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Project Background

For the past three years, the Institute for Global Environmental Strategies (IGES) has been conducting
research on co-benefits. This research has demonstrated that quantifying co-benefits is essential to
mainstreaming climate and development concerns into project appraisals, policymaking processes, and
international climate negotiations. IGES research has also shown that, while it is important to quantify
co-benefits, policymakers in developing Asia frequently lack the time, resources, and training to conduct
standard cost-benefit analyses. These difficulties are compounded in the transport sector due to a large
number of actors, frequent limits on data, and a wide range of feedbacks. Hence a simple intuitive tool
to support the quantification of co-benefits of transport projects and policies is much needed.

For the past two years, IGES has been working closely with researchers at Nihon University in Tokyo,
Japan and associated organizations in Thailand and the Philippines to develop such a tool.
“Mainstreaming a Transport Co-benefits Approach: A Guide to Evaluating Transport Policies and Projects”
represents the result of these efforts. The guidelines provide a set of user-friendly, step-by-step
instructions for policymakers, transport planners, and development specialists interested in quantifying
co-benefits of transport projects in Asia.

The TCG benefitted greatly from the recommendations of international panel of transport experts and
policymakers at a review at the second meeting of the International Forum on a Sustainable Asia and
the Pacific (ISAP). The TCG also received valuable feedback from Asian Transport Research Society
(ATRANS), the Ministry of Transport, Operations and Transport Planning (OTP) Office, the Clean Air
Initiative for Asian Cities (CAl-Asia), and other organizations in Thailand and Philippines who participated
in field testing workshops. The project was generously supported by the Ministry of Environment, Japan
(MoE)).



Introduction

Efficient and modern transport systems are critical to development. But as the developing world
urbanizes, the negative externalities from air pollution, on-road congestion, traffic accidents
demonstrate the flaws in the conventional approach to transport planning. Simply building more roads
and elevated expressways is neither sustainable nor desirable. Yet deviating from business-as-usual
requires not only a different set of transport choices but a different approach to transport planning. This
“co-benefits approach” prioritizes transport projects that meet immediate development needs while
addressing longer term climate change concerns.

The transport sector accounts for more than two thirds of global oil consumption and emits 23% of
energy related CO, (IEA, 2009). This share is likely to increase due to rapid motorization in developing
countries, especially countries in Asia. Road transport is the dominant producer of greenhouse gases
(GHGs) from the transport sector, with cars accounting for almost half of domestic transport emissions
by source. Policymakers in Asia hence are increasingly confronted with the following dilemma: how to
reduce fossil fuel consumption thereby mitigating GHG emissions while improving energy security,
mobility, road safety, and air quality? Mainstreaming co-benefits into transport planning is the first step
to turning this challenge into an opportunity.

Taking a Co-benefits Approach in the Transport Sector: What, Why and How?

A co-benefits approach capitalizes on synergies between current local problems (e.g. congestion, air
pollution, etc.) and their future global consequence (climate change) by integrating multiple objectives
into project planning. In addressing mobility, accessibility, road safety, air pollution and CO, emissions in
a holistic manner, a co-benefits approach not only can maximize benefits but minimize costs. The
approach may further bring much needed funding to the transport sector if trends in international
development finance and climate change negotiations move in their current direction. It may also
encourage policymakers to account for multiple benefits in the ex ante planning stage of a transport
project in contrast to acknowledging ancillary or secondary benefits ex post.

The Transport Co-benefits Guidelines (TCG) presents policymakers, practitioners and other stakeholders
with a simple, intuitive tool to quantify co-benefits from transport projects in Asia. The TCG is intended
to clarify the steps involved in estimating reductions in CO, and conventional air pollutants as well time
savings, vehicle operating costs, and accidents. It also aims to give different stakeholders a common
understanding of how co-benefits were estimated. Throughout the TCG, the discussion of co-benefits
recognizes that for developing countries in Asia climate change mitigation is a co-benefit of transport
projects not the other way around (see figure 1).



Figure 1 Co-benefits Framework
(Adapted from MoE-Japan’s Co-benefit Platform)

“The benefits of policies that are implemented for various reasons at the same time—including climate
change mitigation—acknowledging that most policies designed to address greenhouse gas mitigation also

have other, often at least equally important rationales (e.g. related to objectives of development,
sustainability, and equity).” (IPCC, 2007)

While it is estimated that CO, emissions from developing Asia’s transport sector will rise from 1 billion
tons to more than 2 billion tons per year between 2005 and 2030 (ADB, 2009), effectively addressing
this growth presents two major difficulties. First, the transport sector is not a key sector for climate
change mitigation; and second, CO, emissions are not a key driver in shaping transport policy. To
overcome these difficulties, climate researchers and transport specialists are increasingly advocating
integrating climate, energy, and transport policies.

Advocacy for a co-benefits approach has nonetheless run ahead of applications of the approach. There
are several reasons for the shortage of applied examples. First, there is no silver bullet policy or project
that can address all transport problems at once. What is generally needed is a portfolio of
complementary policies and projects that target vehicle, fuels, mode choice and urban planning in an
integrated manner. Second, complexities arise even when comparing single policies or projects. To



illustrate, table 1 provides an assessment of the benefits of select policies under the “Avoid-Shift-
Improve” paradigm - i.e. avoiding unnecessary travel or reducing travel demand by better integration of
transport and land-use planning, shifting to more efficient transport modes either non-motorized or
public transport, and improving current motorized vehicles or fuels through technological innovations
(ADB, 2009). As suggested by the number of plus signs in table 1, not all transport policies and projects
are created equal. Rather some policies and projects perform better than others in reducing pollution,
curbing congestion, and mitigating CO.,.

Table 1 Quick assessment of transport policies and projects

Avoid — reduce number of trips

Land use — Behavioral change +++ +++ ++
TDM/TOD ++ +++ ++
Shift — reduce emissions per unit
transported
Passenger transport:
Mode switch +++ ++ +++
Usage of larger units + + ++
Improved occupancy rates ++ ++ ++
Freight transport ++ ++ ++

Improve —reduce emissions per km

Technology / vehicle change +++ ++ ?
Improved driving skills ++ + +
Fuel-switch (CNG, LPG, biofuels) ++ ?

Source: CAl-Asia, 2008

Third, while table 1 is a helpful heuristic for a preliminary comparison of options, it is imperative to
quantify and preferably monetize co-benefits to be meaningful in the decision-making processes. Table
2 presents some recent quantitative studies of co-benefits. The studies demonstrate that climate co-
benefits are generally smaller than development co-benefits (i.e. air quality improvements, time savings
etc). The studies also highlight another significant challenge—namely that generating co-benefits
estimates can be a data and time-intensive process.

The estimation process is particularly difficult in the transport sector because information on the
movement of people and goods, mode of transport used, fuel consumption, and emission trends is
often limited and fragmented. Further, though transport projects are typically required to conduct
feasibility studies, economic impact assessment, and environmental impact analysis (especially projects
funded by ODA or multi-lateral banks), strong oversight is needed to ensure compliance. Finally and
most importantly, government agencies often lack the human resources and technical training to



become involved in the analysis of co-benefits. In addition to monitoring, an informed appreciation will
be especially important during the conceptualization phase of the transport planning process.

Table 2 Recent studies related to co-benefits in the transport sector

Study/Research/Project Quantified benefits / Results

Creutzig and He (2009) \n Beijing, social costs of climate change amount to 1.4 billion RMB per
annum which was valued higher than noise (0.9 billion RMB/annum),
accidents (1 billion RMB/annum) but \ess than air pollution (19.8 billion
RMB/annum) and congestion (22.8 billion RMB/annum).

Den Boer et al (2009) The environmental, safety and congestion impacts of \orries in the EU —in
this study CE Delft has the contribution of heavy goods vehicles (HGV) in
the EU-27 to emissions of CO, and air pollutants, noise, traffic accidents
and congestion. The total external costs associated with HGV transport
was around €144 billion, with infrastructure costs (51%), traffic accidents
(30%) and congestion (24%) making up the bulk of these costs. The
authors found the costs of noise (18%) and air poliution (16%) as
comparable to congestion and other costs, while those of CO, emissions
(5%) made the smallest contribution.

