarossi (2006), it is evident that a positive correlation exists between the number of
contacts to the target population and the response rates. A typical contract sequence for
survey implementation

constitutes five consequential

steps:

advanced letters,

questionnaire, thank-you postcard, replacement questionnaire and final contact (Dillman
2011).
There are two major types of incentives that have a positive impact on the survey
participation. The first one is the inclusion of return envelope with stamps in the
questionnaire. Such measure will improve the response rate by several percentage points
(Dillman 2011). The other category of incentive mainly involves the payment of monetary
incentives. It is a controversial measure in that while research has shown that monetary
incentives have positive impact on survey participation (Figure 8.4), it poses ethical and
practical problem and can be counterproductive during the implementation (Dillman 2011;
Iarossi 2006).
Personalizing correspondences on general public surveys in four U.S. states results
in an increase of 5 to 11% response rates in 1999 (Dillman et al. 1999). Last but not least,
it is advisable to avoid the collision of interview timing with a period of economic
downturns, holiday seasons and tax time to prevent a negative impact on the response rate
(Iarossi 2006).
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Figure 7.4 Survey Participation by Amount of Incentives (Source: (Iarossi 2006))
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8 CHAPTER EIGHT:
Research Methodology
8.1 Methodology Framework
There are many factors that have effects on the urban transport project prioritization
process such as institutional arrangements, funding resources, local practice of the agency,
history, geography, level of urbanization, and political culture (Sinha and Labi 2011; Stout
1996).
The integration of scenario planning and MCDA has emerged in the recent
literature as a robust and coherent framework for evaluating strategic options. The
combined use of two well-established methodologies provides three major benefits: (i) they
complement each other’s strengths; (ii) they provide a balanced view of both the analytical
and intuitive components of decision making process; (iii) they allow comparisons between
different roles of various stakeholders (Ram et al. 2011). As summarized in (Lambert et al.
2011), scenario-informed multi-criteria methods have been applied to energy planning,
coastal engineering, infrastructure policy, climate change and food security (Karvetski et
al. 2011; Karvetski et al. 2009; Ram et al. 2011; Schroeder and Lambert 2010).
A scenario-based methodology based on the MCDA is proposed in this thesis to
prioritizing urban transport projects. It is suitable for the project programming phase in
urban transportation planning and enables prioritization of alternative projects before
budget allocation and the development of the transportation investment program. The
methodology was influenced by the work of (Schroeder and Lambert 2011), (Jones et al.
2013) and (FHWA 2011). Figure 7.1 illustrates a flowchart of the methodology,
encompassing five major steps as described in the subsequent sections.
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Figure 8.1 Scenario-based MCDA Framework

The first element of the methodology is selecting project prioritization criteria that
reflect the interests of the studied region. The prioritization criteria are decomposed into
two-level hierarchy structures. The higher level has five general sustainability categories,
consisting of economic, engineering, environmental, social and risk. At the lower level, a
set of M criterion is defined as 𝐶 = {𝐶𝑚 : 𝑚 ∈ {1, … , 𝑀}}. The selection of the lower-level
criteria are based on three major sources, e.g., literature review, project evaluation and
feasibility studies, and expert opinion, in order to: (i) link the prioritization process to the
transportation planning that precedes it; and (ii) incorporate indigenous knowledge in urban
transport and international best practices (Jones et al. 2013; Meyer and Miller 2001). The
details of criteria selection is discussed in chapter 8.2. A set of L alternative projects is
defined as 𝐴 = {𝐴𝑙 : 𝑙 ∈ {1, … , 𝐿}}. The quantity 𝑃𝑚𝑙 is the normalized value of criterion m
in project l and reflects how well the individual project achieves the corresponding
criterion.
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The second step is defining project ranking scenario that represents the preferences
and perspectives of the public to weigh in on the transport project decision-making process.
As an essential aspect of scenario planning, the use of surveys can help collect, synthesize
and ultimately compare inputs from involved stakeholders (FHWA 2011). A set of scenario
is defined as 𝑆 = {𝑆𝑛 : 𝑛 ∈ {1,2, 3}}. The application of scenario planning into project
prioritization can systemically incorporate public opinions into the decision making
process that engages a variety of diverse stakeholders with different priorities and values
on urban transport system. The defined three scenarios expand the work of (Jones et al.
2013) and include: (i) elected or appointed officials responsible of making the final
decision regarding the urban transport project programming; (ii) project designers who
ensure that projects are well-engineered and technically feasible; and (iii) system users who
actually use the transport system designed by the decision makers and project designers.
The third element of the methodology is generating weights through surveys for
each criterion selected in step 1. A set of M criteria weights in a scenario 𝑆𝑛 is defined as
𝑛
𝑛
𝑛
𝑊 𝑛 = {𝑊1𝑛 , …, 𝑊𝑀𝑛 } with ∑𝑀
𝑘=1 𝑊𝑘 = 1 and 0 ≤ 𝑊𝑘 ≤ 1. The quantity 𝑊𝑘 represents the

relative importance of criterion 𝐶𝑘 with a larger weight implying higher importance given
the stakeholder’s perspectives of project ranking priority in scenario𝑆𝑛 .
As illustrated in preceding chapters, the purpose of conducting surveys—later
discussed in a case study—is to incorporate concerns, attitudes and opinions from the
perspective of transport system users, project designers, and decision makers alike and
develop a balanced and inclusive project prioritization strategy. The transport survey
should follow a well-defined and rigorous framework presented in chapter 7.1, as opposed
to the ad-hoc and piecemeal processes currently prevalent in the developing countries
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(Richardson et al. 1995). The survey framework as illustrated in Figure 2 follows three
main stages, including survey design, survey implementation and survey processing.
The fourth step is prioritizing alternative projects based on the project ranking
matrix, which itself is the multiplication of the project score matrix and the criteria weight
matrix after the first three steps of the methodology. It is built on the effort of MCDA
ranking and rating methods of Goal Achievement Methods (Berechman and Paaswell
2005), Impact Index Method (Sinha and Labi 2011) and scenario-based multi-criteria
approach (Lambert et al. 2011). The project ranking score for project l in a scenario n is
𝑛
𝑙
𝑛
𝑀
calculated as follows 𝑅𝑙 (𝑛) = ∑𝑀
𝑘=1 𝑊𝑘 𝑃𝑘 , with 1 ≤ l ≤ L, 1 ≤ n ≤ 3, ∑𝑘=1 𝑊𝑘 = 1 , 0 ≤

𝑊𝑘𝑛 ≤ 1, and 0 ≤ 𝑅𝑙 (𝑛) ≤ 100.
The quantity 𝑅𝑙 (𝑛) indicates the priority score of project l in scenario n with a
greater score implying a higher priority of the project.
Lastly, the rankings of l alternative projects in N sets of scenarios are first divided
into upper and lower quartiles. The position of the upper quartile 𝑞𝑢 and lower quartile
𝑞𝑙 is given by the following equations:
𝑞𝑢 =

𝑙
3𝑙
(𝑟𝑜𝑢𝑛𝑑 𝑢𝑝), 𝑎𝑛𝑑 𝑞𝑙 = + 1 (𝑡𝑟𝑢𝑛𝑐𝑎𝑡𝑒)
4
4

(1)

Subsequently, N sets of scenarios defined in step 2 are attributed to each of the
rankings. Strength score 𝑆𝑆𝑖 is defined as the total points gained by each project i:
𝑁

𝑆𝑆𝑖 = ∑ ∑
𝑟=1
𝑟
𝑡𝑖𝑗
={

1,
0,

𝑞𝑢

𝑟
(𝑞𝑢 − 𝑗 + 1)𝑡𝑖𝑗

𝑗=1

(2)

𝑖𝑓 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑖 𝑖𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑢𝑝𝑝𝑒𝑟 𝑞𝑢𝑎𝑟𝑡𝑖𝑙𝑒
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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Similarly, weakness score 𝑊𝑆𝑖 is defined as the total points gained by each project
i:
𝑁

𝑊𝑆𝑖 = ∑ ∑
𝑟=1

𝑙
𝑗=𝑞𝑙

𝑟
(𝑗 − 𝑞𝑙 + 1)𝑡𝑖𝑗

(3)

The final ranking of the proposed framework depends on the difference between
𝑆𝑆𝑖 and 𝑊𝑆𝑖 , with the larger difference indicating the higher ranking (Balali et al. 2014;
Morais and de Almeida 2012).
8.2 Data Needs and Data Collection
(Litman 2003) conducted a comprehensive literature review on the use of
performance criteria for sustainable transportation planning, which defines ten principles
of selecting the most appropriate criteria: comprehensive, quality, comparable,
understandable, accessible, transparent, cost-effective, net effects and functional. In this
thesis, five major categories of criteria are selected to represent the extent to which the
urban transportation decision-making process is executed, especially in the developing
countries. Those categories consist of economic, engineering, environmental, social and
risk categories.
One of the categories covers the economic efficiency impacts of the proposed
project, by monetizing the associated costs and benefits. Within the economic efficiency
criteria, Net Present Value (NPV) is defined as the difference between the present value of
costs and benefits. Projects with higher NPV are regarded as more economically efficient
(Sinha and Labi 2011). Internal Rate of Return (IRR) refers to the rate of investment that
leads to zero NPV of the project under evaluation. In most cases, IRR is always compared
to the minimum attractive rate of return (MARR) to assess if the proposed project has
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sufficient value. Benefit cost ratio is the ratio of NPV of the benefits to the costs, which is
recommended for transportation evaluation with projects that have explicit values of
benefits/costs (Sinha and Labi 2011).
Adapted from World Bank’s Operational Risk Assessment Framework, the risk
category encompasses three criteria: project external risk, design risk and implementation
risk (World Bank 2013). In the context of infrastructure investment, project external risk
refers to how the project meets or conflicts with the priorities and needs of the key
stakeholders, such as municipal government, implementation agencies, civil societies,
participating institutions and general public. Project design risk includes the extent to
which the design of the project exerts negative social and environmental impacts and the
ability to adjust project design to mitigate the adverse issues, in the face of technical and
arrangements complexity. Project implementation risk is related to the risk that the
undertaking project agency lacks sufficient resources, implementation capacity and the
ability of delivery the project on schedule and within budget. Lastly, the rating scale of
those risk factors are assessed based on the probability that the risk will occur. A rating of
“low risk” corresponds the low likelihood of occurring and low impact if does occur. On
the other hand, a rating of “high risk” corresponds to the ones with a high likelihood of
occurring. It is noteworthy that all the ratings are based on the respondents’ professional
judgment and/or personal experience. Another aspect of the data collection requires
soliciting the perspectives of various stakeholders, namely project designer, decision
maker, and the system user.
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9 CHAPTER NINE:
Model Validation
9.1 Case Study 1: Tianjin Binhai New Area:
Tianjin Binhai New Area (TNBA) is a national flagship development zone located
along the west coast of Bohai gulf, Northern China, where economic, financial and
administrative reforms are promulgated under the direct guidance of China’s central
government. As explicitly stated in the national development strategy, i.e., 11th Five-Year
plan, TNBA is regarded as the “third (economic) growth pole” to drive regional and
national economic growth, namely after the other two major development zone that boost
national economic growth: Pudong New Area in Yangtze Delta region and Shenzhen in
Pearl River Delta (Belle 2011; Zhu and Sun 2009). It is bordered by Beijing 140 kilometer
and by Tianjin downtown 40 kilometer to the northeast, covering the area of 2,270 square
kilometer with a population of 2.64 million in which the permanent residents was 1.16
million (Baike 2013). Figure 9.1 illustrates the geographical relationship of TNBA with
Tianjin and Beijing.
The earliest predecessor of TNBA originated to the establishment of “Tianjin
Economic & Technological Development Area” as one of the first pilot cities to promulgate
the opening-up and reform policy of the central government in 1984. Nevertheless, no
substantial investment was made and little attention of the central government was given
to TNBA until 2005. Most of the development in the region was initiated by the local
municipality, hence little attention was given by the central government. During that period
of time, the national priority was to boost share prosperity and reduce the inequality of
coastal area and inland area through regional economic program such as “Western
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Development”, “Revival of Northeastern China” and “Rise of Central China” (Zhu and
Sun 2009). As rapid economic development was achieved at the expense of environmental
degradation and sustainable development was called on the political agenda to reconcile
the “economic boom and social harmony”, TBNA was fully supported by the central
government as a pilot project of national significance in the first time, emerging as an
“experimental zone for comprehensive reform” ( The State Council 2006). Since then, the
strategic importance of TBNA was included in various national policies, including 11th
Five-Year Plan (2005-2010) and the Overall Urban Development Program of Tianjin
(2004-2020), and hence a series of preferential policies from the central government was
granted to TBNA subsequently (Zhu and Sun 2009). As a result, TBNA’s economy has
been continuing to deliver the impressive outcome, with an average growth of 22%
annually from 2005 to 2010. In 2013, the regional GDP reached 802 billion RMB,
equivalent to 129 USD, and the GDP per capita exceeded to 50,000 USD in the same year.
Beyond its economic relevance, TBNA was chosen as a case study on how to
improve urban transport project prioritization strategies at the municipal level. Given that
China’s urban population is projected to rise to about one billion by 2030 to account for 70
percent of the country’s population, there will be great demand for the results (World Bank
2014). The GDP of TBNA is expected to exceed one trillion CNY by 2015, with 12 percent
annual gains from 2011 to 2015 (Wang 2011). Figure 3 illustrates the geographical
relationship of TBNA with Tianjin and Beijing (Economist 2006). The projects selected in
this case studies include seven road construction projects, one city bypass extension project
and one bridge expansion project with the construction period from 2009 to 2015. The
details of the projects are described in Table 1.
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Figure 9.1 Geographic Relationship of TBNA with Beijing and Tianjin (Economist 2006)

9.1.1 Case Study Background:
Table 9-1 Description of the Projects Used in These Projects
Projects
P1
P2
P3
P4
P5
P6
P7
P8
P9

Project Name
Beitang Phase I
Beitang Phase II
Beitang Phase III
Beitang Phase IV
Beitang Phase V
Beitang Phase VI
Beitang Phase VII
Jinhan Bypass
Extension Phase I
Zhaishang Bridge

Project Information
3 arterials, 1 connector road with a total length of 8.3 km
1 arterials, 2 sub-arterials and 2 connectors totaling 10 km
10 connector roads with a total length of 18.5km
1 arterial, 10 connector roads with a total length of 4.28 km
11 connector roads with a total length of 13.87 km
9 connectors roads totaling 10.2 km
13 connectors with a total length of 8.3 km
Highway extension with length of 1.5 km
Four-lane divided overpass bridge with a total length of 0.8 km

Following the proposed framework, the first step is establishing the prioritization
criteria and generate a project score. There are twenty-two criteria within five categories;
they consist of (i) economic criteria: internal rate of return, net present value, benefit cost
ration, traveling time saving and unit saving in fuel efficiency; (ii) engineering criteria:
annual average daily traffic, designed life span of road, adoption of sustainable material &
renewable resource, the improvement of road network density; (iii) environmental criteria:
level of air and noise pollution, % of green area in the total project area, and % of
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investment in environmental protection; (iv) social criteria: number of displaced family
and individuals, public perception of satisfaction with the project, reduction of traffic
accident fatalities and improved accessibility for socially disadvantaged groups; (v) risk
criteria: project external risk, project design risk and project implementation risks. The
selection of the criteria are based on current transport planning practice in TBNA,
requirement of multilateral development banks who sponsor similar projects in China
(World Bank Institute 2011), consultation with experts and experienced professionals, and
literature review (Jones et al. 2013; Litman 2003; Mihyeon Jeon and Amekudzi 2005).
Table 9.2 presents the project score matrix, whose data is from the project feasibility
reports that were produced by consultants and engineers involved in the projects.
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Table 9-2 Project Scores Matrix
Criteria

Sub-Criteria
IRR（%）

P1
12.3

P2
12.84

P3
14.31

P4
11.15

P5
13.5

P6
13.51

P7
15.57
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NPV (￥million)
38.73 467.6 1025.9 38.11 117.59 425.6 137.24
Economic
Benefit Cost Ratio
1.59
1.78
2.07
1.24
1.4
1.74
1.6
Traveling Time Saving
n/a
n/a
n/a
n/a
n/a
n/a
n/a
Unit Saving in Fuel Efficiency (liter/￥)
0.14
0.16
0.15
0.15
0.11
n/a
0.15
Annual Average Daily Traffic ( pcu/h)
5056 3400
1600
1364
n/a
1620 2153.8
Designed Life Span of Road (year)
13.8
11.8
10
10.5
10
10
10
Engineering
Adoption of Sustainable Material &
Yes
Yes
Yes
Yes
Yes
No
Yes
renewable resource
Improved Road Network Density
n/a
n/a
n/a
n/a
n/a
n/a
n/a
1
Expected Air Pollution (mg/m3)
1.116 1.296 0.475 0.475 0.319 0.362 0.475
Expected Noise Level (db)2
60.1
59.8
59.7
62.4
62.8
60.4
62.45
Environmental % of Green Area
41.27 24.02
67.8
34.68
6.5
1.74
4.75
% of Investment in Environmental
3.3
1.2
0.6
3.5
0.7
3.1
1
Protection
# of Displaced Family
116
0
0
0
0
0
0
# of Displaced People
348
0
0
0
0
0
0
Public perception of satisfaction with the
4.2
4.4
4.4
4.4
4.4
4.4
4.4
project3
Social
Reduction of Traffic Accident Fatalities
n/a
n/a
n/a
n/a
n/a
n/a
n/a
Improved Access for Disadvantaged
Groups to Jobs, Education and
No
Yes
Yes
Yes
No
No
Yes
Healthcare
Project External Risk
low
low
low
low
low
low
low
Risk
Project Design Risk
low
low
low
low
low
low
low
Project Implementation Risk
low
low
low
low
low
low
low
1. Max Nitrogen dioxide (NO2) value estimated by Caline4 model
2. Average of estimated max noise level at the affected residential site in day time and in night time, estimated by CadnaA
3. Public perception of satisfaction with the project in the affected region

P8
14.32

P9
10.81

200.02
2.01
n/a
n/a
21500
15

60.59
1.39
n/a
n/a
n/a
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No

No

n/a
0.697
60.45
11.12

n/a
0.315
63
18.8

0.71

2.3

0
0

0
0

3.75

4.19

n/a

n/a

No

No

low
low
low

low
low
low

9.1.2 Results and Analysis:
Weights on these prioritization criteria were determined by designing survey
instruments and conducting surveys with local transport project decision makers, system
users and project designers. All of this forms a comprehensive set of views on TBNA’s
transport investment priorities that represents both indigenous and scientific urban
transport knowledge. The Optimal stratified sampling method was adopted in the survey
process as it works well for sampling units of different sizes to explore in depth of the
stratum with much less units and to obtain the comparable comparison between different
stratum (Jones et al. 2013; McIlwee and Robinson 1992; Neter et al. 1978). Table 9.3
describes the general characteristics of the sample design and the survey implementation.
As the result of the survey, the summary of responses from the survey is shown in Table
4. The following formula, proposed in (Dillman 2011), is used to calculate the sampling
size:
𝑁 ∗ 𝑃 ∗ (1 − 𝑃)

𝑆=

(4)

𝑀 2

(𝑁 − 1) ∗ ( ) + 𝑃 ∗ (1 − 𝑃)
𝐶

Where: N = target population size, M=margin of error (5%), C = Z statistic
associated with the confidence level (95%), P = the assumed proportion of population
(50%), S = minimum sample size required for desired level of precision.
Table 9-3 General Characteristics of Sampling Design and Survey Implementation
Target
Scenario

# of respondents
Sample Size

Population
Decision maker

1,297

# of responses
contacted

296

93

389

300

Project Designer

936

200

263

205

System user

2,635,200

384

505

389

To determine if the weights of three scenario regarding project prioritization in
table 9-5 are significantly different, the Friedman test was adopted to allow for comparison
of differences in rating across multiple test attempts. Essential steps include formulating a
hypothesis, establishing a significant level, establishing critical value and rejection region,
testing statistics, and finalizing decision. The results from SPSS output indicate that when
the level of significant equals 0.01, there exists enough evidence to conclude that the
weights are significantly different.
The project ranking matrix is calculated by multiplying the normalized project
score matrix by the criteria weight matrix. After adopting the group decision-making
proposed in the step 5 of the framework, the final ranking is generated in Table 9.5 to
compare with the original rankings assigned to the projects.
A focus group of experts were consulted to validate the recommended ranking.
All the group members were extensively involved in the urban transport planning in
TBNA area and hence constitute a good representation of the decision maker and project
designer scenarios in TBNA area. The main feedback from the focus group are listed
below:


Project 1, Project 2 & Project 3 should be given the highest priorities since those
projects six arterial roads that connect the residential areas to the employment
area of TBNA



Project 4 consists of ten connector roads that complement the urban road
hierarchy within the TBNA
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Project 8 & Project 9 plan to improve the connectivity and accessibility of TBNA
to other districts of Tianjin. Therefore, these projects should be given higher
priority than Project 5/Project 6/Project 7.



Project 5, Project 6 and Project 7 aim to enhance the mobility of TBNA urban
transport system through road expansion. The current road traffic capacity can
sufficiently meet the traffic demand therefore mobility improvement should be
given the lowest priority.

Table 9-4 Project Ranking Comparisons in TBNA case

Project
Name

Original
Ranking

Project 1
Project 2
Project 3
Project 4
Project 5
Project 6
Project 7
Project 8
Project 9

1
2
3
4
5
6
7
9
8

Proposed Ranking
Scenario 1:
Scenario 2:
Scenario 3:
Decision
Project
System User
Maker
Designer
1
1
1
3
2
2
2
3
3
4
4
4
9
8
9
8
9
8
5
5
5
6
6
6
7
7
7
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Recommended
Ranking
1
2
3
4
5
5
5
4
4

Table 9-5 Computed Weights From All Respondents In TBNA (Adapted From (Jones et al. 2013))

Sub-Criteria

Scenario 1: Decision Maker
Scenario 2: Project Designer
Scenario 3: System User
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
Geometric
Geometric Weights
Geometric Weights
Weights
Number of
Number of
Number of
Mean
Mean
Mean
responses
responses
responses
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IRR

84 186 29 0 1

4.17

0.0493 0 0 16 116 73

1.72

0.0230

NPV
BCR
Unit Saving in Fuel Efficiency Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in Environmental
Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by public
Reduction of traffic accident fatalities
Accessibility for Disadvantaged Groups
Project External Risk
Project Design Risk
Project Implementation Risk

118 173 9 0 0
118 172 9 1 0
9 141 136 13 1
64 182 52 2 0
31 190 79 0 0
46 184 70 0 0
12 141 127 15 5
23 191 86 0 0
104 174 20 2 0
68 199 27 2 4
67 164 67 2 0

4.36
4.36
3.48
4.03
3.84
3.92
3.47
3.79
4.27
4.08
3.99

0.0516
0.0516
0.0411
0.0476
0.0454
0.0463
0.0410
0.0448
0.0504
0.0483
0.0471

0 0 27 108 70
0 0 46 115 44
2 116 81 6 0
95 110 0 0 0
6 11 186 2 0
92 98 15 0 0
18 119 68 0 0
1 186 18 0 0
39 147 19 0 0
66 136 3 0 0
9 65 129 2 0

1.79
2.01
3.56
4.46
3.10
4.38
3.76
3.92
4.10
4.31
3.40

98 192 10 0 0

4.29

0.0507 28 158 19 0 0

128 167
88 159
61 155
86 194
99 165
28 185
64 197
39 219

4.41
4.09
3.86
4.20
4.21
3.74
4.06
3.99

0.0521 12 181 12
0.0483 0 120 85
0.0456 10 98 97
0.0497 37 107 61
0.0498 61 120 24
0.0442 6 190 9
0.0480 43 117 45
0.04713 7 15 183

Source: Authors

5
44
64
16
36
69
32
41

0 0
9 0
20 0
3 1
0 0
18 0
7 0
1 0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0

0 23 256 110

1.78

0.0283

0.0239
0.0268
0.0475
0.0596
0.0414
0.0584
0.0502
0.0523
0.0547
0.0575
0.0453

0 0 29 234 126
0 0 48 257 84
63 272 52 2 0
164 223 2 0 0
0 17 177 185 10
9 110 254 16 0
0 7 109 231 142
0 9 171 189 20
127 257 5 0 0
74 288 27 0 0
2 78 243 65 1

1.75
1.91
4.02
4.42
2.52
3.29
2.21
2.43
4.31
4.12
3.04

0.0279
0.0304
0.0640
0.0704
0.0401
0.0524
0.0352
0.0388
0.0687
0.0657
0.0484

4.04

0.0540

0 29 201 143 16

2.62

0.0418

4.00
3.59
3.58
3.88
4.18
3.99
3.99
3.14

0.0534 5 26 143 184 31
0.0479 2 31 194 150 12
0.0478 0 0 48 244 97
0.0519 17 259 112 1 0
0.0558 6 204 175 4 0
0.0532 7 113 260 9 0
0.0533 3 80 285 21 0
0.0420 14 211 161 3 0

2.46
2.64
1.87
3.75
3.54
3.3
3.17
3.61

0.0392
0.0421
0.0299
0.0598
0.0565
0.0526
0.0505
0.0575

9.2 Case Study Two: World Bank Urban Transport Project:
The second case study is a selection of ongoing or completed World Bank urban
transport projects that dates back to 2008 in China.
9.2.1 Case Study Background:
The surge of urbanization in China has been the fundamental driving force behind
the country’s unprecedented economic success with an average annual GDP growth rate of
9.9 percent in the last three decades. In 2011, China’s urban population had surpassed the
rural population for the first time in history (Bloomberg 2012). In the same year, citydwellers count 82 percent of the U.S. population, and 31 percent of the Indian population
resides in the cities (World Bank 2014). According to a recent research from the United
Nations, the average annual growth rate for the urban population in China is 2.85 percent
from 2010 to 2015 (Xinhua 2013). 300 million rural residents, more than the entire
population of Malaysia today, will have migrated to China’s cities in 15 years (World Bank
2014). The GDP per capita for China in 2012 is 6,091 USD, which is only 12 percent of
the one in U.S. and three times more than India (World Bank 2014). Rapid urbanization
also leads to significant motorization in China. Motor vehicles per 1,000 people have
increased from 15 in 2003 to 37 in 2008, which has almost tripled in 7 years (World Bank
2014). The total number of registered vehicle has surpassed 62 million in 2009 and was
projected to research 200 million by 2020 (ChinaAutoWeb 2010). Such scale and pace of
the urbanization and motorization has posed imminent challenges for many cities in China.
The total passenger traffic volume of urban transport had reached 87 billion,
increasing 12% from 2006 to 2010 (China.org.cn 2011). In the 11th FYP, a priority was
also given to the development of an efficient, safe and integrated transport system. The
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transport sector in China had since undergone a series of institutional reforms. The major
one came in 2008 when the Ministry of Communications, the Sate Post Bureau and the
General Administration of Civil Aviation restructured and jointly formed the Ministry of
Transport (MOT). One of the MOT’s four focuses was on providing more guidance and
support to the development of public transport system.
The 12th FYP, which guides China’s transportation development from 2011 to
2015, continues to emphasize the need of giving priority to public traffic. The plan requires
the implementation of a public traffic priority strategy, aiming to increase the proportion
of public traffic in overall traffic. It also seeks to develop ground rapid transit system
actively, to increase bus line density and station coverage, and to advocate non-motorized
transport options. Zero-distance transfer and seamless connection, passenger ticket
integration and transport safety management are also recommended in the plan to achieve
the objective of improving the traffic service level in China (Gov.cn 2011).
A set of environmental targets were set in the 12th FYP, which includes increasing
non-fossil fuel use to 11.4%, reducing energy use per unit of GDP by 16% and CO2
emissions per unit of GDP by 17% (Gov.cn 2011). It is expected the transportation sector
will play a major role in helping China to reduce the carbon emissions in China, by
developing energy-saving and environment-friendly means and modes of transport.
Jiaozuo Green Transport and Safety Improvement Project:
With a total area of 167 thousand km2 and a population of 94 million people, Henan
is located in the central part of China. It is the largest landlocked province and the third
largest populous provinces in the country (Wikipedia 2014). Henan, by GDP per capita of
5,025 USD in 2012, was ranked as 23rd in the list of 31 Chinese province-level regions
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(excluding Taiwan, Hong Kong and Macau) (Wikipedia 2013). Within the year of 2010,
the newly licensed automobile increased 994 thousand (Dahe News 2011). By the end of
2012, the total number of registered vehicles in Henan has exceeded 16.46 million. In
November 2012, the State Council approved the “Planning for a Central Plains Economic
Zone (CPEZ)”, which covers the entire Henan province and parts of the adjacent provinces
of Shandong, Anhui, Hebei and Shanxi. The planning requires mechanisms for
coordinating urbanization, industrialization and agricultural modernization in the CPEZ as
a pilot model to roll over to other regions in the future (China Briefing 2013).
During the period of 11th FYP, Henan province had invested 167.8 billion RMB in
the transportation sector, increasing more than 26 percent of the investment in 10th FYP.
At the end of 2010, the total length of the road network in Henan reached 245 thousand km
and the road density is 145.8 km per 100 km2, 3.5 times higher than the national average.
In its 12th FYP, Henan aims to invest 204.5 billion RMB to step up the effort (Dahe News
2012). Despite of the continuous investment in transport infrastructure, more effort are
needed to address the various pressing issues at the provincial level, which includes the
regional insufficiency of transport development in the western Henan, low transport service
level and segmented approach for urban and rural transport management (Baidu 2011).
Jiaozuo, a prefecture-level city in the northern Henan province, is bordered to the
north of the provincial capital of Zhengzhou and the northeast of Luoyang, which is the
second largest city in Henan province. Jiaozuo administered 4 districts, 2 county-level
cities and 4 counties, of which the total population was 3,539,860, and the urban population
was 838,350 at the 2010 census. In 2011, the GDP per capita for Jiaozuo was 40,810 RMB,
ranking the 4th among all the prefecture-level cities in Henan province, compared to 56,855
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RMB of Zhengzhou and 28,611 RMB of the average value for Henan province (Liu and
Liu 2011). During the period of 11th Five-Year-Plan (2006-2010), the annual growth rate
for GDP per capita was 13.2 percent. In 2012, 6.1 percent of the rural population and 4.4
percent of the urban population in Jiaozuo had lived below the national poverty line
(National Bureau of Statistics Information Network 2012).
Rapid motorization has led to more road accidents and aggravated the air pollution,
which have become major constraints for the sustainable development of Jiaozuo.
Although the overall number of traffic accidents had decreased from 2006 to 2011, the
traffic fatality rate had increased approximately 33 percent and all the 82 accident-prone
locations were found in the central urban area. Nitrogen Oxides (NOx) emissions, of which
motor vehicle are the primary source, had increased 26 percent in Jiaozuo from 1996 to
2000, from 0.051 mg/m3 to 0.064 mg/m3 (Mian 2002). In 2005, Jiaozuo was ranked the
eighth most polluted city in China, according to the Ministry of Environmental Protection.
The objectives of Jiaozuo Green Transport and Safety Improvement Project
(“Jiaozuo” in below) are to promote transport efficiency, safety and non-motorized trips
within the pilot green corridor in Jiaozuo city, Henan Province.
Wuhan Second Urban Transport Project
Wuhan is the capital city of Hubei Province and is an eighth most populous city in
China. It is regarded as a major economic and transportation hub with three railway
stations, eighteen bridges and two tunnels across the Yangtze River and a metro system
with a total system length of 72 km (Baidu 2014). As of 2013, the city has a population of
10.2 million people occupying a land area of 8,494 square kilometers. In 2012, the city’s
GDP exceeded 800 billion CNY with an annual growth rate of 11.4 percent (Wikipedia
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2012). With regards to urban transport, the current city public transport system encompass
a fleet of 48 ferries, more than 7,000 buses and trolley buses and three metro lines with 62
stations (Baidu 2014).
Wuhan is no exception to many of the urban transportation challenges that have
plagued many cities in China. To meet the demand of rapidly increasing urban population,
Wuhan municipal government had carried out ambitious road capacity expansion plan,
which further dampened the mobility on non-motorized modes and incurred tremendous
financial burdens for road maintenance and rehabilitation. In addition, the planning process
for such supply-driven solution is not carried out in a systematic and comprehensive
manner. Hardly any city infrastructure prioritization program exists in Wuhan, as is the
case elsewhere in most developing countries.
Besides the rapid growth in urbanization and motorization and the accelerated
investment in road capacity without adequate planning, major issues also consist of
declining non-motorized transport, traffic congestion resulting from inadequate transport
supply and demand management, lack of funding for road maintenance and rehabilitation
programs and low quality of public transport service.
The objective of project is to improve mobility for urban traveler in the city of
Wuhan in a safe, integrated and environmentally sustainable manner, which consist of
improving urban traffic management and safety through traffic enforcement, education
campaigns and engineering measures, supporting priority incremental public transport
improvements, upgrading and rehabilitation of selected urban roads, carrying out studies
and training for strengthening the urban transport planning capacity of Wuhan
municipality, Hubei Province.
101