Woodcock et al. (2009) The study estimates the health effects of alternative urban \and transport
scenarios for London, UK, and Delhi, India. The study finds that
“reduction in carbon dioxide emissions through an increase in active
travel and less use of motor vehicles had \arger health benefits per million
population (7332 disability-adjusted life-years [DALYs] in London, and 12
516 in Delhi in 1 year) than from the increased use of \ower-emission
motor vehicles (160 DALY's in London, and 1696 in Delni). However, a
combination of active travel and lower-emission motor vehicles would
give the \argest benefits (7439 DALYs in London, 12 995 in Delhi),
notably from a reduction in the number of years of \ife \ost from ischaemic
heart disease (10-19% in London, 11-25% in Delhi).” Hence “policies to
increase the acceptability, appeal, and safety of active urban trave\, and
discourage travel in private motor vehicles would provide \arger health
benefits than would policies that focus solely on \ower-emission motor

vehicles.”
Integrated Environmental The study find that a package of policies in Manila, Philippines consisting
Strategies (2005) of the measures below can result in a 69% decrease in particulate matter
(PM) and 53% decrease for in CO, over baseline projections for the year
2015.

e Restriction to private car use, decreasing vehicle-kilometres by
11% in private vehicles

e Construction of bikeways promoting 1.5% to 3.5% shift from
tricycles 1o bicycles

e Expansion of the metropolitan railway network by 2015




e Restriction to private car use, decreasing vehicle-Kilometres by
11% in private vehicles

e Construction of bikeways promoting 1.5% to 3.5% shift from
tricycles 1o bicycles

e Expansion of the metropolitan railway network by 2015

Source: Adapted from Leather (2009), Rethinking Transport and Climate Change. ADB. Manila.

Given the above constraints and the growing need for quantification (Leather, 2009; Maibach et al, 2008;
Uchida and Zusman, 2008), simplifying the estimation process could play an increasingly important role
in Asia’s transport sector. Simplification will necessarily present trade-offs - ease of use will come at the
expense of analytical precision. Yet some of the uncertainty can be reduced by calibrating data and
practices to resemble on-the-ground situations. Further, an initial scoping of co-benefits could help
determine if more rigorous analyses are needed.

Thus the TCG offers a practical set of steps to quantify co-benefits. In so doing, it occupies a critical place
between the quick “checklist” assessments in table 1 and the time and data-intensive research in table 2.
It is believed that such a resource will help fill an important void in the transport planning process. The
TCG can also supplement existing evaluation methods that appear poised to attract interest in the
future climate mechanisms and development assistance programs.

The future of co-benefits: the CDM, the post-2012 climate regime, and non-
UNFCCC mechanisms

Co-benefits are not a new phenomenon. Since the 1990s, researchers have been applying energy
models to estimate the air pollution and climate change ancillary benefits from policies and measures
(Ayres and Walters, 1991). What is new is the growing interest in bringing this research to bear on
actual sectoral policies and measures. The recent interest in practical application is particularly relevant
for transport projects. In contrast to other sectors, they often deliver sustainable development and GHG
mitigation benefits. That transport projects generate these benefits corresponds with the Clean
Development Mechanism’s (CDM) twin goals of providing low cost GHG mitigation opportunities and
promoting sustainable development in host countries. This further fed expectations that CDM would
play an important role in the transport sector when it was created in 2003.

But since 2004 at the 10™ Conference of Parties (COP 10) to the United Nations Framework Convention
on Climate Change (UNFCCC) concerns have been raised about the “fit” between transport and the CDM.
By COP 13, a report card on CDM paid more attention to the barriers than the potential for transport.
Today the evidence of these barriers continues with only seven approved transport methodologies,
three registered transport projects, and 0.4% of the total certified emission reduction strategies (CERSs)
from the transport sector.



The disappointing performance of the CDM has led to several proposals to reform the CDM or the future
climate regime or non-UNFCCC mechanisms. All three sets of reforms—to the CDM, to the future
climate regime generally, and to international financing mechanisms outside the UNFCCC—involve
accounting for a broader range of benefits than conventional appraisal frameworks.

e Reforming the CDM-Several of the reform proposals concentrate on changing the rules
governing the CDM. These include suggestions to scale up the CDM from the project to the
policy or sectoral level. This would arguably help transport projects because a larger scale
mechanism would reduce the transaction costs from measuring GHG reductions. Another set of
proposals calls for greater use the “first of its kind” principle that would allow some project
types to waive CDM additionality requirements. This was presumably justified because transport
projects were typically intended to achieve development goals, thus it was difficult to
demonstrate that a project was additional to what would occur absent carbon finance.

Another set of potentially beneficial proposals for transport CDM focused on promoting
developmental co-benefits through “facilitative means.” The facilitative means referred to
various forms of preferential treatment for project activities with co-benefits, such as expedited
processing times, reductions in registration costs, or a relaxation of additionality rules (see table
3). These suggestions were not included the text of the Copenhagen Accord, and it remains to
be seen if they will be raised again in the lead up to COP 16. But their discussion suggests an
interest in quantifying co-benefits, especially for a comparably more flexible set of mechanisms
based on Nationally Appropriate Mitigation Actions (NAMAs).

e Post-2012 Mechanisms: Nationally Appropriate Mitigation Actions (NAMAs) and Measurable
Reportable and Verifiable (MRV)-Among the most important of these mechanisms are those
that will provide technology, capacity building and financial support to NAMAs. The acronym
“NAMAs” was first used in the Bali Action Plan—the 2007 agreement that laid a foundation for
negotiating a future climate change agreement. The Bali Action Plan stipulates that developing
country parties would take NAMAs in the context of sustainable development in exchange for
financial, technology and capacity building support in measurable, reportable, and verifiable
(MRV) manner. The interpretation of this text remains highly contested, but there is an
emerging consensus that developing countries could take three different types of NAMAs with
corresponding differences in MRV:

o Unilateral NAMAs - actions taken and financed independently by host countries. These
actions will be reported to the UNFCCC and measured, reported and verified nationally
with “international consultations and analysis (ICA).” The term ICA has itself been the
subject of much debate.

o Supported NAMAs -actions that would receive financial and other forms of support from
developed country parties under a new fund (likely to be named the Copenhagen Green
Fund) under the climate change regime. These NAMAs would be subject to international
MRV.



o Credited NAMAs - would receive financing from new crediting mechanism under the
UNFCCC. Again these NAMAs would be subject to international MRV similar to the CDM.

The second category, supported NAMAs, has also led to discussions of creating a separate

financing window under the UNFCCC for sectors such as transport.

The proposed window

would operate as fund based mechanism rather than a market mechanism and allocate

financing of NAMAs on several sector-specific evaluation criteria, including long-term GHG

reduction potential, cost effectiveness, and co-benefits (CCAP, 2010).

Table 3.1 UNFCCC Submissions Referring to Co-benefits

Date and Title

Summary of relation to co-benefits

Supporting documents

April 2009 Mentions that NAMAs with social, | Submission to the AWG-LCA (see
Lesotho on behalf of LDCs | environmental, and economic co- | page 4)
Submission to the AWG-LCA benefits, may be proposed by
developing countries, particularly
LDCS and SIDs
April 2009 Mentions that co-benefits should be | Submission for the AWG-LCA (see
Argentina Submission to the AWG- | part of the eligibility criteria for | page 3)
LCA future climate regime’s market
mechanism
April 2009 Notes that project activities that | Submission for the AWG-LCA (see

Panama, Paraguay and El Salvador
Submission to the AWG-LCA

demonstrate co-benefits defined
and confirmed by the Designated
National Authority (DNA) should be
eligible for preferential treatment

page 3)

April 2009

Japan Submission to the AWG-LCA
and AWG-KP on emissions trading
and a project based mechanism

Calls for a market mechanism that
grants preferential treatment to
projects with co-benefits (reduced
registration fees)

Clarifies that the co-benefits would
be reductions in air, water and
waste pollution as well tech transfer
and capacity building

Asserts that the mechanism for
MRVing co-benefits should be under
the UNFCCC

Suggests that a DoE should not
approve of co-benefits because it
would constrain the flexibility of the
market mechanism