Changzhi Sustainable Urban Transport Project
Changzhi is a prefecture-level city located in the southeastern area of the Shanxi
province with the population of 540,000. The city is a regional transportation center, which
connects one airport, five highways, and two railways (Wikipedia 2014). Changzhi is
renowned for its natural scenery and its environmental preservation. In 2009, it was
awarded in National Garden City by the Ministry of Housing and Urban-Rural
Development. From 2000 to 2009, the economy of Changzhi had grown with an annual
rate of over thirteen percent whereas the municipal population has increased by nearly
twenty percentage annually. Meanwhile, Changzhi experienced a strikingly high growth of
motorization, at the rate of 46% from 2005 to 2009. Like many burgeoning cities in the
developing countries, Changzhi is facing a grim challenge of traffic accident fatalities. 44
percent of the 176 traffic accidents registered from 2007 to 2010 are fatal, which is 1.68
times than the national average level. Another challenge induced by the rapid motorization
and urbanization is severe congestion on the urban arterial roads (World Bank 2012). The
objective of the project is to enhance the mobility and accessibility of urban transport
system in a safe, efficient, inclusive and sustainable manner for the city of Changzhi.
Qinghai Xining Urban Transport Project
Xining is the largest city on the Tibetan Plateau and the provincial capital of
Qinghai Province in western China, with the total population of 2.2 million. In 2000, the
Government of China (GoC) rolled out the Western Region Development Strategy to
support the socio-economic development of the western China, which had fallen short of
the economic development and urbanization in the rest of the China. From 2000 to 2009,
GoC had invested US$361 billion in 120 major projects in the western region, resulting in
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11.9 percent of annual GDP growth that outperformed the national average over the period
(World Bank 2013). In light of such a pro-growth strategy, Xining has undergone a doubledigit economic growth in ten years. Nevertheless, Xining’s disposable income and GDP
per capita, $4307 and $2134 accordingly, are both below the national average level (World
Bank 2013).
The economic development in recent years has spurred an unprecedented
motorization in Xining, with annual growth of 14.7% over the last decade. Without
appropriate intervention measures, such unfettered motorization would lead Xining into
the same unsustainable and inefficient urban transportation development patterns that are
common in many larger cities in China, including severe traffic congestion, high traffic
accident fatalities rate, degrading urban environment and deteriorating quality of life for
the city dwellers in Xining. On the other hand, the current transport mode share for nonmotorized transport is 42.7% and the public transport mode takes up 40% of the modal
share in Xining (World Bank 2013). As Xining is entering a period of rapid urban
development, the above-mentioned concerns and issues have called for the Xining
municipal government to develop an efficient, sustainable and inclusive urban transport
system.
The project development objectives of this World Bank-sponsored project are
three-folds. First, it is to reduce public transport traveling time. Second, it is to facilitate
the public transport usage on the project corridor. Third, it is to improve the satisfaction
rating by public transport users. Fourth, it is to reduce the transport-related fatalities (World
Bank 2013).
Xinjiang Yining Urban Infrastructure Improvement Project
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The regional development in western China has been regarded as a national priority
since the launch of the Western Region Development Strategy in 2000. In addition, the
12th Five-Year Plan for China’s Economic and Social Development from 2011 to 2015
had called for the additional support to infrastructure development in the minority
concentrated areas in the region, especially in the area of urban transport infrastructure and
services (World Bank 2012). Nevertheless, there is a significant gap in the provision of
urban transport infrastructure between the western region and the rest of China, with the
urban road space per resident in western China being 17.7% lower than the rest of China
in 2009 (World Bank 2012).
Yining is a prefecture-level city located in the northwest of Xining Uygur
Autonomous Region, with a total area of 676 km2 and a population of 470,000 in 2010. In
addition, the city’s population is expected from the current level to 650,000 by 2020 and
900,000 by 2030 (World Bank 2012). As a result of rapid economic development, there is
also a significant increase in motorization from 2007 to 2010, with an average rate of 5.3%.
Such drastic increase of motorized ownership, coupled with the insufficient development
of the public transport, has resulted in traffic congestion and high traffic accidents fatalities
rate.
The objective of the proposed project is to improve the transport accessibility and
mobility in a safe, efficient and clean manner in the selected corridors of Yining.
Hubei Xiangyang Urban Transport Project
Xiangyang is a prefecture-level city located in Hubei province, which is in the
easternmost part of the central China. The total population of Xiangyang is 57,235,740 as
in 2010 (Wikipedia 2010). As specified in the Directive 46 issued by the State Council in
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2005 and the National Road Safety Law of 2004, provincial and city governments have the
mandate to prioritize infrastructure investment in urban public transportation, especially
for cities in central and western China that lack of institutional capacity of urban
transportation planning and management (World Bank 2012). What appears to become an
all-too-familiar urban development pattern in China is that rapid economic growth and
urbanization lead to the high motorization, which worsens city dwellers’ quality of life and
accelerates the social inequality.
Xiangyang government realized the gravity of this issues and determined to reserve
such unsustainable development pattern by collaborating with World Bank to invest its
urban transport projects and to strengthen its urban transport planning capacity. 460,000
people is expected to benefit from this project by 2016 (World Bank 2012). The proposed
project objective is to enhance the accessibility and mobility of urban transportation system
through the demonstration of safety intervention for NMT travelers, bus priority facilities
and traffic management on the selected transport corridors in Xiangyang.
Xi’an Sustainable Urban Transport Project
Xi’an is the provincial capital of Shaanxi province located in the northwest of
China and is the starting point of the “Silk Road” with 8.47 million people, according to
2010 census (Wikipedia 2014). In line with the China Western Development strategy in
the 10th and 11th Five-year Plans, Government of China (GoC) has designated Xi’an as
one of the three major metropolitans to be developed and invested in the western regions.
As a result, Xian has enjoyed accelerated attention over the years, with an annual growth
rate of 14.5 percent. Coupled with the rapid economic development, the total population
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of the city had grown significantly as well, increasing by 656,700 from 2000 to 2005
(Wikipedia 2014).
Xi’an is facing the dual challenges of urbanization and motorization, which is very
common to most of the urban areas in China. As economic growth rate was averaged 10.4%
from 1990 to 2001, the rate of road traffic growth was at the level of 15.7% per annum
over the same period (World Bank 2008). Other issues in Xi’an transport sector include
competing interests between economic growth and culture preservation, lack of functional
hierarchy for urban roads, limited provision of NMT facilities, inadequate public transport
system. Among those, a high level of traffic facilities rate had stood out as the most pressing
issue in Xi’an. In 2005, the traffic fatality rate in Xi’an was 14.2 death per 10,000 residents,
whereas the national average rates for China, U.S. and U.K are 13.7, 1.6 and 1.0,
respectively, in the same year (World Bank 2008).
Built on the past World Bank experience in investing in China’s urban transport
sector, the following elements were reflected in the project design to ensure the success of
the implementation: (i) client driven agenda; (ii) public participation in the identification,
planning and design of the investment; (iii) assigning the traffic management
implementation responsibility solely to traffic police; (iv) emphasis on priority to public
transport, road safety and vehicular emission control. The project aimed to enhance
transport mobility and accessibility in Xi’an, with a focus on preserving culture heritage
and mitigating the environmental impact of the urban transport system (Baidu 2014; World
Bank 2008).
Taiyuan Urban Transport Project
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Taiyuan is the capital city of Shanxi province in North China, with the urban area
of 1,460 km2 and the population of 4.2 million according to 2010 census (Wikipedia 2014).
Benefiting the Government of China’s initiative of “Rise of Central China”, the GDP in
Taiyuan had reached ￥ 241.3 billion in 2013, increasing 8.1 percent from 2012 (Baidu
2014). As Taiyuan is undertaking the primary road infrastructure project, its public
transport service has received inadequate attention. Under the implementation of the
National Road Safety Law promulgated in 2004, Taiyuan is stepping up its efforts to invest
more on public transport and prioritize the transport need of the most vulnerable users such
as pedestrians and cyclists.
Major urban transportation issues in Taiyuan include: uncoordinated transportation
development and urban expansion, road capacity constraints on freight transportation, lack
of investment in public transportation, lack of competition among public transport service
providers, transport emission and air quality degradation, and lack of a comprehensive
traffic safety and management plan (World Bank 2010). To address these issues, World
Bank was requested by Government of China to support Taiyuan’s urban transport
infrastructure development, by providing financial and advisory support to its urban
transport planning and operation practices. Improving the mobility on the selected transport
corridors in Taiyuan is the major objective of this World Bank financed project.
The following table 9.6 describes the project information of all eight projects in
case two. Table 9.7 presents the project score matrix, in which the data are collected from
the Project Appraisal Document (PAD) and Environmental Assessment (EA) as the
integral part of the World Bank lending project management. Using the same survey
procedure in the case one, a summary of the response from the survey in eight cities in
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shown in Table 9.8. Finally, the final rankings in case two are presented in table 9.9, by
adopting the above-mentioned framework illustrated in figure 8.1.
Table 9-6 Projects Information in World Bank Urban Transport Projects
Projects Project Name

P1

P2

P3

Project Information

It consisted of a walking and biking trail with the
length of 16.92 km, construction of one bus
interchange, construction and upgrading of five
bus depots and improvement component and a
Jiaozuo Green Transport
safe system improvement on the selected
and Road Safety Integrated
transport corridors. The total investment was
Improvement Project
estimated to be US$200.19 million. The
construction period was completed in 2008. The
project started on May 2014 and expected to
complete on December 2019 (World Bank 2014).
On-street priority to buses is provided to four road
corridors with a total length of 29.9 km. Four
public transport transfer terminals/interchanges
with the capacity of 143 overnight bus parking
spaces were constructed to promote the park and
Wuhan Second Urban
ride from NMT and transfer from private to public
Transport Project
transport modes. Construction, upgrading and
rehabilitation were implemented on three links of
urban road network with a total length of 57.8 km.
Project implementation date began in March
2010, and the closing date was scheduled to be in
December 2015 (World Bank 2010).
The project implements an integrated corridor
improvement on a 24 km-long urban arterial
corridor, including bus priority lane, road
construction and rehabilitation, NMT transport
facilities, road markings, bridge reconstruction,
Changzhi Sustainable
junction channelization, traffic signal control
Urban Transport Projects system, one public transport transfer hub, two bus
depots, and intelligent Urban Transport
Management System.
The project implementation period started on
March 2012 and was expected to finish the project
on June 2017 (World Bank 2012).
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P4

Qinghai Xining Urban
Transport Project

P5

Xinjiang Yining Urban
Transport Improvement
Project

P6

Hubei Xiangyang Urban
Transport Project

P7

Xi’an Sustainable Urban
Transport Project

The first component of the project is the
construction of three short sections with the total
length of 10km. The second component consists
of bus priority lanes, bus terminal enhancements,
construction of NMT facilities. The project also
encompasses a component of Intelligent Traffic
Management, including installing traffic
command and control systems.
The project implementation date started in
December 2013. The closing date for the project
would be on September in 2019 (World Bank
2013).
The construction component of the project
includes: (i) the rehabilitation of two arterial roads
and eight secondary roads with the total length of
30km; and (ii) the construction of five arterial
roads and ten secondary roads totaling 42km. The
starting date of the project is October 2012 and it
expected to finish in December 2017.
The project involves the construction of selected
arterial and secondary roads totaling 17.182 km,
upgrading of public transport priority facilities,
construction of 25 bus stops and 13 platforms,
intelligent transport system equipment, and NMT
safety facilities. The project implementation
period started in April 2012 and expected to be
completed on March 2017 (World Bank 2012).
The investment components of the project consist
of upgrading of urban arterial networks with
13.51 km in road and 868m of bridges and
tunnels, construction of one bus depot and two
terminals, installation of public transport priority
management on selected corridors totaling 128.43
km, construction of a network of bicycle routes
connecting major tourist attractions. The project
is expected to start its implementation period from
September 2008. The end date of the project is
estimated to be December 2014 (World Bank
2007; World Bank 2008).
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P8

The investment part of the project consists of a 6lane urban arterial road with a total length of 11
km, an 11.45-km long bus rapid transit system
Taiyuan Sustainable Urban
with 2 bus depots and 3 bus terminals. The project
Transport Project
started the implementation phase in July 2015 and
expected to complete in June 2016 (World Bank
2010).
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Table 9-7 Project Scores Matrix in the World Bank Urban Transport Projects
Criteria

Sub-Criteria

Taiyuan

Xi’an

Xiangyang

Jiaozuo

Wuhan

Changzhi

Xining

Yining
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IRR（%）
13.5
14
17.1
17.39
15.3
19.2
16.1%
n/a
NPV ($ million)
45.7
296
613
142.04
138.4
154
67.90
n/a
Benefit Cost Ratio
n/a
n/a
n/a
1.59
n/a
n/a
1.28
n/a
Economic
Traveling Time Saving (min) 1
12
n/a
n/a
5.7
7
n/a
3.8
3.3
Unit Saving in Fuel Efficiency (liter/￥
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
)
Annual Average Daily Traffic (pcu/h)
8155
4208
n/a
2233
41246
3028
2650
827
Designed Life Span of Road (year)
15
15
15
15
15
13.75
13
11.7
Engineering
Adoption of Sustainable Material &
n/a
No
No
Yes
No
No
n/a
No
renewable resource
5
Improved Road Network Density
n/a
50%
n/a
566.67%
n/a
420%
n/a
Expected Air Pollution (mg/m3) 2
0.305
0.140
0.1815
0.164
0.679
0.5517
0.607
0.113
Expected Noise Level (db) 3
71.9
77.9
67.2
67.4
80.2
64.2
65.9
68.4
Environmental % of Green Area
14.73
16.7
n/a
n/a
25
17897.021/
20.2
29.5
% of Investment in Environmental
2.02
1.0
5.96
1.45
3.34
1.87
1.75
2.61
Protection
# of Displaced Family
2193
527
272
38
391
0
121
778
# of Displaced People
7752
2385
1498
120
1486
0
536
2837
Public perception of satisfaction with
5.0
4.0
4.16
4.8
3.46
4.7
3.75
4.0
the project4
Social
Reduction of Traffic Accident
0.15
n/a
0.33
1.7
6
1.35
0.5
0.69
Fatalities 6
Improved Access for Disadvantaged
Groups to Jobs, Education and
No
Yes
Yes
Yes
Yes
No
Yes
No
Healthcare
Project External Risk
n/a
Substantial
Low
Moderate Moderate
Low
Moderate
Large
Risk
Project Design Risk
Substantial Substantial Moderate Substantial Moderate Moderate Moderate Moderate
Project Implementation Risk
Moderate Moderate
Moderate
Moderate Moderate Moderate Moderate Moderate
2, Max Nitrogen dioxide (NO2) value estimated by Caline4 model
3. Average of estimated max noise level at the affected residential site in day time and in night time, estimated by CadnaA
4, Public perception of satisfaction with the project in the affected region
5, Increased number of intersection with traffic signals
6, Average of expected AADT of Heping Road and Jiefang Road; Percentage of decrease in the number of traffic accident fatalities reduction per 10,000
motorized vehicles