Submission to the AWG-LCA and
AWG-KP (see page 8)

2009
CDM Executive Board
Analysis of CDM Efficiency

Summarizes inputs on reforms to
the CDM involving efficiency
including, inter alia, registration and
issuance of credits, determination
of additionality, submission of, and
revisions to, methodologies,
encouragement of CDM programme
of activities (PoA)

and promotion of sustainable

Analysis of CDM Efficiency for 48"
Meeting of the CDM executive
board (see page 9)




development. Makes reference to
fast track approval for project
activities with co-benefits

May 2009
AWGLCA negotiating text

Mentions a mechanism to register
the co-benefits of NAMAs

Mentions co-benefits should be
eligibility  criteria  for  project
activities for a future market
mechanism and specifies
institutional  arrangements  for
defining which co-benefits

Refers to promoting co-benefits
from REDD+

AWGLCA negotiating text (see para
82,108, 118, and 142)

August 2009
AWGLCA Informal
Mitigation 1.b.ii
Reading guide for text on 1.b.ii

group on

Refers to a mechanism to register
the co-benefits of NAMAs

Reading guide (see para 82)

October 2009

Non-paper 20 on article 1.b.ii of the
Bali Action Plan
Prepared for
meeting

AWG-LCA Bangkok

Mentions that co-benefits of

NAMAs should be registered

Non-paper 20 (see para 48 and para
51)

October 2009
Non-paper 30 on article 1.b.v of the
Bali Action Plan

Prepared for AWG-LCA Bangkok

Mentions that market mechanisms
should promote co-benefits

Also refers to non-market based
approaches that could support

Non-paper 30 (see para 6)

meeting activities with co-benefits
October 2009 Refers to promoting co-benefits
Non-paper by the chair of the | through facilitative means

contact group on paragraph 49 (c)
of the report on the resumed sixth
session of the AWG-KP “other
issues”

Covers institutional
for identifying

arrangements

October 2009
Non-paper on proposals for draft
decisions under the AWG KP

Presents several options for raising
the visibility of co-benefits and
promoting co-benefits

Covers institutional arrangements
for identifying co-benefits

Non-paper ( see para 26, 7, 28, 29,
30)

Table 3.2 Negotiating Texts Referring to Co-benefits

Date Document

MRV/NAMAs

CDM Other

20 November 2008

FCCC/AWGLCA/2008/16 2
Ideas and proposals on paragraph 1
of the Bali Action Plan




15 January 2009

FCCC/AWGLCA/2008/16/Rev.1 Ideas 3 1 3
and proposals on paragraph 1 of the
Bali Action Plan

17 March 2009

FCCC/AWGLCA/2009/4 (Part II) 1 1
Fulfillment of the Bali Action Plan
and components of the agreed
outcome

14 May 2009

FCCC/KP/AWG/2009/8 2
A text on other issues outlined in
document FCCC/KP/AWG/2008/8

19 May 2009

FCCC/AWGLCA/2009/8 2
LCA Negotiating text

15 September 2009 FCCC/AWGLCA/2009/INF.2 2

Reordering and consolidation of text
in the revised negotiating text

16 November 2009 FCCC/KP/AWG/2009/10/Add.3/Rev.3 4

Documentation to facilitate
negotiations among Parties.

17 May 2010

FCCC/AWGLCA/2010/6 1
Text to facilitate negotiations among
Parties

Non-UNFCCC Funding Mechanisms-Development assistance is another area where quantifying

co-benefits could prove useful. Multilateral development banks and bilateral development

agencies are becoming increasingly interested in moving away from a tradition of road building

to more sustainable, low carbon options that could lead to a more holistic accounting of co-

benefits.

o The Asian Development Bank (ADB) Sustainable Transport Initiative (STI) — In recent

years, the ADB has gradually begun to shift finance for transport from road building
projects to projects with broader range of benefits. This has involved placing a greater
emphasis on urban transport, climate change and energy efficiency, regional
cooperation and integration, road accidents and social sustainability. Mainstreaming
sustainability in the ADB lending portfolio will require recognizing and rewarding co-
benefits.

Climate Investment Funds (CIF) — In 2008, donors led by the World Bank pledged over
USS$6.1 billion to create climate investment funds to provide concessional finance for
projects with global and local benefits. Of the two funds, the Climate Technology Fund
(CTF) is increasingly concentrating on sustainable, low-carbon transport that could
potentially have a transformative effect on the transport sector in developing countries.




Taking full advantage of these new developments will require not only changes in how the international
community evaluates transport projects, but that policymakers in developing countries and transport
practitioners have the expertise and tools to quantify co-benefits. The methodologies discussed herein
intend to help build this capacity. By recognizing co-benefits — time savings, air quality improvement,
health impacts, accident reduction, CO, reduction — alternative transport projects will be given priority
over conventional approach to building more roads and layers of elevated expressways.



Guide to quantifying co-benefits

The TCG is intended for policymakers, private practitioners and specialists in the transport, climate, air
pollution and urban planning sectors, as well as related funding institutions. The TCG helps to clarify the
steps in estimating reductions in CO, and conventional air pollutants as well time savings, vehicle
operating costs, and accidents. It also aims to give different stakeholders a common understanding of
how co-benefits were initially estimated and eventually measured, reported, and verified. The TCG is at
this point focused on transport projects because they are a critical building block of transport policies.
Future iterations may include methods for assessing policies.

This section will guide the quantification of co-benefits. The section on quantification will revisit
conventional cost-benefit analysis (CBA) to estimate and quantify time savings, vehicle operating costs
savings, traffic accident reduction, and environmental benefits — local air pollution by measuring
nitrogen oxide (NO,), particulate matter (PM) and carbon monoxide (CO); climate change mitigation by
CO,.

The methods in the TCG are based on Japan Research Institute’s (JRI) “Guidelines for the Evaluation of
Road Investment Projects.” The decision to adapt JRI’s guidelines comes from a desire to build on
existing capacity and experience. Rather than re-inventing the wheel, the TCG incorporates recent
advances in estimating environment and climate impacts into well established assessment techniques.
The JRI's guidelines are already widely disseminated among transport experts, making it easier to
integrate the updated and expanded environment and climate assessments into accepted techniques.

This section of the TCG begins with steps for quantifying the benefits from time savings. It then moves
to the benefits from vehicle operating costs. The third section focuses on road safety benefits. A final
section concludes with environmental benefits, both urban air pollution and CO,.

Time savings

Basically travel time is monetized by simply multiplying travel time with the value of time. Value of time
can be estimated in two ways — by resource value approach and behavioural value approach — wherein
resource value means the marginal productivity of time with the assumption that a unit of time is used
for production instead of driving while behavioural value means the user’s willingness to pay for a unit
of time with the assumption that a unit of time can be used for others activities instead of driving.

Input data requirements
1. Traffic volume of each vehicle type — passenger car, bus, van, small truck, ordinary truck,
motorcycle (with and without project)
2. Average travel time of each vehicle type (with and without project)
3. Value of time of each vehicle type

Formula



Benefit of travel time saving BT =BT, -BT,
Total Travel time cost (per year) BT, = ZZ(QU‘I ><TijI Xa, )x 365
7o

where,
BT : Benefit of travel time saving
BT, : Total Travel time cost with/without project

QijI : traffic volume for j vehicle type on link |, with/without project (vehicle/day)
TijI : average travel time for j vehicle type on link|, with/without project (minute)
a;: value of time for j vehicle type (monetary unit/minute*vehicle)

b 1= Wyith project, 1=0 without project,

] : vehicle type

| link

Estimating the value of time

Value of time depends on trip purpose, vehicle occupancy ratio, among other factors. Since neither
traffic demand nor traffic volume is generally segmented by trip purpose but by vehicle type, the value
of time is also estimated for each vehicle type.

The value of working time per person is calculated based on the wage rate. However, majority of trips
are not work-related, but done in the traveler's own time. The opportunity cost of travel varies
considerably but for ease of estimation, it may be appropriate to do a simple assumption of a common
value of time for all travelers based on the wage rate.

To convert the value of time per person to value of time per vehicle type, it is multiplied by the average
number of passengers per vehicle plus adding the rental charge of the vehicle. The value of time for
truck is calculated in the same manner including the equivalence of inventory of freight cargoes. In cases
of staged trips, the value of time for the main mode should be used, where the main mode refers to the
mode for the longest trip by distance.

Table 4 shows the unit value of time per vehicle type in Japan and Thailand for six types of vehicles (i.e.
passenger car, bus, van, small truck, ordinary truck, and motorcycle).

Table 4 Unit value of time per vehicle type (in US $/vehicle-minute)

Vehicle type (j) Japan Thailand
Passenger car 0.44 0.061
Bus 4.10 0.031
Van 0.53 -
Small truck 0.52 -
Ordinary truck 0.70 0.031
Motorcycle - 0.010

Note: Based on 2008 data and prices



Vehicle operating costs savings

The unit vehicle operating cost is defined as a function of road type and driving conditions, travel speed
and other factors. The elements of vehicle operating cost are fuel, oil, tire and tube, maintenance and
depreciation of the vehicle.

Input data requirements
1. Traffic volume of each vehicle type — passenger car, bus, van, small truck, ordinary truck,
motorcycle (with and without project)

2. Length of link
3. Value of vehicle operating cost of each vehicle type

Formula

Benefit of vehicle operating cost reduction BR = BR, — BR,,
Total Travel time cost (per year) BR, = ZZ(Q”, xL, x B, )x 365
i

where,
BR : Benefit of vehicle operating cost reduction
BR; : Total vehicle operating cost with/without project
QijI : traffic volume for j vehicle type on link | , with/without project (vehicle/day)
L, : Link length of link| (km)
ﬂj : value of vehicle operating cost for j vehicle type (monetary unit/minute*vehicle)

1. 1=Wyith project, i=0 without project,
] : vehicle type

- Jink

Estimating vehicle operating cost
The vehicle operating cost should be calculated for each OD pair by the following steps:

1) select the value of the unit vehicle operating cost for each link included in the OD pair,
according to travel speed, vehicle type and road type;

2) multiply the unit vehicle operating cost ($/vehicle - km) with traffic volume on the link (vehicle

-km) to obtain the vehicle operating cost for the link volume (vehicle - km);

3) sum up the vehicle operating cost for each link over the links included for each OD pair, and



4) divide the vehicle operating cost for the OD pair by the OD traffic volume so as to obtain the
vehicle operating cost per vehicle which is specific to each OD pair.

Japanese data on vehicle operating costs varies depending on the type of the road and terrain as shown
in succeeding tables 5-1 to 5-4. These values can be used initially if there is no data available. Note that
the denomination is in US $ converted from yen based on prices in 2008. Unit cost between classes of
speed in the table should be calculated by linear interpolation. It is assumed that values corresponding
to 60km/h are used in case of speeds beyond 60km/h.

Table 5-1 Ordinary road (DID) (Unit : US $/vehicle*km)
Ave.
Speed Passenger PASSENEEr | small |Ordinary
(km/hour) car Bus carclass | truck | truck
(incl. bus)
5 0.47 1.20 0.48 0.36 0.82
10 0.34 1.01 0.35 0.31 0.67
15 0.30 0.94 0.31 0.29 0.60
20 0.27 0.89 0.28 0.27 0.55
25 0.26 0.86 0.27 0.26 0.51
30 0.25 0.84 0.26 0.25 0.48
35 0.24 0.82 0.25 0.25 0.45
40 0.24 0.81 0.25 0.24 0.44
45 0.24 0.81 0.24 0.24 0.43
50 0.23 0.80 0.24 0.24 0.42
55 0.23 0.80 0.24 0.24 0.41
60 0.24 0.80 0.24 0.24 0.41

Notel) Prices in 2008
Note2) Unit cost between classes of speed in the table should be calculated by linear interpolation.
Note3) Values of 60km/h are used respectively, in the case of speeds beyond 60km/h

Table 5-2 Ordinary road (plain) (Unit : US $/vehicle*km)
Ave.
Speed PASSENEET | gmall Ordinary
(km/hour) [Passenger|  pq carclass | ek truck
car (incl. bus)
5 0.37 0.95 0.38 0.30 0.70
10 0.26 0.79 0.27 0.26 0.59
15 0.23 0.73 0.24 0.24 0.53
20 0.21 0.69 0.21 0.22 0.49
25 0.19 0.67 0.20 0.22 0.46
30 0.18 0.65 0.19 0.21 0.43
35 0.18 0.63 0.19 0.20 0.40




40 0.17 0.62 0.18 0.20 0.39
45 0.17 0.61 0.18 0.20 0.37
50 0.17 0.61 0.18 0.19 0.36
55 0.17 0.60 0.18 0.19 0.36
60 0.17 0.60 0.18 0.19 0.35

Notel) Prices in 2008
Note2) Unit cost between classes of speed in the table should be calculated by linear interpolation.
Note3) Values of 60km/h are used respectively, in the case of speeds beyond 60km/h

Table 5-3 Ordinary road ( mountainous )  ( Unit : $/vehicle-km )

Ave.
Speed passenger | Small |Ordinary
(km/hour) Passenger Bus car class truck truck
car (incl. bus)
5 0.35 0.90 0.36 0.28 0.67
10 0.25 0.75 0.26 0.24 0.57
15 0.21 0.69 0.22 0.23 0.52
20 0.19 0.65 0.20 0.21 0.48
25 0.18 0.62 0.19 0.21 0.45
30 0.17 0.60 0.18 0.20 0.42
35 0.16 0.59 0.17 0.19 0.39
40 0.16 0.58 0.17 0.19 0.38
45 0.16 0.57 0.17 0.19 0.36
50 0.16 0.57 0.16 0.18 0.35
55 0.16 0.56 0.16 0.18 0.34
60 0.16 0.56 0.16 0.18 0.34

Notel) Prices in 2008
Note2) Unit cost between classes of speed in the table should be calculated by linear interpolation.
Note3) Values of 60km/h are used respectively, in the case of speeds beyond 60km/h

Table 5-4 Expressways (Unit : yen/vehicle*km)
Ave.
Speed passenger | Small |Ordinary
(km/hour) Passenger g s carclass | truck | truck
car (incl. bus)
30 0.12 0.43 0.12 0.16 0.37
35 0.11 0.42 0.12 0.15 0.35
40 0.11 0.41 0.11 0.15 0.33
45 0.10 0.40 0.11 0.14 0.32
50 0.10 0.39 0.11 0.14 0.30
55 0.10 0.39 0.10 0.14 0.30
60 0.10 0.39 0.10 0.14 0.29
65 0.10 0.39 0.10 0.14 0.29
70 0.10 0.39 0.10 0.14 0.29
75 0.10 0.39 0.11 0.14 0.30




80 0.10 0.40 0.11 0.14 0.31
85 0.10 0.41 0.11 0.15 0.32

90 0.11 0.42 0.11 0.15 0.34
Notel) Prices in 2008

Note2) Unit cost between classes of speed in the table should be calculated by linear interpolation.
Note3) Values of 60km/h are used respectively, in the case of speeds beyond 60km/h

Traffic safety benefits

Traffic accident is a contingent event caused by many intricately inter-related factors. It is difficult to
generalize that measures to improve traffic flow always enhance traffic safety. It can be generally
expected, however, that any measure aimed to improve the flow of vehicles and pedestrians may
contribute in reducing the occurrence rate and damage by traffic accidents as supported by statistical
report observed before and after the improvement.

The occurrence rate of traffic accident varies with factors such as road type, roadside type, road
structure and characteristics of road traffic. The damage cost specified with types of traffic accident for
each road section is also given as a function of the above-mentioned factors.

Statistics of traffic accident usually record the conditions of the accident point and the related road
section, and the surrounding area. The statistics also record the following: damage level; the numbers of
casualties; fatal injuries; and minor injuries. Accidents are classified into vehicles mutually damaged,
single vehicle damaged, pedestrian, bicycle, and so on. For material loss of vehicles, which does not
include human injury, record of insurance payments for the vehicle damage can be a data source. Traffic
volume at the accident point and the time required to clear the way determine the loss by traffic
congestion.