Table 9-8 Computed Weights From All Respondents in the World Bank Urban Transport Projects in China (Adapted From (Jones
et al. 2013))
Sub-Criteria
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IRR
NPV
BCR
Unit Saving in Fuel
Efficiency Saving
Traveling Time Saving
Designed Life Span of
Road
Annual average daily
traffic
Adoption of Sustainable
Material
Improvement of Road
Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in
Environ. Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by
public
Reduction of traffic
accident fatalities
Accessibility for
Disadvantaged Groups
Project External Risk
Project Design Risk
Project Implementation
Risk

Scenario 1: Decision Maker
4 3 2 1
Geometric
Weights
Number of
Mean
responses
73 200 46 0 0
4.08
0.0489
56 159 95 9 0
3.82
0.0458
113 148 58 0 0
4.17
0.0500
5

5

0
0
0

Scenario 2: Project Designer
4 3 2 1
Geometric Weights
Number of
Mean
responses
0 2 200 117
1.64
0.0221
1 23 209 86
1.81
0.0244
0 57 203 59
1.99
0.0269

28 132 120 36 3

3.46

0.0414

11 155 142 11

78 169 70 2 0

4.01

0.0481 158 145 16

40 183 91 5 0

3.81

0.0456

3

59 169 90 1 0

3.90

0.0467

46 225 48

19 151 131 15 3

3.53

33 175 110 1 0

5

0
0
0

Scenario 3: System User
4 3 2 1
Geometric Weights
Number of
Mean
responses
0 15 182 123
1.66
0.0269
0 16 180 124
1.66
0.0269
0 48 198 74
1.92
0.0311

0

3.52

0.0476

57 204 59

0

0

3.99

0.0647

0

0

4.45

0.0600 140 175 5

0

0

4.42

0.0716

48 244 24

0

3.09

0.0418

0

13 145 156 6

2.52

0.0407

0

0

3.99

0.0539

7 176 133 4

0

3.58

0.0580

0.0422

28 179 110 2

0

3.73

0.0504

0

0

76 186 58

2.06

0.0333

3.75

0.0449

54 190 75

0

0

3.93

0.0531

2

6 104 184 24

2.31

0.0374

111 142 65 1 0
80 177 62 0 0
70 170 77 2 0

4.14
4.06
3.97

0.0496 75 194 44 6
0.0486 100 174 42 3
0.0475 4 155 150 10

0
0
0

4.06
4.16
3.48

0.0548 105 149 66 0
0.0562 98 140 81 1
0.0470 4 86 156 73

0
0
1

4.12
4.05
3.06

0.0668
0.0655
0.0496

119 160 40 0 0

4.25

0.0509

7 170 133 9

0

3.55

0.0479

0

41 155 115 9

2.71

0.0439

99 182 38 0 0
73 168 76 2 0

4.19
3.98

0.0502
0.0476

67 179 71 2
8 142 167 2

0
0

3.97
3.49

0.0537
0.0471

0
0

4 116 182 18
18 125 160 17

2.33
2.45

0.0378
0.0397

127 148 44 0 0

4.26

0.0510 104 173 42

0

0

4.19

0.0567

17 160 127 16

0

3.56

0.0576

118 142 56 3 0

4.18

0.0500

43 202 74

0

0

3.90

0.0527

28 179 103 10

0

3.70

0.0600

112 182 25 0 0

4.27

0.0512

9 178 131 1

0

3.61

0.0488

0

6

2.82

0.0456

32 165 107 14 1
84 151 79 5 0

3.67
3.98

0.0439 109 201 7
0.0477 68 194 56

2
1

0
0

4.31
4.03

0.0582
0.0545

7 106 161 45 1
0 0 47 179 94

3.23
1.85

0.0523
0.0300

90 154 71 3 0

4.03

0.0482

42 244 23

1

3.11

0.0420

27 187 102 4

3.74

0.0606

9

43 181 90

0

Table 9-9 Project Ranking Comparisons in the World Bank Urban Transport Projects in
China

Project Name

Xi'an (P1)
Wuhan(P2)
Changzhi (P3)
Xiangyang
(P4)
Yining (P5)
Xining (P6)
Jiaozuo (P7)
Taiyuan (P8)

Original
Ranking
1
2
3

Proposed Ranking
Scenario 1:
Scenario 2:
Scenario 3:
Decision
Project
System
Maker
Designer
User
P2
P2
P2
P4
P8
P8
P8
P4
P4

Recommended
Ranking
5
1
6

4

P7

P7

P6

3

5
6
7
8

P6
P1
P3
P5

P6
P1
P3
P5

P7
P3
P1
P5

7
4
4
2

9.2.2 Results and Analysis:
The results in Table 9-9 indicate that the Wuhan project was determined to have
the highest priority while the Tianyuan project the least. For different scenarios, highest
rated criteria and lowest rated criteria vary. Additionally, table 9-8 shows that the
highest rated criterion is Accessibility for Disadvantaged Groups for the decision
maker, Traveling Time Saving for project designer and system user. In the contrast, the
lowest rated criterion for both project designer and system user is Internal Rate Return,
whereas for the decision maker is the Unit Saving in Fuel Efficiency. Such survey
outcome fits the author’s impression from the previous interviews that decision maker
expressed the greatest worry about the development of a more inclusive transport
environment, and the least about project’s impact on individual vehicle fuel saving. On
the other hand, both the project designer and system user attach great importance to the
alleviation of traffic congestion, meanwhile the economic benefits brought by the
projects are given the least priorities since the two groups expressed their deepest
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grievances to prolonged travel time and the degrading urban air quality caused by the
traffic congestion.
To validate the proposed framework, the results were presented to a focus
group, whose members have direct experience with the planning and the development
of the projects investigated in the case study (Appendix V). While acknowledging the
necessity of effective project prioritization mechanism in practice, below are the
consensus formed by the focus group in terms of the project ranking.


Wuhan and Taiyuan are two provincial capitals in central China, which have a
population over 14 million people. Therefore, urban transport projects in these
two cities should be given highest priorities for its significant impact on the
regional economy and have the potential ripple effect in other parts of China.



Xiangyang is located in a strategic geographical location, which is adjacent to
four provinces such as Hubei, Hunan, Chongqing and Shanxi. The transport
project in Xiangyang would address the bottleneck and connect the missing link
to enhance the accessibility and mobility in four provinces.



Jiaozuo is a renowned tourist destination in Henan province. It is believed that
the proposed project could effectively boost Jiaozuo tourism industry.



There are five categories in China city classification system based on the urban
population. “Super-size” cities have more than 10 million residents. Cities with
a population between 5 million and 10 million are under “Extra Large-sized”
cities. “Large-sized” cities cover the population between 1 to 5 million, whereas
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“Medium-sized” cities refer to those with a population between 500,000 to 1
million. Cities with less than 500,000 are classified as small-sized, to which
none of the project cities in the case studies belongs to. According to this
classification system, Changzhi belongs to Extra Large-sized category and
Yining is a Large-sized city. Compared to other cities, these two have the least
population and, therefore, least impact in terms of project affected population.
Therefore, these two cities should be given the lowest priorities in rankings.
Another classification system for China’s cities is based on the development of
services, infrastructure, cosmopolitan nature and population. The comparisons between
focus group ranking and the recommend ranking are illustrated in table 9-10. Hence, it
is observed that the two rankings share the same top two and bottom two entries, which
indicates what projects to initiate and what projects to eliminate given that the resources
are scarce. Therefore, the robustness and validity of the proposed framework are
verified.
Table 9-10 Focus Group Ranking Comparisons in the World Bank Urban Transport
Projects in China
Populationbased
Super-sized
Extra Large
Sized

Project City

Tierbased

Wuhan (P2)

Tier 1

Xi’an (P1)

Tier 2

Xiangyang
(P4)

Large-sized

Changzhi
(P3)
Xining (P6)

Tie 3

Project
City

Focus Group
Ranking

Recommended
Ranking

P2

P2

Wuhan
(P2)

P8

P8

Xi’an (P1)

P1

P4

P6

P6/P7

P4

P1

P7

P3

Taiyuan
(P8)
Changzhi
(P3)
Xining (P6)
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Jiaozuo
(P7)
Taiyuan
(P8)
Mediumsized

Yining (P5)

Small-sized

Taiyuan
(P8)

Tier 4
Tier 5

P3/P5

P5

Jiaozuo
(P7)
Xiangyang
(P4)

It is noteworthy that in the feasibility study of the above projects, there are four
indicators that are used to evaluate the air quality. They consist of SO2, NO2, PM10
and TSP (Total Suspended Particular). However, six principal pollutants have been
examined by the Environmental Protection Agency in U.S. : Carbon Monoxide (CO),
Lead (Pb), Nitrogen Dioxide (NO2), Ozone (O3), Particulate Matter (PM-10) and
Sulfur Dioxide (SO2). In particular, EPA had replaced PM10 standard with the earlier
TSP air quality standard, which is still being used as Chinese standard (GB/T154321995) (EPA 2012).

116

10 CHAPTER TEN:
Conclusion and Future Study
The unprecedented growth of economic development and urbanization in
developing countries has placed tremendous stress on urban transport infrastructure to
meet the increasing demand of the urban population. It is estimated that the world needs
to invest $57 trillion in infrastructure from 2013 to 2030 to sustain the basic level of
economic growth. Among various infrastructure categories, road transport
infrastructure is projected to have the largest funding deficient, accounting for 29
percent of the global infrastructure gap (Dobbs 2013). Given the global financial crisis
and weak growth of the global economics, the funding gap between the investment need
and resource available poses grave challenges for developing countries in particular.
There is a $100 billion deficient for infrastructure funding in Sub-Saharan countries per
annum, and the BRICS countries require $1 trillion for new infrastructure projects
annually (Kim 2014). To close such enormous infrastructure funding gap, decision
makers must optimize the urban transport decision making process; develop systematic
project selection mechanism to match the needed projects with available funds to reflect
community needs; prioritize urban transport projects at regional and network level
based a fact-based and transparent approach.
The current urban transportation decision making environment in developing
countries is characterized by lack of public involvement and consistency, limited
coordination between various stakeholders, failure to link project evaluation to project

117

prioritization, lack of project prioritization criteria that are multi-modal and sustainable.
Therefore, this research effort calls for a paradigm shift in project prioritization to
overcome the above-mentioned obstacles in the current urban transport decision
making process, by strengthening the link between project planning and programming
and incorporating a diverse set of policy objectives proposed by various stakeholders.
A scenario-based multi-criteria framework was proposed to prioritize urban
transport projects within developing countries and was applied to a real world situation
in the Tianjin Binhai New Area in China. The framework incorporates scenario
planning and group decision-making techniques in a multiple-criteria decision analysis
environment to achieve objectives based on sustainable criteria. A five-step
methodology was proposed to incorporate public participation and to achieve objectives
that are based on sustainable criteria. The preliminary result of the case study has shown
that the proposed framework adequately addresses the concerns of the local community.
The proposed framework was applied to a large set of diverse candidate urban transport
projects with a broad geographical distribution. In addition, the methodology was
further refined and validated by employing a state-of-art integrated MCDA approach
combining ELECTREE III and PROMETHEE II. Therefore, it provides the best
alternative for decision makers to take into consideration through the efficient use of
existing project evaluation information and inputs of various stakeholders. The
practical contribution of the paper is the creation of a consistent, robust and
comprehensive infrastructure project prioritization strategy that reconciles diverse
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perspectives among stakeholders while at the same time introducing sustainability in
urban transport decision making and linking the prioritization process to the
transportation planning that precedes it.

119

REFERENCES
Airoldi, M., Biscarini, L., and Saracino, V. (2010). "The Global Infrastructure
Challenge: Top Priorities for the Public and Private Sectors." Report by the
Boston Consulting Group (BCG),.
Ampt, E., and Richardson, A. "The validity of self-completion surveys for collecting
travel behaviour data." Proc., TRANSPORTATION PLANNING METHODS:
VOLUME 11. PROCEEDINGS OF SEMINAR H HELD AT THE 22ND PTRC
EUROPEAN TRANSPORT FORUM, UNIVERSITY OF WARWICK, ENGLAND
SEPTEMBER 12-16, 1994. VOLUME P380.
Andersen, D. L. (2012). "Your Community's Transportation System." D. o. Commerce,
ed.
Anderson, B. F., and Anderson, B. (1966). The psychology experiment: An introduction
to the scientific method, Wadsworth Publishing Company.
Baidu (2011). "Henan Province Road and Waterway Transportation 12th Five-year
Plan." <http://wenku.baidu.com/view/ded6ff30b90d6c85ec3ac6cc.html>.
Baidu
(2014).
"Taiyuan."
<http://baike.baidu.com/subview/8455/7009118.htm?fr=aladdin>.
(10/15,
2014).
Baidu
(2014).
"Wuhan."
<http://baike.baidu.com/subview/1267/15365919.htm?fr=aladdin#6>.
Balali, V., Zahraie, B., and Roozbahani, A. (2014). "Integration of ELECTRE III and
PROMETHEE II Decision-Making Methods with an Interval Approach:
Application in Selection of Appropriate Structural Systems." Journal of
Computing in Civil Engineering, 28(2), 297-314.
Bank, T. W. (1987). "Urban Transport. A World Bank policy study. ."
<http://documents.worldbank.org/curated/en/1987/02/8568412/urbantransport>.
Bank, W. (2014). "Urban China: Toward Efficient, Inclusive, and Sustainable
Urbanization." World Bank.
Bartholomew, K. (2007). "Land use-transportation scenario planning: promise and
reality." Transportation, 34(4), 397-412.
Behling, O., and Law, K. S. (2000). Translating questionnaires and other research
instruments: Problems and solutions, Sage.
Beijing (2005). "Beijing Transportation Development Framework." B. M. C. o.
Transport, ed.
Belle, I. (2011). "FROM ECONOMIC GROWTH TO SUSTAINABLE REGIONAL
DEVELOPMENT? THE CASE OF CHINA'S TIANJIN BINHAI NEW
AREA." Regions Magazine, 282(1), 15-18.
Belton, V., and Stewart, T. (2002). Multiple criteria decision analysis: an integrated
approach, Springer.
Berechman, J., and Paaswell, R. E. (2005). "Evaluation, prioritization and selection of
120

transportation investment projects in New York City." Transportation, 32(3),
223-249.
Berry, J. W. (1969). "On cross‐cultural comparability." International journal of
Psychology, 4(2), 119-128.
Bhandari, S. B., Shahi, P. B., and Shrestha, R. N. "Multi-criteria Evaluation for Ranking
Rural Road Projects: Case study of Nepal."
Bloomberg (2012). <http://www.bloomberg.com/news/2012-01-17/china-urbanpopulation-exceeds-rural.html>.
Boarnet, M. G. (2007). "Conducting Impact Evaluations in Urban Transport." The
World Bank.
Bond, A., Grant, M., Bauer, J., Miller, S., Bowen, B., Martin, L., and Giragosian, A.
(2013). "Programming for Operations: MPO Examples of Prioritizing and
Funding Transportation System Management & Operations Strategies."
Brög, W. "Raising the Standard!" Proc., Keynote paper zur internationalen Konferenz" Transport Survey Quality and Innovation.
Braunisch, V., and Suchant, R. (2010). "Predicting species distributions based on
incomplete survey data: the trade‐off between precision and scale." Ecography,
33(5), 826-840.
Burns, N. (2005). "The practice of nursing research : conduct, critique, and utilization."
S. K. Grove, ed., Elsevier/Saunders, St. Louis, Mo. :.
Campbell, B., and Humphrey, T. F. (1988). Methods of cost-effectiveness analysis for
highway projects.
Cherry, C. (2005). "China's Urban Transportation System: Issues and Policies Facing
Cities."
China Briefing (2013). "China Approves Plan for Creation of the Central Plains
Economic Zone." <http://www.china-briefing.com/news/2013/01/03/chinaapproves-plan-for-creation-of-the-central-plains-economic-zone.html>.
China.org.cn (2011). "China's transport development in the '11th Five-Year Plan' period
and the prospective development in the '12th Five-Year Plan' period ",
<http://www.china.org.cn/china/2011-01/18/content_21762454_2.htm>.
ChinaAutoWeb (2010). "How Many Cars are There in China?".
Cochran, W. G. (2007). Sampling techniques, John Wiley & Sons.
Cole, S. (2001). "Dare to dream: Bringing futures into planning." Journal of the
American Planning Association, 67(4), 372-383.
Congress, U. (1998). "Transportation Equity Act for the 21st Century." Public Law,
105-178.
Csicsely-Tarpay, M., Tapio, R., and Talvitie, A. (1996). "Using a pavement management
system for allocating resources: Case study of Hungary." Transportation
Research Record: Journal of the Transportation Research Board, 1518(1), 7884.
Cullen, D. (2013). "ASCE: Infrastructure-funding gap must be bridged." Fleet Owner.
Curtis, C. (2012). Institutional barriers to sustainable transport, Ashgate Publishing,
121

Ltd.
Dahe News (2011). "Henan Vehicle Capacity Over 16.46 Millions."
Dahe News (2012). "Henan 12th Five Year Road and Waterway Transportation Plan."
De, J., Roy, S. K., and Dutta, M. (2011). "Management of transportation system and
prioritization of transport infrastructure projects." International Journals of
Marketing and Technology, 1(4), 203-214.
Delaine, G., and Mundial, B. (1992). The social dimensions of adjustment integrated
survey: a survey to measure poverty and understand the effects of policy change
on households, World Bank Washington, DC.
Delhi City Government (2015). "Future Transport Policy - Delhi Master Plan MPD
2021."
Deming, W. E. (2006). "On errors in surveys (an excerpt)." The American Statistician,
60(1).
Department of Labor (2010). "Fact Sheet Protection for Urban Transit Workers." D. o.
Labr, ed.
Dexter, R. (2014). "A $6.8 Trillion Price Tag for China's Urbanization."
<http://news.xinhuanet.com/english/china/2014-03/16/c_133190495.htm>.
(10/18, 2014).
Dickey, J. W. (1983). Metropolitan transportation planning, CRC Press.
Dillman, D. (2007). "Mail and internet surveys: the tailored design method."
Dillman, D., Lesser, V., Carlson, J., Mason, R., Willits, F., and Jackson, A.
"Personalization of mail questionnaires revisited." Proc., meeting of the Rural
Sociological Society, Chicago, IL.
Dillman, D. A. (2011). Mail and Internet surveys: The tailored design method--2007
Update with new Internet, visual, and mixed-mode guide, John Wiley & Sons.
Dimitriou, H. T., and Gakenheimer, R. (2011). Urban transport in the developing world:
a handbook of policy and practice, Edward Elgar Publishing.
Dobbs, R. (2013). Infrastructure productivity: how to save $1 trillion a year, McKinsey.
Dora, C., Hosking, J., Mudu, P., and Fletcher, E. (2011). "Urban transport and health."
Module 5g. Sustainable transport: a sourcebook for policy-makers in
developing cities [Internet]. Ginebra: WHO/GTZ.
Economist (2006). "Building the Nation." The Economist.
Economist, T. (2014). "Buttonwood: Three's a crowd." The Economist.
EPA (2012). "AIRTrends 1995 Summary."
Federal Transit Administration (2011). "About FTA and Our History." D. o.
Transportation, ed.
FHWA (2011). "Congestion Management Process (CDTC), Albany, New York." E.
Office of Planning, and Reality, ed.
FHWA (2011). "FHWA Scenario Planning Guidebook."
FHWA (2014). "Metropolitan Planning." E. R. The Office of Planning, ed.
FHWA (2014). "NEPA And Transportation Decisionmaking." FHWA, ed.
FHWA, and FTA (2009). "A guide to transportation decisionmaking." U.S. Dept. of
122

Transportation, Federal Highway Administration, Federal Transit
Administration, [Washington, D.C.] :.
FHWA and FTA (2007). "The Transportation Planning Process: Key Issues."
Fife-Schaw, C. (1995). Questionnaire design, London: SAGE Publications.
Frankel, M. (1989). "CURRENT RESEARCH PRACTICES-GENERALPOPULATION SAMPLING INCLUDING GEODEMOGRAPHICS." Journal
of the Market Research Society, 31(4), 447-455.
Gifford, J. L. (2003). Flexible urban transportation.
Goicoechea, A., Stakhiv, E. Z., and Li, F. (1992). "EXPERIMENTAL EVALUATION
OF MULTIPLE CRITERIA DECISION MODELS FOR APPLICATION TO
WATER RESOURCES PLANNING1." Wiley Online Library.
Goodman, A. S., and Hastak, M. "Infrastructure planning handbook: planning,
engineering, and economics." ASCE.
Goodwin, P., Wright, G., and Phillips, L. D. (2004). Decision analysis for management
judgment, Wiley London.
Gov.cn (2011). "China 12th Five-Year Plan ", <http://english.gov.cn/201103/05/content_1816822.htm>.
Goyder, J. (1985). "Face-to-face interviews and mailed questionnaires: The net
difference in response rate." Public Opinion Quarterly, 49(2), 234-252.
Greenfield, P. M. (1997). "You can't take it with you: Why ability assessments don't
cross cultures." American Psychologist, 52(10), 1115.
Groves, R. M., Cialdini, R. B., and Couper, M. P. (1992). "Understanding the decision
to participate in a survey." Public Opinion Quarterly, 56(4), 475-495.
Guthery, D., and Lowe, B. A. (1992). "Translation problems in international marketing
research." Journal of Language for International Business, 4(1), 1-14.
Gwilliam, K., and Shalizi, Z. (1996). Sustainable transport: priorities for policy reform.
Gwilliam, K. M. (2002). Cities on the move: a World Bank urban transport strategy
review, World Bank Publications.
Hansen, M. H., and Hurwitz, W. N. (1953). "Sample survey methods and theory. Vol.
I."
Hao, J., and Wang, L. (2005). "Improving urban air quality in China: Beijing case
study." Journal of the Air & Waste Management Association, 55(9), 1298-1305.
Hill, M. (1973). "Planning for Multiple Objectives. An Approach to the Evaluation of
Transportation Plans."
Hoinville, G., Jowell, R., Henderson, R., Sundaresan, T., Buikstra, J., Konigsberg, L.,
Ferber, R., Sheatsley, P., Turner, A., and Waksberg, J. (1982). "Survey research
practice." BULLETIN OF THE WORLD HEALTH ORGANIZATION, 60(2), 3050.
Iarossi, G. (2006). The power of survey design: A user's guide for managing surveys,
interpreting results, and influencing respondents, World Bank Publications.
Iniestra, J. G., and Gutiérrez, J. G. (2009). "Multicriteria decisions on interdependent
infrastructure transportation projects using an evolutionary-based framework."
123

Applied Soft Computing, 9(2), 512-526.
Jensen, A. V. (2012). "Appraisal of Transport Projects: Assessing Robustness in
Decision Making." Ph. D afhandling, Institut for Transport, Danmarks Tekniske
Universitet.
Jones, P. (1985). "Interactive travel survey methods: the state-of-the-art." New Survey
Methods in Transport, VNU Science Press, Utrecht.
Jones, S., Tefe, M., and Appiah-Opoku, S. (2013). "Proposed framework for
sustainability screening of urban transport projects in developing countries: A
case study of Accra, Ghana." Transportation Research Part A: Policy and
Practice, 49, 21-34.
Kahane, A. (1992). "Scenarios for energy: sustainable world vs global mercantilism."
Long Range Planning, 25(4), 38-46.
Karvetski, C. W., Lambert, J. H., Keisler, J. M., and Linkov, I. (2011). "Integration of
decision analysis and scenario planning for coastal engineering and climate
change." Systems, Man and Cybernetics, Part A: Systems and Humans, IEEE
Transactions on, 41(1), 63-73.
Karvetski, C. W., Lambert, J. H., and Linkov, I. (2009). "Emergent conditions and
multiple criteria analysis in infrastructure prioritization for developing
countries." Journal of Multi-Criteria Decision Analysis, 16(5-6), 125-137.
Kenworthy, J., and Hu, G. (2002). "Transport and urban form in Chinese cities: an
international comparative and policy perspective with implications for
sustainable urban transport in China." disP-The Planning Review, 38(151), 414.
Kim, J. (2014). "Banker to the Poor." Foreign Affairs(September/October 2014 ).
Knuth, D. E. (1969). "The Art of Computer Programming, Vol. 2: Seminumerical
AlgorithmsAddison-Wesley." Reading, MA, 229-279.
Kumar, A., and Agarwal, O. (2013). "Institutional Labyrinth: Designing a Way Out for
Improving Urban Transport Services--Lessons from Current Practice."
Kumar, A., and Agarwal, O. P. (2013). "Instiutional Labyrinth - Designing a way out
for improving urban transport services: lessons from current practice."The
World Bank Group.
Lambert, J. H., Karvetski, C. W., Spencer, D. K., Sotirin, B. J., Liberi, D. M., Zaghloul,
H. H., Koogler, J. B., Hunter, S. L., Goran, W. D., and Ditmer, R. D. (2011).
"Prioritizing infrastructure investments in Afghanistan with multiagency
stakeholders and deep uncertainty of emergent conditions." Journal of
Infrastructure Systems, 18(2), 155-166.
Lambert, J. H., and Patterson, C. E. (2002). "Prioritization of schedule dependencies in
hurricane recovery of transportation agency." Journal of Infrastructure Systems,
8(3), 103-111.
Lambert, J. H., Schroeder, M. J., and Ferguson, W. S. (2009). "Scenario-Based
Transportation Planning with Involvement of Metropolitan Planning
Organizations." Virginia Transportation Research Council.
124

Legislative Assembly of the State of Andhra Pradesh (2001). "The Andhra Pradesh
Infrastructure Development Enabling Act, 2001."
Litman, T. (2003). "Sustainable transportation indicators." Victoria Transport Policy
Institute, 100.
Liu, Y., and Liu, S. (2011). "Henan Statistical Yearbook 2011." [s.n.], [S.l.] :.
Liu, Z., and Smith, G. (2006). "China: Building institutions for sustainable urban
transport."
Liu, Z., and Smith, G. (2006). "China: Building institutions for sustainable urban
transport." Emerging Urban Tranpsort Challenges: A Perspective, Eastr
Working Paper.
Lohr, S. (2009). Sampling: design and analysis, Cengage Learning.
Macintyre, K. (1999). "Rapid assessment and sample surveys: trade-offs in precision
and cost." Health policy and planning, 14(4), 363-373.
McIlwee, J. S., and Robinson, J. G. (1992). Women in engineering: Gender, power, and
workplace culture, SUNY Press.
Meyer, M. D., and Miller, E. J. (2001). Urban transportation planning: a decisionoriented approach.
Mian, L. (2002). "1, HAN Guang 2, LI Zhan-bin 1 (1. Water and Soil Conservation
Research Institute, China Science Institute, Yangling Shanxi 712100, China; 2.
Territory Institute, Hunan Normal University, Changsha Hunan 410081, China);
State of Air pollution and Prevention and Cure Measures in Jiaozuo City [J]."
Arid Environmental Monitoring, 1.
Mickelson, R. P. (1998). Transportation development process, Transportation Research
Board.
Mihyeon Jeon, C., and Amekudzi, A. (2005). "Addressing sustainability in
transportation systems: definitions, indicators, and metrics." Journal of
Infrastructure Systems, 11(1), 31-50.
Moore, R., and Kerr, S. (2014). "On a highway to help: multilateral development bank
financing and support for infrastructure."
Morais, D. C., and de Almeida, A. T. (2012). "Group decision making on water
resources based on analysis of individual rankings." Omega, 40(1), 42-52.
Moser, C. A., and Kalton, G. (1971). "Survey methods in social investigation." Survey
methods in social investigation.(2nd Edition).
MPO (2005). "States' Approaches to Transportation Project Prioritization."
Muthusubramanyam, M., and Sinha, K. C. (1982). "Optimization approach in highway
system analysis and programming."
National Bureau of Statistics Information Network (2012).
Neter, J., Leitch, R. A., and Fienberg, S. E. (1978). "Dollar unit sampling: Multinomial
bounds for total overstatement and understatement errors." Accounting Review,
77-93.
Neumann, L. A. (1997). Methods for capital programming and project selection.
North Central Texas Council of Governments (2005). "Mobil 2025: The Metropolitan
125

Transportation Plan, Amended April 2005." N. C. T. C. o. G. T. Department, ed.
North Central Texas Council of Governments (2010). "2011-2014 Transportation
Improvement Program for the Dallas-Fort Worth Metropolitan Area."
NCTCOG's Department of Transportation, ed.
Pérez, J. C., Carrillo, M. H., and Montoya-Torres, J. R. (2014). "Multi-criteria
approaches for urban passenger transport systems: a literature review." Annals
of Operations Research, 1-19.
Pan, H. (2013). "Implementing Sustainable Urban Travel Policies in China." Transport
and Sustainability, 3, 43-76.
Parten, M. (1950). "Surveys polls and samples: practical procedures."
Payne, S. L. (1951). "The art of asking questions."
Peng, Z.-R. "Urban transportation strategies in Chinese cities and their impacts on the
urban poor." Proc., Transportation Research Board 85th Annual Meeting, paper.
Peng, Z.-R., Sun, J., and Lu, Q.-C. (2012). "China's public transportation: Problems,
policies, and prospective of sustainability." ITE Journal, 82(5).
Pinto, C. A., and Lambert, J. H. (2002). "Risk of extreme events in the configuration of
priority systems." Reliability Engineering & System Safety, 76(3), 265-271.
Porter, C. D., Brown, A., Vimmerstedt, L., and Dunphy, R. T. (2013). "Effects of the
Built Environment on Transportation: Energy Use, Greenhouse Gas Emissions,
and Other Factors."
Porter, M. E. (2008). Competitive advantage: Creating and sustaining superior
performance, Simon and Schuster.
Pradeep, J., and Nair, V. C. (2013). "A Scientific Approach to Prioritizing Highway
Infrastructure Investment Schemes." Procedia-Social and Behavioral Sciences,
104, 932-941.
Pucher, J., Peng, Z. r., Mittal, N., Zhu, Y., and Korattyswaroopam, N. (2007). "Urban
transport trends and policies in China and India: impacts of rapid economic
growth." Transport Reviews, 27(4), 379-410.
Quadros, S. G. R., and Nassi, C. D. (2015). "An evaluation on the criteria to prioritize
transportation infrastructure investments in Brazil." Transport Policy, 40, 8-16.
Ram, C., Montibeller, G., and Morton, A. (2011). "Extending the use of scenario
planning and MCDA for the evaluation of strategic options." Journal of the
Operational Research Society, 62(5), 817-829.
REBELO, J. M. (2013). SÃO PAULO AND MUMBAI: THE IMPACT OF RAIL-BASED
NETWORKS ON TWO BRIC MEGA CITIES, JORGE M REBELO.
Richardson, A. J., Ampt, E. S., and Meyburg, A. H. (1995). Survey methods for
transport planning, Eucalyptus Press Melbourne.
Safe, A., and Flexible, E. T. E. A. (2007). "A Legacy for Users (SAFETEA-LU), 2005."
Public Law(109-59), 119.
Schiller, P. L., Bruun, E. C., and Kenworthy, J. R. (2010). An introduction to sustainable
transportation: Policy, planning and implementation, Earthscan.
Schroeder, M. J., and Lambert, J. H. (2010). "Scenario‐based multiple criteria analysis
126