Methodology

Generally, traffic safety benefit is calculated from the change in occurrence rate of accidents and
damages incurred “with” and “without” any transport project or policy are introduced following the
steps outlined in figure 3.
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Figure 3 Flow of traffic accident loss calculation

In this guide, the damage of a traffic accident is calculated from factors that can be specified at the

planning stage, not at the detail design stage. However, the circumstances from the occurrence of a

traffic accident are very sensitive to detail circumstances of the road under plan, and therefore very

hard to accurately predict. It should be remarked that the traffic safety benefit shown here is based on a

general tendency observed at a national average level.

The characteristics of a traffic accident occurrence (frequency and severity) differ with the road type

such as national freeway, access-controlled road, or ordinary road. On the ordinary road, accidents are

potentially dependent on the number of lanes, roadside type and median strip conditions. The damage

cost of human injury, occurrence rate of human injury and loss per accident are then to be calculated

with the formula defined for each category:

e National freeway, access controlled road

e Ordinary road

o Roadside type: DID, other urban area, non-urban area (plain area and mountainous

area)



o Number of lanes: 2 lanes, 4 or more lanes
o Road structure: with or without median strip

Input data requirements
1. Type of road

2. Type of roadside
3. Road structure — median strip condition
4. Number of lanes
5. Daily traffic volume (in 1,000 veh/day)
6. Length of link
7. Number of major intersections

General formula

The total loss by traffic accidents in a road network is the sum of the loss at each link, calculated
according to road type, roadside type and the road structure. The total traffic safety benefit is the
change in total damage cost.

BA =BY, - BY,,
BY, =D Y,

|
BY, =D Y.,

|

BA : total traffic safety benefit (1,000 US $/year)

BA, : total accident loss without project(1,000US $/year)
BA,, : total accident loss with project(1,000US $/year)

Y, :accident lossat link without project(1,000US $/year)
Y, : accident lossat link with project(1,000US $/year)

I 11 =wwith project, i = 0 without project

I :link

Formula for calculating traffic accident loss

Accident loss at each link should be calculated with the formula shown in Table 6-1. The loss to be
calculated here includes human and material losses and congestion loss caused by traffic accident. The
formula should be selected from Table 6-1 according to whether the link has a median strip or not.
However, such data have not always been already collected. If it takes a huge amount of time to collect
new data, it is admissible to apply the formula in Table 6-2 to the road with 4 lanes or more.



e Formulas classified by with/without median strip

Table6-1 Formulas for calculating traffic accident loss

Type of road and roadside Formulas

2-lane road A A;=2252X 4;+5.55X
DID Without median A A;=20.95X 4;+5.55X 5

4 lanes or more
With median strip A A;=17.80X 4;+5.55X 5
2-lane road AA;=17.49X 4;+5.76 X 5

Ordinary

Other urban area Without median A A;=16.55X ;;+5.23X 5

road 4 lanes or more
With median strip AA;=11.94X ;;+5.23X 5
2-lane road AA;=13.93X ;;+6.91X,
Non-urban area Without median A A;=11.52X ;;+5.97 X,

4 lanes or more
With median strip A A;=9.95X ;;+5.97 X 5

National freeway A A=3.77Xy

A A : traffic accident loss at link (1,000 US $ /year)
X1 :vehicle-kilometer (1,000 vehicles-km/day) on link / with / without project
= daily traffic volume (1,000 vehicles /day)xlink length (km)

X, : number of traffic volume multiplied by number of major intersections :
vehicle-intersection (1,000 vehicles-intersection/day) on link / with / without project

= daily traffic volume (1,000 vehicles/day)xnumber of major intersections

e Provisional formulas (not classified by with/without median strip)

Table 6-2 Formulas for calculating traffic accident loss

Type of road and roadside Formulas
DID 4 |lanes or more A A;=18.43X 4;1+5.55X
Ordinary road Other urban area 4 lanes or more A A;=13.20X ;3;+5.23X 5
Non-urban area 4 lanes or more A A;=10.79X ;3 +5.97X 5

A A, X; X,: sameasinTable 6-1

o Formula for calculating number of human accidents

Occurrence of human accident
The number of human injuries per section is calculated as follows:

1. calculate vehicle-kilometer or vehicle-intersection for each link from the link length the
daily traffic volume and the number of major intersections




2. input these values into the formula selected from Table 6-3 for each of road sections
and intersections, and the number of the accidents is to be obtained.

Accidents, including human damage on an ordinary road of 4 lanes or more, should be estimated by the
formulas in table 6-3 which is classified by with/without a median strip. The formulas in table 6-4 have
been prepared for the cases that a median strip cannot be considered or data of median strip does not
exist. The case with a median strip means that the median strip is equipped to 65% or more of the
section length. A major intersection refers to the one where the width of the intersecting road is more
than 5.5 m.

Table 6-3 Formulas for calculating number of human accidents classified by with/without

median strip
. Number of accidents
Type of road and roadside - -
Road section Intersection
2-lane road Z,=038X, Z,=0.09X,
DID Without median strip Z.=034X, Z,=0.090X,
4 lanes or more
With median strip Z.=029X, Z,=0.09X,
2-lane road Z,=022X, Z,=0.083X,
Ord(;nary Other urban area Without median strip Z 1=0.25 X 1 V4 2 =0.079 X 2
roa 4 lanes or more
With median strip Z.=018X, Z,=0.079X,
2-lane road Z.:=013X, Z,=0088X,
Non-urban area Without median strip Z 1=0.15 X 1 Z 2 =0.078 X 2
4 lanes or more
With median strip Z.=013X, Z,=0.078X,
National freeway Z.=0032X, -

Note) Based on traffic accident integrated data, 2004 -2006 and Road Traffic Census, 2005

Table 6-4 Formulas for calculating number of human accidents not classified by with or without

median strip

Type of road and roadside Road section Intersection
pIp 4 lanes or more Z.=030X, Z,=0.090X,
Ordinary road Other urban area 4 lanes or more Z.=020X, Z,=0079%,
Non-urbanarea 4 anes or mare Z,=014X, Z,=0.078X,
Notations:
Z1: number of accidents ( peryear )
Z2 : number of traffic accidents at a major intersection ( per year )
X1 : vehicle-kilometer (1,000 vehicles-km/day) = daily traffic volume (1,000 vehicles/day) x link length (km)
X2 : traffic volume multiplied by number of major intersections :




vehicle-intersection (1,000 vehicles - intersection/day) = daily traffic volume (1,000 vehicles/day) x number of major
intersections

Average (unit) damage cost of human accident

Table 6-5 shows average damage cost of human accident according to key factors of the road. The same
values are used in the case of an ordinary road of 4 lanes or more because there is little difference

between road sections and intersections and between with and without median strips.

Table 6-5 Average damage cost of human accident (thousand-Us $)

. Average damage cost
Type of road and roadside - -
Road section Intersection
2-lane
bID 59.16 61.70
4 lanes or more 61.50 61.50
Ordinary |Other urban 2-lane 79.55 68.87
road area 4 lanes or more 66.14 66.14
Non-urban i2-lane 106.83 78.09
area 4 lanes or more 76.77 76.77
National freeway 119.46

Note: Prices in 2008

e Formula to calculate average damage cost of human accident

Average damage cost of human accident = human loss due to human accident + material loss
due to material accident + loss due to traffic congestion caused
by accident

=Z(athh)+be+C

where,
A » : number of injuries of level h per human accident ... ( cf.Table 6-6)
a » . average damage cost per injury of degree h ... (cf.Table6-7)
B : material losses per human accident
b : material loss per material damage accident ... ( cf.Table 6-8)
C . social loss due to traffic congestion per injury ... ( cf.Table 6-9)
h : damage level of accident (1: death, 2: fatal injury, 3: minor injury)

As mentioned already, the level of human damage including injuries is dependent on key factors in table
6-5. The social loss due to a traffic accident is supposed to be proportional to the damage level of the



accident, that is, the higher level of damage (casualty and fatal injury accidents) the greater the social
loss. The average damage cost of human accident is defined as the sum of damage cost over all damage
levels (casualty, fatal and minor) weighted with number of injured persons for each level.