for infrastructure policy impacts and planning." Journal of Risk Research, 14(2),
191-214.
Schroeder, M. J., and Lambert, J. H. (2011). "Scenario‐based multiple criteria analysis
for infrastructure policy impacts and planning." Journal of Risk Research, 14(2),
191-214.
Schutte, I., and Brits, A. (2013). "Prioritising transport infrastructure projects: towards
a multi-criterion analysis." Southern African Business Review, 16(3), 97-117.
Shanghai (2013). "Shanghai Metropolitan Report White Paper." U.-R. C. T. Committee,
ed.
Shen, Q. (1997). "Urban Transportation in Shanghai, China: Problems and Planning
Implications." International Journal of Urban and Regional Research, 21(4),
589-606.
Shiftan, Y., Kaplan, S., and Hakkert, S. (2003). "Scenario building as a tool for planning
a sustainable transportation system." Transportation Research Part D:
Transport and Environment, 8(5), 323-342.
Simon, R. M. (1997). "Integrating Americans with disabilities act paratransit services
and health and human services transportation." TCRP Research Results
Digest(10).
Singer, E., Van Hoewyk, J., and Maher, M. P. (2000). "Experiments with incentives in
telephone surveys." Public Opinion Quarterly, 64(2), 171-188.
Sinha, K. C., and Labi, S. (2011). Transportation decision making: Principles of project
evaluation and programming, John Wiley & Sons.
SLOMCZYNSKI, K. (1969). "CONDITIONS OF INTERVIEW-THEIR IMPACT
UPON STATEMENTS OF RESPONDENTS." POLISH SOCIOLOGICAL
BULLETIN(2), 125-135.
Smith, T. W. (2011). "Refining the total survey error perspective." International Journal
of Public Opinion Research, 23(4), 464-484.
SPAETHLING, D. (1996). "SUSTAINABLE TRANSPORTATION: THE
AMERICAN EXPERIENCE." PLANNING FOR SUSTAINABILITY.
States, U. (1991). Intermodal Surface Transportation Efficiency Act of 1991, US
Government Printing Office.
Stone, P. H. (1997). "FROM THE K STREET CORRIDOR." National Journal, 29(13),
620.
Stopher, P. R. (1985). "The state-of-the-art in cross-sectional surveys in transportation."
New Methods in Transport. Utrecht, Netherlands: VNU Science Press, Utrecht,
Netherlands.
Stout, M. (1996). "Negotiated capital programming in New Jersey." Transportation
Research Circular(465).
Systematics, C., and Officials, T. (2000). A guidebook for performance-based
transportation planning, Transportation Research Board.
Talvitie, A. (2000). "Evaluation of road projects and programs in developing countries."
Transport Policy, 7(1), 61-72.
127

The Capital District Transportation Committee (2013). "Transportation Improvement
Program (TIP) 2013-18."
Thompson, P. D., Neumann, L., Miettinen, M., and Talvitie, A. "A micro-computer
Markov dynamic programming system for pavement management in Finland."
Proc., Proceedings of the 2nd North American Conference on Managing
Pavements, Toronto, 2.241-242.252.
Tofani, A., and Bartolozzi, M. (2008). "Ranking nuclear and radiological terrorism
scenarios: The Italian case." Risk analysis, 28(5), 1431-1444.
Trigueros, M. A. (2008). "An Analysis of Project Prioritization Methods at the Regional
Level in the Seventy-five largest metropolitan areas in the United States of
America." Georgia Institute of Technology.
Tsamboulas, D., Yiotis, G., and Panou, K. (1999). "Use of multicriteria methods for
assessment of transport projects." Journal of Transportation Engineering,
125(5), 407-414.
Tsamboulas, D. A. (2007). "A tool for prioritizing multinational transport infrastructure
investments." Transport Policy, 14(1), 11-26.
Turner, S. M., Best, M. E., and Schrank, D. L. (1996). "Measures of effectiveness for
major investment studies."
UNEP/WHO (2009). "Healthy Transport in Developing Countries."Geneva.
United Nations (2014). World urbanization prospects: The 2014 revision, UN.
USDOT (2013). "Alternative Transportation System Demand Estimation for Federal
Land Management Agencies." U. D. o. Interior, ed.
Van de Velde, D. (1999). "Organisational forms and entrepreneurship in public transport:
classifying organisational forms." Transport Policy, 6(3), 147-157.
Wack, P. (2002). "Uncharted waters ahead." Strategy: Critical Perspectives on Business
and Management, 2, 90.
Wang, Y. a. R., Xiaozheng (2011). "Tianjin Bin Hai New Area to Proper Development."
China Daily.
Warwick, D. P., and Lininger, C. A. (1975). The sample survey: Theory and practice,
McGraw-Hill.
Weiner, E. (1999). "Urban transportation planning in the United States." An historical
overview.
Wikipedia
(2010).
"Xiangyang."
<http://en.wikipedia.org/wiki/Xiangyang>.
(10/12/2014).
Wikipedia (2012). "Wuhan." <http://en.wikipedia.org/wiki/Wuhan>.
Wikipedia (2013). "List of Chinese administrative divisions by GDP per capita."
Wikipedia
(2013).
"Metropolitan
regions
of
China."
<http://en.wikipedia.org/wiki/Metropolitan_regions_of_China>. (03/10, 2014).
Wikipedia (2014). "Changzhi." <http://en.wikipedia.org/wiki/Changzhi>.
Wikipedia (2014). "Henan."
Wikipedia (2014). "Taiyuan." <http://en.wikipedia.org/wiki/Taiyuan>. (10/15, 2014).
Wikipedia (2014). "Xi'an." (10/13/2014).
128

Winn,

A. (1995). "INSTITUTIONAL BARRIERS TO INTERMODAL
TRANSPORTATION POLICIES AND PLANNING IN METROPOLITAN
AREAS." Transportation Research Circular(450).
Won, J. (1990). "Multicriteria evaluation approaches to urban transportation projects."
Urban Studies, 27(1), 119-138.
World Bank (2004). "Project Appraisal Document On A Proposed Loan In the Amount
of US$200 Million To The People's Republic of China For A Wuhan Urban
Transport Project."
World Bank (2007). "World Bank Financed Xian Comprehensive Urban Transport
Development Project Environmental Impact Assessment." X. E. P. R. Institute,
ed.
World Bank (2008). "Project Appraisal Document On A Proposed Loan In the Amount
of US$150 Million To The People's Republic of China For Xi'an Sustainable
Transport Project."05/28/2008.
World Bank (2010). "Project Appraisal Document On A Proposed Loan In the Amount
of US$100 Million To The People's Republic of China For Wuhan Second
Urban Transport Project."
World Bank (2010). "Project Appraisal Document On A Proposed Loan In the Amount
of US$150 Million To The People's Republic of China For The Taiyuan
Sustainable Transport Project ".
World Bank (2012). "Project Appraisal Document On A Proposed Loan In The Amount
of $100 Million To The People's Republic of China For the Hubei Xiangyang
Urban Transport Project."
World Bank (2012). "Project Appraisal Document On A Proposed Loan In The Amount
Of U.S. $100 Million To The People's Republic of China To The People's
Republic of China For A Xinjiang Yining Urban Transport Improvement
Project."
World Bank (2012). "Project Appraisal Document On A Proposed Loan In the Amount
of US$100 Million To The People's Republic of China For The Changzhi
Sustainable Urban Transport Project."
World Bank (2013). "Environment Assessment Impact for the World Bank-Financed
Qinghai Xining Urban Transport Project."
World Bank (2013). "Investment Project Financing Operational Risk Assessment
Framework Guidiance Note." OPSPQ, ed.
World Bank (2013). "Long-Term Investment Financing for Growth and Development."
World Bank (2013). "Project Appraisal Document On A Proposed Loan In The Amount
Of U.S$120 million To The People's Republic of China For the Qinghai Xinin
Urban Transport Project."
World Bank (2014). "World Bank Data."
World Bank (2014). "World Urbanization Prospects." World Bank.
World Bank Institute (2011). "Integrated Urban Transport Planning." Module
03(Governance: Topic 2).
129

Xinhua (2013). "China's urban population surpassed rural by 2011."
Xinhuanet
(2014).
"China
unveils
landmark
urbanization
plan."
<http://news.xinhuanet.com/english/china/2014-03/16/c_133190495.htm>.
(10/18, 2014).
Yedla, S., and Shrestha, R. M. (2003). "Multi-criteria approach for the selection of
alternative options for environmentally sustainable transport system in Delhi."
Transportation Research Part A: Policy and Practice, 37(8), 717-729.
Yulin, J., Liguang, F., Hongyang, W., and Runlong, X. "Challenges and Policy Options
for Sustainable Urban Transportation Development in China." Proc.,
Proceeding of EU-China Workshop on Sustainable Urban Transport. Beijing,
China, 27-28.
Zegras, C., Sussman, J., and Conklin, C. (2004). "Scenario planning for strategic
regional transportation planning." Journal of urban planning and development,
130(1), 2-13.
Zhang, X., and Hu, X. (2003). "Enabling sustainable urban road transport in China: A
Policy and Institutional Perspective." Oslo Univ.(Norway). Center for
International Climate and Environmental Research.
Zhu, X., and Sun, B. (2009). "Tianjin Binhai New Area: A Case Study of Multi-Level
Streams Model of Chinese Decision-Making." Journal of Chinese Political
Science, 14(2), 191-211.
Ziara, M., Nigim, K., Enshassi, A., and Ayyub, B. M. (2002). "Strategic implementation
of infrastructure priority projects: case study in Palestine." Journal of
infrastructure systems, 8(1), 2-11.

130

APPENDIX I Computed Weights in World Bank Urban Transport Project in China
Table 0-1 Computed Weights From All Respondents (Xining)

Sub-Criteria
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Scenario 1: Decision Maker
Scenario 2: Project Designer
5 4 3 2 1
5 4 3 2 1
Geometric
Geometric Weights
Weights Number of
Number of
Mean
Mean
responses
responses
9 26 5 0 0
4.10
0.0492 0 0 0 25 14
1.64
0.0222
10 13 16 1 0
3.80
0.0456 0 0 5 22 12
1.82
0.0246
17 13 10 0 0
4.18
0.0501 0 0 9 25 5
2.10
0.0285
2 15 22 1 0
3.45
0.0414 0 24 15 0 0
3.62
0.0489
9 23 8 0 0
4.03
0.0483 21 18 0 0 0
4.54
0.0614
5 22 13 0 0
3.80
0.0456 0 3 33 3 0
3.00
0.0406
8 18 14 0 0
3.85
0.0462 6 27 6 0 0
4.00
0.0541
6 15 16 0 3
3.53
0.0423 4 21 14 0 0
3.74
0.0507
5 19 16 0 0
3.73
0.0447 7 22 10 0 0
3.92
0.0531
16 12 12 0 0
4.10
0.0492 5 28 6 0 0
3.97
0.0538
12 18 10 0 0
4.05
0.0486 18 12 9 0 0
4.23
0.0573
8 19 13 0 0
3.88
0.0465 0 12 23 4 0
3.21
0.0434

IRR
NPV
BCR
Unit Saving in Fuel Efficiency Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in Environmental
16 17
Protection
# of Displaced Families
18 14
# of Displaced People
9 21
Satisfactory rating by public
15 22
Reduction of traffic accident fatalities 19 11
Accessibility for Disadvantaged Groups 18 17
Project External Risk
5 20
Project Design Risk
9 17
Project Implementation Risk
12 16

5

0
0
0
6
17
0
0
0
1
11
13
0

Scenario 3: System User
4 3 2 1
Geometric Weights
Number of
Mean
responses
0 5 20 15
1.75
0.0284
0 3 21 16
1.67
0.0272
0 8 24 8
2.00
0.0324
23 11 0 0
3.88
0.0629
21 2 0 0
4.38
0.0710
4 20 13 3
2.63
0.0426
17 23 0 0
3.42
0.0556
0 8 23 9
1.98
0.0320
1 10 24 4
2.28
0.0369
19 10 0 0
4.03
0.0653
17 10 0 0
4.08
0.0661
17 17 6 0
3.28
0.0531

7

0

0

4.23

0.0507 1 19 18 1 0

3.51

0.0476

0

8 14 16

8
10
3
9
5
15
14
11

0
0
0
1
0
0
0
0

0
0
0
0
0
0
0
0

4.25
3.98
4.30
4.20
4.33
3.75
3.88
3.93

0.0510
0.0477
0.0516
0.0504
0.0519
0.0450
0.0465
0.0471

3.82
3.31
4.31
3.77
3.51
4.46
4.05
3.33

0.0517
0.0448
0.0583
0.0510
0.0476
0.0604
0.0548
0.0451

0
0
2
3
0
1
0
4

0
1
19
25
0
10
9
21

3 26 10
0 12 27
17 17 5
2 26 11
0 20 19
18 21 0
14 13 12
3 7 29

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

14
14
18
9
7
21
20
15

2

2.70

0.0438

24 2
25 0
1 0
3 0
23 10
8 0
9 2
0 0

2.30
2.40
3.55
3.70
1.93
3.10
2.90
3.73

0.0373
0.0389
0.0576
0.0600
0.0312
0.0503
0.0470
0.0604

Table 0-2 Computed Weights From All Respondents (QingYang)

Sub-Criteria

Scenario 1: Decision Maker
5 4 3 21
Geometric
Weights
Number of
Mean
responses
7 30 3 0 0
4.10
0.0488
13 12 10 5 0
3.83
0.0455
15 17 8 0 0
4.18
0.0497
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IRR
NPV
BCR
Unit Saving in Fuel Efficiency
7
Saving
Traveling Time Saving
8
Designed Life Span of Road
5
Annual average daily traffic
12
Adoption of Sustainable Material 1
Improvement of Road Network 6
Expected Air Pollution
15
Expected Noise Level
13
% of Green Area
11
% of Investment in
13
Environmental Protection
# of Displaced Families
15
# of Displaced People
11
Satisfactory rating by public
15
Reduction of traffic accident
19
fatalities
Accessibility for Disadvantaged
16
Groups
Project External Risk
2
Project Design Risk
15
Project Implementation Risk
17

Scenario 2: Project Designer
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 0 22 18
1.55
0.0212
0 0 1 28 11
1.75
0.0239
0 0 4 27 9
1.88
0.0256
2 16 22 0 0
3.50
0.0478

Scenario 3: System User
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 1 25 14
1.68
0.0271
0 0 2 24 14
1.70
0.0275
0 0 6 25 9
1.93
0.0311
7 25 8 0 0

3.98

0.0642

20 20 0
0 5 33
5 28 7
3 21 16
8 22 10
8 22 10
20 9 11
0 19 21
0 23 13

0
2
0
0
0
0
0
0
4

0
0
0
0
0
0
0
0
0

4.50
3.08
3.95
3.68
3.95
3.95
4.23
3.48
3.48

0.0615
0.0420
0.0539
0.0502
0.0539
0.0539
0.0577
0.0475
0.0475

17 23 0 0
0 3 17 20
0 21 18 1
0 0 13 20
0 1 18 19
11 19 10 0
14 12 14 0
0 12 22 6