The loss of a material damage accident, assumed to occur in proportion to human accidents, and the
social loss, and accident-caused congestion, have been included in table 6-5. The details of the above-
mentioned parameters are in what follows.

o Number of injured persons per accident, A,

Table 6-6 indicates the number of injured persons per accident. The same figures are used both for
incidents in a road section and in an intersection. This is because, based on previous data, there is
minimal difference in the incidence happening along road sections and intersections, both with and
without median strips.

Table 6-6 Number of injured persons per accident (for each level of damage)

) Number of injured persons per accident

Type of road and roadside — - —
Casualty Fatal injury [Minor injury

5-lane road Road section 0.005 0.061 1.17

DID Intersection 0.006 0.065 1.14

4 lanes or more 0.006 0.054 1.20

) Road section 0.012 0.075 1.24

zri;”ary Srtgaer: e 2laneroad | ction | 0.008 0.074 122

4 lanes or more 0.007 0.062 1.29

Non-urban |2-lane road Road section 0.021 0.116 1.25

area Intersection 0.011 0.085 1.25

4 lanes or more 0.011 0.064 1.30

National freeway 0.025 0.100 1.52

Note) Based on traffic accident integrated data, 2004 -2006 and Road Traffic Census, 2005
o Average damage cost per injured person, a,

Average damage cost per injured person is defined as shown in Table 6-7.

Table 6-7 Average damage cost per injured person, breakdown (Unit: thousand-US $)

Fatal iniur Minor injury
Casualty . Jury (without
(with sequela)
sequela)
Loss due to human injury 311.73 84.54 >5.81
Material loss 3.85 3.85 3.85
Loss of company which he/she belongs to 11.26 2.52 0.64




Ambulance 0.32 0.32 0.32
Police management 0.67 0.67 0.67
g
& | Court 4.01 0.25 0.25
<
S | Lawsuit 1.90 0.12 0.12
8
% Prosecution 0.30 0.35 0.35
2
qi Correction 3.89 0.00 0.00
k
Insurance operation 2.27 2.27 2.27
Aid to injured person 2.93 1.05 0.03
Social welfare ( disabled person ) 0.00 0.91 0.00
Emergency medical system maintenance 0.12 0.12 0.12
Sub-total 16.41 6.05 4.13
Loss due to mental damage 2229.79
Sub-total 2223.79
2573.04 96.97 14.43
Total

Source) The report by Cabinet Office, Government of Japan (2007)
Note) The loss of emergency medical system maintenance is calculated based on national budget

Note) The loss due to mental damage subtracts consolation cost from the value written on above report.

o Average loss in material damage accident, B, b

In general, material loss accidents are not recorded in ‘accident statistics’. The occurrence rate of
material damage accident has been identified on the basis of vehicle accident insurance data. The ratio
of occurrence of material damage accident to that of human accident has been estimated with the

crucial assumption that each is proportional to other.

(a) Number of material damage per human accident, B

The ratio of the aggregated number of material loss accidents (5,458,000) to that of human accidents
(1,903,000) is about 2.87. This means that material loss accidents are assumed to occur 2.87 times that
of human accidents. The ratio of the aggregated number of material loss accidents is calculated by the

report by Cabinet Office, Government of Japan (2007)

(b) Average loss per material damage accident, b




The loss of material damage accident is calculated by the report by Cabinet Office, Government of Japan
(2007)

Table 6-8 Average loss per material damage accident

Number of material damage Total damage cost of Average damage cost per

accidents material loss material damage accident

(in units of 1,000) (in units of billion US S) (in units of thousand US $)
2,792 137.24 49.15

Source: The report by Cabinet Office, Government of Japan (2007)

o Social loss due to congestion caused by an accident, C

Loss of travel time and vehicle operating cost by accident-caused congestion is assumed to be significant
only in the case of human accident. These two elements are estimated from the value of time and the
unit vehicle operating cost and the volume of traffic encountering accident-caused congestion. The
average traffic volume and the average congestion time have been employed, although traffic volume
and roadside type for each case may affect the loss of accident-caused congestion. This is partly because
of practical difficulties in statistical estimation and partly because of the limitation of available data.

Table 6-9 Average social loss due to congestion per human accident (Unit: thousand-US $)

Average social loss due congestion
Loss in travel time  |Loss in vehicle Total
operating cost
9.12 0.28 9.41

It should be noted as a reference that many countries have calculated or defined damage cost of
casualty and injury, as listed in table 6-10. The calculation is data intensive that only a few countries
have updated estimates.



Table 6-10 Damage cost of casualty and injury in selected countries (in US $/person)

Fatal injury Minor injury
C It
asualty (with sequelae) (without sequelae)
Japan 1)
357,154 107,657 6,399
( 2006 )
UK.
2,457,378 277,825 21,417
( 2009 )
USA?)
3,022.496 209,250 22,087
(2003)
Australia®)
1,548189 335,769 12,178
(2003)
India®)
11,581 5,249 407
(1999)
. 6)
Thailand 13,029 360 85
(2004)

1 ) Data from “Japan Association of Non Life Insurance (2006)”

2) Data from “The Accidents Sub-Objective Transport Analysis Guidance Unit 3.4.1(2009)”

3 ) US-DOT Federal Highway Administration (2003). Enhanced Night Visibility Vol. XI. Accessed from
http://www.tfhrc.gov/safety/hsis/pubs/04142/benefit.htm (in 2003 US dollars)

4 ) Bureau of Transport and Regional Economics Data (2003). Making travel safer: Victoria’s speed enforcement

program. Accessed from http://download.audit.vic.gov.au/reports_par/agp11602.html (in 2003 US dollars)
5) Dinesh Mohan (2002). Social cost of road traffic crashes in India. Proceedings of First Safe Community
Conference on Cost of Injury, Viborg, Denmark, pp. 33-38.

6) Data from “Department of Highway, Ministry of Transport, Thailand (2004)”

How to estimate when data is not enough

Given the complexity and lack of recorded information, total loss due to traffic accident is difficult to
estimate in some countries. Other alternative approximation can utilize Japanese data adjusted based
on GDP ratio and Purchasing Power Parity given as:

CV =BA-PPP; / PPP,

CV : corresponding value

BA : total traffic safety benefit (Japanese data, in US $/year)
PPP; : Japanese purchasing power parity

PPP, : Target country purchasing power parity


http://www.tfhrc.gov/safety/hsis/pubs/04142/benefit.htm
http://download.audit.vic.gov.au/reports_par/agp11602.html

Table 7 shows the Purchasing Power Parity Value in Asia-Pacific OECD-Eurostat by the World Bank.

2005 ICP Global Results: Summary table of results

Price Level | Exchange .
Gor GDIF per capita PP ndex raie Population
Shares Indices
PPPS  USY (Word-100) Ws=100)
Ghr e GhbF e