0
0
0
7
2
0
0
0

4.43
2.58
3.50
2.15
2.45
4.03
4.00
3.15

0.0715
0.0416
0.0566
0.0347
0.0396
0.0651
0.0646
0.0509

0 8 15 16 1

2.75

0.0444

0
0
0
0

0
0
0
0

3.95
3.43
4.03
3.90

0.0539 0 0 18 16
0.0468 0 7 11 20
0.0550 4 19 15 2
0.0533
6 22 10 2

6
2
0

2.30
2.58
3.63

0.0372
0.0416
0.0586

0

3.80

0.0614

14 10 9 0

3.48

0.0414

25
23
12
19
19
15
18
18

0
0
0
0
0
0
0
0

4.03
3.80
3.90
3.50
3.75
4.13
4.10
3.98

0.0479
0.0452
0.0464
0.0417
0.0446
0.0491
0.0488
0.0473

24 3 0 0

4.25

0.0506

22 3 0 0
18 11 0 0
22 3 0 0

4.30
4.00
4.30

12 9 0 0

4.25

0.0512 13 12 15
0.0476 0 17 23
0.0512 9 23 8
5 26 9
0.0506

22 2 0 0

4.35

0.0518

0 21 19 0 0

3.53

0.0481

0 0 4 23 13

1.78

0.0287

22 16 0 0
16 6 3 0
10 13 0 0

3.65
4.08
4.10

0.0434 15 25 0 0 0
0.0485 6 28 6 0 0
0.0488 1 2 36 1 0

4.38
4.00
3.08

0.0597 0 16 12 11 1
0.0546 0 4 23 12 1
0.0420 2 24 13 1 0

3.08
2.75
3.68

0.0497
0.0444
0.0594

7
11
16
19
14
10
9
10

0
1
0
1
1
0
0
1

Table 0-3 Computed Weights From All Respondents (Xinjiang)

Sub-Criteria
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IRR
NPV
BCR
Unit Saving in Fuel Efficiency
Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in
Environmental Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by public
Reduction of traffic accident
fatalities
Accessibility for Disadvantaged
Groups
Project External Risk
Project Design Risk
Project Implementation Risk

Scenario 1: Decision Maker
5 4 3 21
Geometric
Weights
Number of
Mean
responses
10 24 6 0 0
4.10
0.0486
5 24 11 0 0
3.85
0.0457
13 19 8 0 0
4.13
0.0489

Scenario 2: Project Designer
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 0 30 10
1.75
0.0237
0 0 3 30 7
1.90
0.0258
0 0 6 28 6
2.00
0.0271

Scenario 3: System User
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 1 26 13
1.70
0.0274
0 0 2 23 15
1.68
0.0270
0 0 6 25 9
1.93
0.0310

0 21 15 4 0

3.43

0.0406 3 17 19 1 0

3.55

0.0481 5 30 5 0 0

4.00

0.0645

9
4
9
1
4
16
5
9

0
0
0
0
0
0
0
0

4.00
3.80
4.00
3.53
3.80
4.20
4.03
3.98

0.0474
0.0451
0.0474
0.0418
0.0451
0.0498
0.0477
0.0472

0
0
0
0
0
0
0
0

4.50
3.05
3.98
3.78
3.95
4.05
4.20
3.43

0.0610
0.0413
0.0539
0.0512
0.0535
0.0549
0.0569
0.0464

0
0
0
8
2
0
0
0

4.53
2.45
3.63
2.08
2.28
4.28
3.95
3.15

0.0729
0.0395
0.0584
0.0334
0.0367
0.0689
0.0637
0.0508

28 9 3 0 0

4.63

0.0549 0 20 20 0 0

3.50

0.0474 0 7 15 15 3

2.65

0.0427

10 27 3 0 0
13 18 7 2 0
20 14 6 0 0

4.18
4.05
4.35

0.0495 16 7 17 0 0
0.0480 2 11 27 0 0
0.0516 12 20 8 0 0

3.98
3.38
4.10

0.0539 0 0 14 25 1
0.0457 0 1 14 24 1
0.0556 1 21 17 1 0

2.33
2.38
3.55

0.0375
0.0383
0.0572

20 15 4 1 0

4.35

0.0516 4 23 13 0 0

3.78

0.0512 2 23 15 0 0

3.68

0.0592

9 30 1 0 0

4.20

0.0498 4 12 24 0 0

3.50

0.0474 0 0 9 15 16

1.83

0.0294

1 23 16 0 0
10 23 6 1 0
14 17 6 3 0

3.63
4.05
4.05

0.0430 13 27 0 0 0
0.0480 6 30 4 0 0
0.0480 2 2 32 4 0

4.33
4.05
3.05

0.0586 2 13 22 3 0
0.0549 0 6 20 14 0
0.0413 3 29 8 0 0

3.35
2.80
3.88

0.0540
0.0451
0.0624

22
27
23
21
24
16
31
22

9
6
7
16
12
8
4
8

0
3
1
2
0
0
0
1

22 16 2
0 5 32
5 29 6
6 19 15
7 24 9
6 30 4
11 26 3
0 17 23

0
3
0
0
0
0
0
0

21 19 0 0
0 3 12 25
2 24 11 3
0 0 11 21
1 0 10 27
18 15 7 0
12 14 14 0
1 13 17 9

Table 0-4 Computed Weights From All Respondents (Xiangyang)

Sub-Criteria
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IRR
NPV
BCR
Unit Saving in Fuel Efficiency
Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in
Environmental Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by public
Reduction of traffic accident
fatalities
Accessibility for Disadvantaged
Groups
Project External Risk
Project Design Risk
Project Implementation Risk

Scenario 1: Decision Maker
5 4 3 2 1
Geometric
Weights
Number of
Mean
responses
10 22 7 0 0
4.08
0.0490
5 21 13 0 0
3.79
0.0456
13 20 6 0 0
4.18
0.0502

Scenario 2: Project Designer
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 1 26 13
1.70
0.0228
0 0 3 28 9
1.85
0.0248
0 0 9 23 8
2.03
0.0272

Scenario 3: System User
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 1 24 15
1.65
0.0269
0 0 2 23 15
1.68
0.0273
0 0 3 27 10
1.83
0.0297

5 17 7 10 0

3.44

0.0413 2 17 20 1 0

3.50

0.0470 6 29 5 0 0

4.03

0.0656

12
4
6
2
5
17
11
6

0
0
0
0
0
0
0
0

4.00
3.85
3.87
3.51
3.72
4.26
4.08
3.90

0.0481
0.0462
0.0465
0.0422
0.0447
0.0512
0.0490
0.0468

0
0
0
0
0
0
0
0

4.45
3.18
3.95
3.75
3.98
4.08
4.18
3.50

0.0597
0.0426
0.0530
0.0503
0.0534
0.0547
0.0560
0.0470

13 27 0 0 0
0 0 19 21 0
2 22 16 0 0
0 0 5 25 10
0 0 10 27 3
7 28 5 0 0
7 28 5 0 0
0 11 20 9 0

4.33
2.48
3.65
1.88
2.18
4.05
4.05
3.05

0.0705
0.0403
0.0595
0.0305
0.0354
0.0660
0.0660
0.0497

14 17 8 0 0

4.15

0.0499 2 22 15 1 0

3.63

0.0487 0 3 22 15 0

2.70

0.0440

12 20 7 0 0
11 16 12 0 0
17 14 8 0 0

4.13
3.97
4.23

0.0496 11 20 8 1 0
0.0478 2 23 13 2 0
0.0508 17 20 3 0 0

4.03
3.63
4.35

0.0540 0 0 13 27 0
0.0487 0 0 19 18 3
0.0584 1 21 15 3 0

2.33
2.40
3.50

0.0379
0.0391
0.0570

13 18 7 1 0

4.10

0.0493 5 28 7 0 0

3.95

0.0530 3 29 7 1 0

3.85

0.0627

15 20 4 0 0

4.28

0.0515 0 30 9 1 0

3.73

0.0500 0 0 6 23 11

1.88

0.0305

10 15 9 4 1
10 17 11 1 0
9 21 9 0 0

3.74
3.92
4.00

0.0450 11 26 1 2 0
0.0471 7 27 5 1 0
0.0481 1 7 21 10 1

4.15
4.00
2.93

0.0557 0 15 23 2 0
0.0537 0 5 26 8 1
0.0393 3 22 15 0 0

3.33
2.88
3.70

0.0542
0.0468
0.0603

17
25
22
19
18
16
20
23

8
10
11
15
16
5
8
10

2
0
0
3
0
1
0
0

20 18 2
2 7 27
7 24 9
5 21 13
7 25 8
11 24 2
12 25 1
0 20 20

0
4
0
1
0
3
2
0

Table 0-5 Computed Weights From All Respondents (ChangZhi)

Sub-Criteria
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IRR
NPV
BCR
Unit Saving in Fuel Efficiency
Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in
Environmental Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by public
Reduction of traffic accident
fatalities
Accessibility for Disadvantaged
Groups
Project External Risk
Project Design Risk
Project Implementation Risk

Scenario 1: Decision Maker
5 4 3 21
Geometric
Weights
Number of
Mean
responses
8 27 5 0 0
4.08
0.0492
6 20 14 0 0
3.80
0.0459
11 25 4 0 0
4.18
0.0504

Scenario 2: Project Designer
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 1 28 11
1.75
0.0237
0 0 1 31 8
1.83
0.0247
0 0 8 25 7
2.03
0.0274

Scenario 3: System User
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 4 18 18
1.65
0.0265
0 0 2 23 15
1.68
0.0269
0 0 7 21 12
1.88
0.0302

4 12 20 4 0

3.40

0.0410 1 21 17 1 0

3.55

0.0480 9 23 8 0 0

4.03

0.0647

10 21
5 23
5 24
3 17
3 23
11 21
12 18
7 25

0
0
0
0
0
0
0
0

4.03
3.83
3.85
3.50
3.73
4.08
4.05
3.98

0.0486
0.0462
0.0465
0.0422
0.0450
0.0492
0.0489
0.0480

0
0
0
0
0
0
0
0

4.53
3.05
4.05
3.68
3.90
4.00
4.15
3.45

0.0612
0.0412
0.0547
0.0497
0.0527
0.0541
0.0561
0.0466

0
1
0
4
6
0
0
0

4.53
2.43
3.63
2.20
2.28
4.10
4.03
3.03

0.0728
0.0390
0.0583
0.0354
0.0366
0.0659
0.0647
0.0487

11 23 6 0 0

4.13

0.0498 1 20 17 2 0

3.50

0.0473 0 5 19 16 0

2.73

0.0438

12 21 7 0 0
9 20 11 0 0
16 17 7 0 0

4.13
3.95
4.23

0.0498 4 30 6 0 0
0.0477 0 24 16 0 0
0.0510 10 27 3 0 0

3.95
3.60
4.18

0.0534 0 1 17 18 4
0.0487 0 5 20 13 2
0.0564 1 19 19 1 0

2.38
2.70
3.50

0.0382
0.0434
0.0563

11 22 7 0 0

4.10

0.0495 4 28 8 0 0

3.90

0.0527 5 22 12 1 0

3.78

0.0607

16 18 6 0 0

4.25

0.0513 0 26 14 0 0

3.65

0.0493 0 0 4 25 11

1.83

0.0294

2 22 13 3 0
8 23 9 0 0
12 18 10 0 0

3.58
3.98
4.05

0.0432 11 26 3 0 0
0.0480 12 19 9 0 0
0.0489 2 1 31 6 0

4.20
4.08
2.98

0.0568 0 14 20 6 0
0.0551 0 7 19 14 0
0.0402 6 21 13 0 0

3.20
2.83
3.83

0.0515
0.0454
0.0615

9
12
11
17
14
8
10
8

0
0
0
3
0
0
0
0

21 19 0
1 5 29
6 30 4
2 23 15
6 24 10
7 27 5
9 28 3
0 20 18

0
5
0
0
0
1
0
2

22 17 1 0
0 0 18 21
1 23 16 0
0 0 12 24
0 0 17 17
14 16 10 0
14 13 13 0
1 13 12 14

Table 0-6 Computed Weights From All Respondents (Taiyuan)

Sub-Criteria
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IRR
NPV
BCR
Unit Saving in Fuel Efficiency
Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in
Environmental Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by public
Reduction of traffic accident
fatalities
Accessibility for Disadvantaged
Groups
Project External Risk
Project Design Risk
Project Implementation Risk

Scenario 1: Decision Maker
5 4 3 21
Geometric
Weights
Number of
Mean
responses
7 28 5 0 0
4.05
0.0489
7 20 13 0 0
3.85
0.0464
14 19 7 0 0
4.18
0.0504

Scenario 2: Project Designer
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 0 21 19
1.53
0.0204
0 0 3 23 14
1.73
0.0231
0 0 7 25 8
1.98
0.0264

Scenario 3: System User
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 2 23 15
1.68
0.0270
0 0 1 24 15
1.65
0.0266
0 0 7 25 8
1.98
0.0319

4 16 16 2 2

3.45

0.0416 1 20 18 1 0

3.53

0.0471 13 16 11 0 0

4.05

0.0653

8
6
7
3
3
10
8
9

0
0
0
0
0
0
0
0

4.00
3.83
3.90
3.58
3.78
4.03
4.00
3.93

0.0483
0.0461
0.0470
0.0431
0.0455
0.0486
0.0483
0.0473

0
0
0
0
0
0
0
0

4.30
3.15
4.05
3.80
3.93
4.13
4.18
3.43

0.0575
0.0421
0.0541
0.0508
0.0525
0.0551
0.0558
0.0458

0
1
0
7
2
0
0
1

4.35
2.45
3.65
2.13
2.33
4.13
4.10
3.00

0.0702
0.0395
0.0589
0.0343
0.0375
0.0666
0.0662
0.0484

15 18 7 0 0

4.20

0.0507 1 22 16 1 0

3.58

0.0478 0 5 19 14 2

2.68

0.0432

12 24 4 0 0
7 22 11 0 0
12 21 7 0 0

4.20
3.90
4.13

0.0507 15 13 12 0 0
0.0470 1 20 19 0 0
0.0498 17 18 5 0 0

4.08
3.55
4.30

0.0545 0 2 18 19 1
0.0475 0 2 19 18 1
0.0575 4 16 19 1 0

2.53
2.55
3.58

0.0407
0.0411
0.0577

13 18 9 0 0

4.10

0.0495 15 12 13 0 0

4.05

0.0541 4 20 13 3 0

3.63

0.0585

11 25 4 0 0

4.18

0.0504 3 26 11 0 0

3.80

0.0508 0 0 6 24 10

1.90

0.0307

0 26 14 0 0
11 17 12 0 0
9 23 8 0 0

3.65
3.98
4.03

0.0440 21 19 0 0 0
0.0479 7 29 4 0 0
0.0486 0 7 32 1 0

4.53
4.08
3.15

0.0605 2 13 18 7 0
0.0545 0 4 22 14 0
0.0421 3 20 17 0 0

3.25
2.75
3.65

0.0524
0.0444
0.0589

24
21
22
20
25
21
24
19

8
13
11
14
12
9
8
12

0
0
0
3
0
0
0
0

18 16 6
0 9 28
11 20 9
3 27 9
10 17 13
18 11 9
17 14 8
1 17 20

0
3
0
1
0
2
1
2

16 22 2 0
0 0 19 20
2 22 16 0
0 0 12 21
0 1 13 24
16 13 11 0
14 17 8 1
1 9 20 9

Table 0-7 Computed Weights From All Respondents (Wuhan)

Sub-Criteria
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IRR
NPV
BCR
Unit Saving in Fuel Efficiency
Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in
Environmental Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by public
Reduction of traffic accident
fatalities
Accessibility for Disadvantaged
Groups
Project External Risk
Project Design Risk
Project Implementation Risk

Scenario 1: Decision Maker
5 4 3 21
Geometric
Weights
Number of
Mean
responses
11 22 7 0 0
4.10
0.0494
7 23 7 3 0
3.85
0.0464
16 15 9 0 0
4.18
0.0503

Scenario 2: Project Designer
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 0 25 15
1.63
0.0220
0 1 5 22 12
1.88
0.0254
0 0 7 26 7
2.00
0.0271

Scenario 3: System User
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 1 22 17
1.60
0.0260
0 0 2 21 17
1.63
0.0264
0 0 6 25 9
1.93
0.0313