Economy bilions _ bilions PPP___US$ |PPP$  US$  PPP_ US$ | uss-i us-100 us$-1 millions
Asia/Pacific
Bangladesh 1137 612 032 014 1,268 446 30 11 226 35 643 1370
Bhutan 23 08 0.00 000 3694 1,318 89 32 157 36 41 06
Brunci Darussalam 176 a5 003 002 47465 25754 1139 618 09 b4 1.7 04
Cambodia 201 6.3 004 001 1,453 454 35 11 127185 3 40925 138
China 53332 22438 970 506 4,091 1,121 98 41 34 42 82 1,303.7
Fu kL 30 001 001 4208 3558 101 85 14 85 1.7 08
Hong Kong China 2431 1778 044 040 35,680 26,094 856 626 57 13 18 68
India 23410 1187 4.26 1.76 2126 107 51 1.7 147 33 41 1,101.3
Indonesia 10719 2870 129 065 3234 1311 78 a1 39342 H 9,704.7 2189
Iran, Islamic Rep. 1345 2192 134 049 10692 3,190 257 17 26748 30 8.9640 687
Lao PDR 102 29 002 001 1,811 508 43 12 29884 23 10,6552 57
Macao, China 176 116 003 003 37259 24507 894 h88 b3 66 80 05
Malaysia 2996 1372 0.54 031 11,466 5250 215 126 1.7 46 a8 261
Maldives 12 07 0.00 000 4017 2552 96 61 81 64 128 03
Mongolia 6.7 23 001 001 2644 915 6.3 22 41172 35 1.2052 25
Nepal 2714 87 005 002 1,081 343 26 08 227 32 Hn4 253
Pakistan 3689 1184 067 027 2396 169 58 18 191 32 595 1540
Philippines 2500 987 045 022 2932 1,158 i0 28 218 39 551 853
Singapore 1801 1167 0.33 026 41478 26879 995 645 11 65 1.7 43
Sri Lanka 685 240 012 005 3481 1,218 84 29 352 35 1005 197
Taiwan, China 5905 3551 107 080 26,068 15674 62.6 3i6 193 60 322 227
Thadand 4449 1762 081 040 6869 271 165 65 159 40 402 648
Victnam 1781 529 0.32 012 2142 637 5.1 1.5 47127 30 15,8589 831
Total 120207 48926 2186 1104 3592 1462 86 kL H 33463
OQECD-Eurostat
Albania 168 &1 003 002 5369 2587 129 62 486 48 100.8 a1
Australa 6715 20 122 161 32,798 34774 18.7 834 14 106 13 205
Austria 2808 3051 051 069 34,108 37,056 818 839 09 109 08 82
Belgum 3360 3755 061 085 32077 35852 170 860 09 112 08 105
Bosnia and Herzego 250 116 005 003 6506 3007 156 12 07 46 16 a8
Bulgaria 122 272 013 006 9353 3525 224 85 06 33 16 7
Canada 11330 11348 206 256 35078 35133 842 843 12 100 12 323
Croatia h88 389 011 009 13232 8749 38 210 a9 66 60 44
Cyprus 186 169 003 004 24473 22359 58.7 537 04 91 05 08
Czech Republic 2016 1248 0.38 028 20281 12190 487 293 144 60 239 102
Denmark 1822 2590 0.33 058 33626 47793 807 1147 85 142 60 b4
Estonia 224 139 004 003 16654 10311 400 248 18 62 126 13
Finland 1598 1954 029 044 30469 37262 131 894 10 122 08 52
France 18622 21363 33 482 29644 34008 Hi 816 09 115 08 628
Germany 25148 27913 457 630 30496 33849 132 812 09 111 08 825
Greece 2828 2470 051 056 25520 22285 612 535 0.7 87 08 111
Hungary 1716 1106 0 025 17014 10962 408 263 1285 64 1995 101
Iceland 105 163 002 004 35630 54975 865 1319 91 154 629 03
Ireland 1579 2008 029 045 38,068 48405 913 1162 10 127 08 41
Israel 156.7 1298 028 029 23845 19,749 h72 474 a7 83 45 66
ealy 1.626.3 1,7696 296 399 21750 30195 666 125 09 109 08 b86
Japan 348703 45492 704 1027 30290 35604 127 854 1296 118 1102 12718
Korea, Rep. 10274 M4 187 179 21342 16441 512 395 1889 17 1.024.1 481
Latvia 304 162 0.06 004 13218 7035 3z 1649 03 53 06 23
Lithuania 481 257 009 006 14085 71530 338 181 15 53 28 34
Luxembourg 326 373 0.06 008 70014 80315 1680 1927 09 115 08 05
Macedonia, FYR 150 58 003 001 7393 2858 177 69 191 39 493 20
Malta 82 59 001 001 20410 14,605 490 350 02 12 03 04
Mexico 11750 1684 214 1.73 11,317 1401 272 118 i1 65 109 1038
Montenegro 49 22 001 001 7833 3564 188 86 04 45 08 06
Netherlands 5666 6329 103 143 34,724 38,789 833 931 09 12 08 163
New Zealand 100.7 10838 018 025 24554 26,538 5849 637 15 108 14 41
Norway 2198 3017 040 068 47501 65267 1141 1566 88 137 64 46
Poland 5180 3040 094 069 13573 1965 326 191 19 59 32 3382
Portugal 2110 1857 038 042 20006 17599 48.0 422 0.7 838 08 105
Romania 2027 989 0.37 022 93714 4575 225 110 14 49 29 216
Russian Federation 16975 1625 i) 172 11,861 5328 285 128 127 45 284 1431
Serbia 64.1 265 012 006 8609 3564 2.7 86 2j2 H 657 14
Slovak Republic 856 474 0.16 011 154881 8,798 381 211 172 b5 310 b4
Slovenia 460 351 008 008 23004 17558 bb2 421 1410 16 1926 20
Spain 1,1835 11297 215 25h 27270 26,031 65.4 625 08 95 08 434

Source: The World Bank, Global Purchasing Power Parities and Real Expenditures 2005 International Comparison

Program



Environmental benefits

Transport projects may have the potential to affect environmental elements such as climate change, air
pollution, noise, vibration, land use change, changes of geological features, ecology and landscape. One
of the environmental benefits gained from transport projects is climate change mitigation by reducing
greenhouse gases such as carbon dioxide (CO,). Some transport projects also have the potential to
reduce air pollutants such as nitrogen oxide (NOx) and particulate matter (PM), and to improve local air
quality, therefore alleviating health impact among residents caused by air pollution.

Environmental benefits from transport projects can be estimated by the following steps.
Step 1: Estimation of emissions
Step 2: Calculation of damage cost

The effects of traffic on the environment vary with the composition of vehicle type and travel speed. The
distribution of inhabitants in impact area differs between roadside types. In converting the
environmental impacts to monetary values, the impacts should be calculated for every roadside type.

Input data requirements

1. Vehicle type - classified into small vehicle (i.e. privately owned passenger car and small truck)

and large vehicle (i.e. bus and ordinary truck)

2. Vehicle speed - average travel speed for each link obtained from the results of traffic

assignment.

3. Roadside type - classified into four types which have been already adopted in the Road Traffic
Census: DID, other urban area, non-urban area (plain) and non-urban area (mountainous). Note:
the sum of link length over these four roadside types should equal the total route length of the
network.

Emission factor of each vehicle type

Average daily traffic volume of each vehicle type
Length of link

Fuel economy of each vehicle type at average speed
Net calorific value of fuel

Emission factor of fuel

LW N U R

Estimation of emissions

There are two approaches, depending on project types, to estimate CO, and air pollutant emissions as
shown in table 8-1.

Table 8-1 Approaches on estimation of emissions

Greenhouse gas Local air pollutants




(CO,) (NOx, PM, CO)

Bottom-up | Top-down | Bottom-up | Top-down
Public transportation (e.g., Railway, BRT,
etc) Y ) Y )
Traffic flow improvement (e.g.,
Road/Area pricing, Plate number ban, Y - % -
Overpasses, Bridges, Tunnels, etc)
Technology/vehicle replacements or
upgrades (e.g., Hybrid vehicle, High
(fuel) efficiency vehicle, Retrofitting of Y Y Y )
engine)
Fuel switching (e.g., Biofuel, CNG, etc) v v v -

Note:

Air pollutant emissions such as NOx, PM and CO cannot simply estimate by multiplying fuel consumption and

emission factors; therefore, a top-down approach cannot apply to these air pollutants.

1. Bottom-up approach

This approach estimates emission by summing up link-based emissions. This is applicable to assess, for

example, public transportation projects (railway, BRT, etc) or traffic flow improvement measures. The

formula to estimate emission reductions by bottom-up approach is to estimate emission reductions

through changes of road transportations by the project, therefore, for railway projects using electricity

or other fuels, emissions associated with these energy uses should be added in the project emissions of

the formula.

ER] = Z(BEi,k - PEi,k)

Where,

BEix = 2(Qajx XLk X EF;j veu)

PEix = 2(Qpyjk X L X EF; j o)

CO, emission factor can be calculated by the following formula below, if the emission factor cannot be

obtai

ned directly by experimental tests such as chassis dynamometer test,

EFcoy, j, v = FE;, v XNCV,, X EFp

Table 8-2 tabulates the notification and data resources for parameters needed in the equations above

following the bottom-up approach.