4 19 11 5 1

3.50

0.0422 0 24 11 5 0

3.48

0.0471 7 27 6 0 0

4.03

0.0653

12
10
7
2
6
11
13
8

0
0
0
0
0
0
0
0

3.98
3.83
3.88
3.53
3.73
4.13
4.05
3.88

0.0479
0.0461
0.0467
0.0425
0.0449
0.0497
0.0488
0.0467

0
0
0
0
0
0
0
0

4.33
3.13
3.98
3.70
3.88
4.10
4.03
3.68

0.0586
0.0423
0.0539
0.0501
0.0525
0.0556
0.0545
0.0498

0
1
0
5
1
0
0
0

4.38
2.58
3.58
2.00
2.40
4.15
4.05
2.93

0.0710
0.0418
0.0580
0.0325
0.0390
0.0674
0.0657
0.0475

11 24 5 0 0

4.15

0.0500 2 20 18 0 0

3.60

0.0488 0 5 23 11 1

2.80

0.0455

10 25 5 0 0
8 21 11 0 0
13 20 7 0 0

4.13
3.93
4.15

0.0497 1 37 1 1 0
0.0473 3 11 26 0 0
0.0500 12 19 9 0 0

3.95
3.43
4.08

0.0535 0 1 12 27 0
0.0464 0 2 13 22 3
0.0552 4 19 12 5 0

2.35
2.35
3.55

0.0381
0.0381
0.0576

11 21 8 0 0

4.08

0.0491 6 25 9 0 0

3.93

0.0532 2 19 19 0 0

3.58

0.0580

11 27 2 0 0

4.23

0.0509 0 24 16 0 0

3.60

0.0488 0 0 6 24 10

1.90

0.0308

12 12 9 7 0
14 12 14 0 0
10 21 9 0 0

3.73
4.00
4.03

0.0449 11 28 1 0 0
0.0482 8 25 7 0 0
0.0485 0 8 31 1 0

4.25
4.03
3.18

0.0576 2 14 18 6 0
0.0545 0 5 24 9 2
0.0430 4 25 8 3 0

3.30
2.80
3.75

0.0536
0.0455
0.0609

15
14
21
20
17
23
16
19

13
15
12
15
17
6
11
13

0
1
0
3
0
0
0
0

19 15 6
0 7 31
1 37 2
2 24 14
6 23 11
8 28 4
4 33 3
3 23 12

0
2
0
0
0
0
0
2

15 25 0 0
0 2 20 17
0 23 17 0
0 0 5 30
0 2 13 24
15 16 9 0
9 24 7 0
1 9 16 14

Table 0-8 Computed Weights From All Respondents (Xi’An)

Sub-Criteria
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IRR
NPV
BCR
Unit Saving in Fuel Efficiency
Saving
Traveling Time Saving
Designed Life Span of Road
Annual average daily traffic
Adoption of Sustainable Material
Improvement of Road Network
Expected Air Pollution
Expected Noise Level
% of Green Area
% of Investment in
Environmental Protection
# of Displaced Families
# of Displaced People
Satisfactory rating by public
Reduction of traffic accident
fatalities
Accessibility for Disadvantaged
Groups
Project External Risk
Project Design Risk
Project Implementation Risk

Scenario 1: Decision Maker
5 4 3 21
Geometric
Weights
Number of
Mean
responses
11 21 8 0 0
4.08
0.0483
3 26 11 0 0
3.80
0.0450
14 20 6 0 0
4.20
0.0498

Scenario 2: Project Designer
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 0 23 17
1.58
0.0212
0 0 2 25 13
1.73
0.0232
0 0 7 24 9
1.95
0.0262

Scenario 3: System User
5 4 3 2 1
Geometric Weights
Number of
Mean
responses
0 0 0 24 16
1.60
0.0261
0 0 2 21 17
1.63
0.0266
0 0 5 26 9
1.90
0.0310

2 18 19 1 0

3.53

0.0418 2 16 20 2 0

3.45

0.0464 4 31 5 0 0

3.98

0.0650

10
1
5
1
1
15
6
12

0
0
0
0
0
0
0
0

4.05
3.75
3.93
3.55
3.80
4.20
4.10
4.23

0.0480
0.0444
0.0465
0.0421
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APPENDIX II World Bank Urban Transport Project Maps
Qinghai Xining Urban Transport Project
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Source: (World Bank 2013)
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Source: (World Bank 2013)

Qinghai Xining Urban Transport Project
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Source: (World Bank 2013)

Xinjiang Yining Urban Transport Improvement Project
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Source: (World Bank 2013)

Xi’an Sustainable Urban Transport Project
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Source: (World Bank 2008)

Jiaozuo Sustainable Urban Transport Project
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Source: (World Bank 2014)

Taiyuan Urban Transport Project

Source: (World Bank 2010)
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Hubei Xiangyang Urban Transport Project

Source: (World Bank 2011)
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APPENDIX III:
Questionnaire (English)
The purpose of Questionnaire: This questionnaire aims to collect public opinions on the
importance of different criteria within the context of urban transportation project prioritization.
There are two levels of criteria: main and sub-level. Major criteria cover economic, engineering,
environmental, social, risk aspect. Each criterion consists of several sub-criteria, in the range of
three to five, separately.
_______________________________________________________________________________
Within the environmental criteria, there are four sub-criteria. (Please circle one answer for each)
Extent to which sub-criteria should be considered in the ranking process
Expected Air Pollution: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important

Expected Noise Level: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important
Percentage of Green Area: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important
Percentage of Investment in Environment Protection: Unimportant | Somewhat Unimportant | Neutral
| Somewhat Important | Important

How important do you consider the environmental criteria in the project ranking process:
□ Unimportant： should not be considered at all
□ Somewhat unimportant：there must be other criteria to be considered
□ Neutral：one of the main criteria for project ranking
□ Somewhat important：less important compared to other criteria
□ Important：the dominating criteria for the decision-making process
--------------------------------------------------------------------------------------------------------------------------------Within the social criteria, there are five sub-criteria. (Please circle one answer for each)
Extent to which sub-criteria should be considered in the ranking process
Number of Displaced Families: Unimportant | Somewhat Unimportant | Neutral | Somewhat
Important | Important
Number of Displaced People: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important
| Important
Public Perception of the Project: Unimportant | Somewhat Unimportant | Neutral | Somewhat
Important | Important
Reduction of Traffic Accident: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important
| Important
Improved Access for Disadvantaged Group : Unimportant | Somewhat Unimportant | Neutral |
Somewhat Important | Important
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How important do you consider the social criteria in the project ranking process:
□ Unimportant： should not be considered at all
□ Somewhat unimportant：there must be other criteria to be considered
□ Neutral：one of the main criteria for project ranking
□ Somewhat important：less important compared to other criteria
□ Important：the dominating criteria for the decision-making process
--------------------------------------------------------------------------------------------------------------------------------Within the Risk criteria, there are two sub-criteria. (Please circle one answer for each)
Extent to which sub-criteria should be considered in the ranking process
Project External Risk: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important
Project Design Risk: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important
Project Implementation Risk: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important
| Important

How important do you consider the risk criteria in the project ranking process:
□ Unimportant： should not be considered at all
□ Somewhat unimportant：there must be other criteria to be considered
□ Neutral：one of the main criteria for project ranking
□ Somewhat important：less important compared to other criteria
□ Important：the dominating criteria for the decision-making process
--------------------------------------------------------------------------------------------------------------------------------Within the Engineering criteria, there are three sub-criteria. (Please circle one answer for each)
Extent to which sub-criteria should be considered in the ranking process
Traffic Volume in Peak Hour: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important
| Important

Design Life Span: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important | Important
Adoption of Sustainable Technique & Material: Unimportant | Somewhat Unimportant | Neutral |
Somewhat Important | Important
Improved Road Network Density: Unimportant | Somewhat Unimportant | Neutral | Somewhat
Important | Important

How important do you consider the engineering criteria in the project ranking process:
□ Unimportant： should not be considered at all
□ Somewhat unimportant：there must be other criteria to be considered
□ Neutral：one of the main criteria for project ranking
□ Somewhat important：less important compared to other criteria
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□ Important：the dominating criteria for the decision-making process
--------------------------------------------------------------------------------------------------------------------------------Within the economic criteria, there are five sub-criteria. (Please circle one answer for each)
Extent to which sub-criteria should be considered in the ranking process
Internal Rate of Return: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important

Net Present Value: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important
Vehicle Operating Cost Saving: Unimportant | Somewhat Unimportant | Neutral | Somewhat
Important | Important

Traveling Time Saving: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important |
Important
Unit Saving in Fuel Efficiency: Unimportant | Somewhat Unimportant | Neutral | Somewhat Important
| Important

How important do you consider the economic criteria in the project ranking process:
□ Unimportant： should not be considered at all
□ Somewhat unimportant：there must be other criteria to be considered
□ Neutral：one of the main criteria for project ranking
□ Somewhat important：less important compared to other criteria
□ Important：the dominating criteria for the decision-making process
_______________________________________________________________________________
Respondent Information:
Sex：
□ Male

□ Female

Owner of Automobile：
□ Yes

□ No

Age:
□ 18-29

□ 30-49

□ 50-64

□ 65 and over

Income Level:
□ High Income

□ Middle Income □ Low Income

□ N/A

Education Level：
□ High School

□ College

□ Graduate School

□ Others

Industrial Sector:
□ Public Sector

□ Financial Institution □ Architecture/Engineering/Contractor

□ Multilateral Development Organization

□ Others

Number of Employees Employed in the Organization:
□ 0-100

□ 100-1,000

□ 1,000-10,000
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□ above 10,000

Managerial Level (if applied):
□ Entry Level

□ Junior Level

□ Middle Level

□ Senior Level

Work Experience:
□ Less than 6 months
□ 5 - 7 years

□ 6 month – 1 year

□ 1 – 3 years

□ 3 – 5 years

□ Over 7 years

_______________________________________________________________________________
End of Survey
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APPENDIX IV:
Questionnaire (Chinese)
调查问卷目的：本次调查问卷的目的是，比较不同人群（道路使用者、工程规划者和政府
决策者）对城市交通项目排序指标重要性的看法。本问卷中，共有两个层次的标准。其中，
主要标准包括经济、工程、环境、社会和风险等五个方面。每个主要标准都包括三到五个
不等的次要标准。
_______________________________________________________________________________
环境保护标准包含有四个次级标准 (请为每个次级标准圈出相应的答案)
每个次级标准在排序过程中的重要性
预计的空气污染水平: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
预计的噪声污染水平: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
项目建成后的绿化面积: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
环境保护投资占总预算的比例: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
在项目排序的过程中，您对环境保护标准的重要性是怎么样看的？
□ 非常不重要：不应该考虑该项标准
□ 比较不重要：应该有其他的标准值得优先考虑
□ 中立：可以作为考虑的标准之一
□ 比较重要：是比较重要的标准
□ 非常主要：是项目排序时最重要的标准
--------------------------------------------------------------------------------------------------------------------------------社会影响标准包含有五个次级标准 (请为每个次级标准圈出相应的答案)
每个次级标准在排序过程中的重要性
搬迁家庭数目: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
搬迁居民数目: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
受项目建设影响的公众对项目的整体态度: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常
重要

交通事故减少率: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
对就业和公共设施的可达性: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
在项目排序的过程中，您对社会影响标准的重要性是怎么样看的？
□ 非常不重要：不应该考虑该项标准
□ 比较不重要：应该有其他的标准值得优先考虑
□ 中立：可以作为考虑的标准之一
□ 比较重要：是比较重要的标准
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□ 非常主要：是项目排序时最重要的标准
--------------------------------------------------------------------------------------------------------------------------------风险标准包含有三个次级标准 (请为每个次级标准圈出相应的答案)
每个次级标准在排序过程中的重要性
项目外部风险 [公众反对、政府决策者变更等]: 非常不重要 | 比较不重要 | 中立 | 比较重要 |
非常重要

项目设计风险 [设计延迟、预算不足等]: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重
要

项目实施风险 [合同变更，管理不力等]: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重
要

在项目排序的过程中，您对风险标准的重要性是怎么样看的？
□ 非常不重要：不应该考虑该项标准
□ 比较不重要：应该有其他的标准值得优先考虑
□ 中立：可以作为考虑的标准之一
□ 比较重要：是比较重要的标准
□ 非常主要：是项目排序时最重要的标准
--------------------------------------------------------------------------------------------------------------------------------工程技术标准包含有五个次级标准 (请为每个次级标准圈出相应的答案)
每个次级标准在排序过程中的重要性
高峰期每小时机动车设计通行流量: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
年平均日通行能力: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
路网密度的提高: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
设计使用年限: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
采用环保材料和工艺: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
在项目排序的过程中，您对工程技术标准的重要性是怎么样看的？
□ 非常不重要：不应该考虑该项标准
□ 比较不重要：应该有其他的标准值得优先考虑
□ 中立：可以作为考虑的标准之一
□ 比较重要：是比较重要的标准
□ 非常主要：是项目排序时最重要的标准
--------------------------------------------------------------------------------------------------------------------------------152

经济标准包含有五个次级标准 (请为每个次级标准圈出相应的答案)
每个次级标准在排序过程中的重要性
项目内部收益率 [项目投资能承受通货膨胀的能力]: 非常不重要 | 比较不重要 | 中立 | 比较重
要 | 非常重要

净现值 [项目是否盈利]: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
经济效益费用比 [综合考虑项目的所得（出行便捷、促进就业、房产增值）或者所失（政
府财政紧张、生态破坏、交通拥堵）: 非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
出行者交通时间的节省：非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
燃油成本的单位节约量：非常不重要 | 比较不重要 | 中立 | 比较重要 | 非常重要
在项目排序的过程中，您对经济指标的重要性是怎么样看的？
□ 非常不重要：不应该考虑该项标准
□ 比较不重要：应该有其他的标准值得优先考虑
□ 中立：可以作为考虑的标准之一
□ 比较重要：是比较重要的标准
□ 非常主要：是项目排序时最重要的标准
_______________________________________________________________________________
个人信息：
性别：
□男

□女

是否拥有机动车：
□是

□否

年龄:
□ 18-29

□ 30-49

□ 50-64

□ 大于 65

受教育程度：
□ 高中

□ 大学

□ 研究生及其以上

□ 其他

职业:
□ 专业技术人员 □ 办事人员

□ 商业、服务业

□ 国家机关

□ 其他

□ 生产、运输设备操作人员
单位人数：
□ 0-100

□ 100-1,000

□ 1,000-10,000

□ above 10,000

□ 其他
管理岗位:
□ 初级

□ 中级

□ 高级

□ 其他

工作经验:
□ 1-5 年之内

□ 5 – 10 年

□ 10 – 15 年
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□ 15 – 20 年

□ 其他

_______________________________________________________________________________

问卷结束
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APPENDIX V: Focus Group
For Case Study Two: World Bank Transport Project
Entity
Position
Zhang, Fan
China Urban
Senior Designer
Planning &
Design Institute
Kong, Lingbin
China Urban
Chief Engineer
Planning &
Design Institute
Li, Fengjun
China Urban
Senior Engineer
Planning &
Design Institute
Yin, Guangtao
China Urban
Senior Transport
Planning &
Consultant
Design Institute
Zhu, Yixuan
World Bank,
Urban Transport
China Office
Consultant
Deng, Fei
World Bank
Task Team Leader
Zhang, Xiaoke
World Bank,
Task Team Leader
China Office
For Case Study One: Tianjin Binhai New Area
Entity
Position
Zhang, Fan
China Urban
Senior Designer
Planning & Design
Institute
Liu, Yong
Nankai University, Associate Professor
Research Center of
Transportation
Economy
Yin, Zhe
Tianjin City
Project Manager
Infrastructure
Investment Group
Li, Jiawei
TBNA Urban &
Division Chief
Rural Construction
Commission
Li, Xiqing
Tianjin UrbanVice Commissioner
Rural Construction
& Transport
Commission
Guo, Zhigang
TBNA Planning
Division Chief
Bureau
Gao, Yongjie
Tianjin Municipal
Head of
Transportation
Comprehensive
Commission
Planning
Department
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Experience
16 Yrs.

10Yrs.

9 Yrs.

22 Yrs.

25 Yrs.
9 Yrs.
10 Yrs.

Experience
16 Yrs.

10 Yrs.

9 Yrs.

22 Yrs.

23 Yrs.

20 Yrs.
9 Yrs.