Table 8-2 References or sources of parameters by bottom-up approach

Parameter Reference or source of the data

ERi .

Emission reduction of Calculated




pollutant i through the project

BE; : Baseline emission of Calculated
pollutant i at link k (kg/day)
PE;x : Project emission of Calculated

pollutant i at link k (kg/day)

EF; j, veLk : Baseline emission
factor of pollutant i, vehicle
type j at average speed Vp
(kg/km/unit)

EF;,j, vei,k : Project emission
factor of pollutant i, vehicle
type j at average speed Vp i
(kg/km/unit)

- As for emission factor, the following data sources may be used if
the relevant conditions apply:

a) Values developed in the target country, i.e. by chassis
dynamometer tests (this is the preferred source)

b) Values of other countries with similar traffic and vehicle
conditions (If a) is not available)

c) Values of developed country, i.e. Japan (If a) and b) are not
available)

- Vehicle categories: for example, the specifications of traffic
simulation, i.e. passenger car, bus, light duty truck, heavy duty truck
- Average vehicle speed: for example outputs of traffic simulation or

field survey

Qg : Baseline daily traffic
volume of vehicle type j at link k
(unit/day)

Qg : Project daily traffic
volume of vehicle type j at link k
(unit/day)

- Traffic volume: for example outputs of traffic simulation or field
survey
- Vehicle categories: for example, the specifications of traffic

simulation, i.e. passenger car, bus, light duty truck, heavy duty truck

Ly : Link length of link k (km)

- For example, input value of traffic simulation or measured value

i : Greenhouse gas (CO,), Air
pollutants (NOx, PM, CO, HC)

EFco, j, vk : CO, emission factor
of vehicle type j at average
speed V (kgCO,/km/unit)

Calculated

FEj, vk : Fuel economy of vehicle

type j at average speed V (km/I)

- Designed or calculated or measured value

NCV,, : Net calorific value of fuel
m (MJ/I)

- Regional or national default value

If the data is not available:

- Calculate by IPCC default value (2006 IPCC Guidelines for National
Greenhouse Gas Inventories, Chapter 1: Introduction, Volume 2:

Energy, Table 1.2) and fuel density

EF,, : CO, emission factor of fuel
m (kgCO,/MJ)

- Regional or national default value
If the data is not available:
- IPCC default value (2006 IPCC Guidelines for National Greenhouse




Gas Inventories, Chapter 1: Introduction, Volume 2: Energy, Table
1.4)

2. Top-down approach

Top down approach estimates emission by using the data on amount of fuel used. Top-down approach
can apply only to estimate carbon dioxide (CO,) and projects that can specify and quantify fuel supply
such as technology/vehicle replacements or upgrades and fuel switching, provided on the assumption
that supplied fuel is consumed by the target vehicle. The formula to estimate emission reductions by

top-down approach is as follows:

ER = 5(BE — PE)

Where,

BE = 2(FCaym XNCVi, X EFy)

PE = 5(FCpym X NCV,, XEF,)

Table 8-3 shows that notations and data references for parameters needed to estimate CO2 reduction

by top-down approach.

Table 8-3 References or sources of parameters by top-down approach

(kg/day)

Parameter Reference or source of the data
ER : CO, emission Calculated
reduction through the
project (kg/day)
BE : Baseline emission Calculated
(kg/day)
PE : Project emission Calculated

FCsLm : Supply of fuel min
the baseline (liter/day)
FCpym : Supply of fuel min
the project (liter/day)

- Designed or calculated or measured value

NCV,, : Net calorific value
of fuel m (MJ/I)

- Regional or national default value

If this is not available:

- Calculate by IPCC default value (2006 IPCC Guidelines for National
Greenhouse Gas Inventories, Chapter 1: Introduction, Volume 2: Energy,
Table 1.2) and fuel density

EF, : CO, emission factor

- Regional or national default value




of fuel m (kgCO,/MJ) If this is not available:
- IPCC default value (2006 IPCC Guidelines for National Greenhouse Gas
Inventories, Chapter 1: Introduction, Volume 2: Energy, Table 1.4)

Emission factors in developing countries

Air pollutants or GHG emission factors of motor vehicles are necessary in estimating air pollutants or
GHG emissions from target area or target road. The local emission factors are used preferably because
driving patterns or driving conditions are different from one country or city to another. However, in
most developing countries, local emission factors have not been developed yet. To obtain a high
accuracy of emission inventory, it is then necessary to start developing such emission factors.

Data presented here are from Bangkok developed in the “Study to Promote CDM Projects in Transport
Sector in order to Resolve Global Environmental Problem (Bangkok Metropolitan Area Case), MLIT Japan,
2003”. Data on motorcycle emissions are provided by the Ministry of Environment of Japan.

The following figures and tables show the emission factors for each type of vehicle.

Table 8-4-1 Emission factors of passenger car

Speed NOx CcO CO,

(km/h) | (g/km) (g/km) (g/km)
7.5 1.161 10.759 319.5
14.7 1.042 9.139 211.7
234 1.011 9.351 166.2
333 0.908 7.766 150.2
429 0.884 8.893 141.2
70.0 0.698 4.727 117.3
90.0 1.058 3.890 128.7

Table 8-4-2 Emission factors of motorcycle

Speed NOx CO CO,

(km/h) (g/km) (g/km) (g/km)
10.0 0.229 40.755 142.348
20.0 0.199 24.007 94.878
30.0 0.198 18.113 78.090
40.0 0.202 15.281 69.809
50.0 0.206 13.954 65.602
60.0 0.210 13.612 63.989
70.0 0.213 14.032 64.338
80.0 0.214 15.103 66.331




Table 8-4-3 Emission factors of buses

Speed NOx CO CO, PM
(km/h) | (g/km/ton) (g/km/ton) (g/km/ton) (g/km/ton)
4.966 2.994 2.213 178.160
9.231 2.162 1.341 128.640
15.045 1.770 1.039 108.450
22.831 1.500 1.046 101.180
0.135
35.465 1.236 0.848 84.380
63.081 - - -
60.104 1.041 0.185 58.823
78.513 1.195 0.332 74.525
Table 8-4-4 Emission factors of light duty trucks
Speed NOx CcO CO, PM
(km/h) (g/km) (g/km) (g/km) (g/km)
7.830 2.691 1.345 415.713
14.707 1.869 0.945 308.830
23.213 1.410 0.739 249.250
34.033 1.174 0.582 217.810
0.126
46.887 1.054 0.506 204.093
72.800 - - -
70.110 0.976 0.433 162.337
90.173 1.053 0.374 185.133

Calculation of damage cost

The damage cost unit of air pollutant is different with each country and there are only few studies to
estimate health damage by air pollutant. In this guide, the damage costs for target pollutants in EU, US
and Japan are shown in table 8-5. The Aid rain program was established under the Clean Air Act in U.S.A.
In the EU 25 countries, damage cost unit by air pollutant is estimated under the Clean Air for Europe
(CAFE) Cost-Benefit Analysis (CBA). In Japan, Oka et al estimated the marginal cost to reduce emission by
conducting air pollutant countermeasure.



Marginal Cost”in | Clean Air Market’s Price in | EU25 averages
Japan USA on CAFE CBA

SOx(thousand US $/t) 0.46

NOx(thousand US S/t) 22.90-28.82 0.83™ 12.26
SPM(thousand US $/PM-t) 72.04

NHs(thousand US $/t) 42.00
PM, s(thousand US S/t) 101.61
SO,(thousand US $/t) 0.07° 21.68

Table 8-5 Damage cost by air pollutant (reference)

Notes:

*1 Price in May 2009

*2 Price in Nov. 2007

1)Toshiyumi Oka et al: Measurement of the Edects of Environmentally Friendly Commodities Using Social
Environmental Economics and Policy Studies,2002

2) http://www.epa.gov/airmarkt/progsregs/nox/otc-summary.html

3) CAFE CBA : Marginal Damage Cost report - Damages per tonne emission of PM2.5, NH3, SO2, NOx and VOCs
from each EU25 Member State (excluding Cyprus) and surrounding seas (March 2005) Methodology for the Cost
Benefit Analysis for CAFE, http://www.cafe-cba.org/
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