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Abstract

The decision process related to the budgeting and selecti@msportation infrastructure
projects is considered one of the most complex tasks due to its dynamic interrelation with other

Social, Economic, Environmental, Political, and Technological life aspects (Veryard, D., 2016).

In this paper, we will explore ¢éhkey literature and best practices worldwide related to the
appraisal of transportation infrastructure projects, and develop a framework that includes all the

related cost and benefit components along with the required parameters.

The framework will therbe used to build a Microsoft Excel© model and examples will be
examined within this model to illustrate its capability and flexibility in producing the required
reports and charts to support decision makers in prioritizing and selecting the projeds and it

alternative which have the best value.
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1.Chapter 1 - Introduction

In this chapter, a brief explanation will be given on the topic and its importance, in addition to a
theoretical background that will introduce the later chapters.
Chapter 1 will also include the paper problem statement, research questions, aim and purpose,

and the study objectives, concluding with a paper methodology

1.1. Background

The paper in general discusses the appraisal of transportation projects, which iomwipasng

project alternatives, or prioritizing projects based on their costs, benefits and value.

The paper topic covers one of the most important areas that governments of all countries need to
consider to ensure economic growth, maintain the wellbdiitg society and strengthen its
infrastructures.

The importance of the paper comes from the knowledge it may bring, which could provide
economists and transportation planners with tools which will enable them to justify investments
in transportation infretructure and in selecting the projects and their alternative that will deliver
the best economic, social, and environmental return. It will also help governments to make better
decisions on financing and funding those projects.

At the time of writing thigpaper, the UAE government have put a VAT tax law (Value Added

Tax) in action. The tax came after lifting the subsidization and deregulation of petrol prices in
August 2015, and several years after implementing the Salik tollgate system in Dubai in July

2007. The VAT tax law was implemented a year after the introduction of law 6 for year 2006
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(cost sharing law): the law that regulates and enforces a property tax to support the funding of
transportation infrastructure requirements around the new developments

In parallel, Dubai roads have improved significantly and have won the global best roads award
for years 2015, 2016 and 2017, which is increasing the need fegaaned improvement to

its transportations systems to maintain its reputation and tarsisstaowth.

Most OECD countries and other developed countries have developed their own CBA
frameworks, which was built based on their <c
Transport Forum (ITF), and a leader in Transportation quality inienadly and regionally, the

UAE needs to develop its own CBA framework and standardize the transportation projects
appraisal process in order to keep its leading position ("Member Countries" 2018).

The better the standard of living, the more access taiptea@nd services is required. In turn,
governments need a transportation network with greater capacity, faster routes and better urban
design in order to cope with the growing demands.

However, resources are not available indefinitely to cover the ggogdemands; therefore,
governments should develop strategies on where to invest, and how these strategies will improve
their citizenbds standards of I|iving.

Increasing transportation cost and fees is not an easy solution, as it could affectitreoioe

user0s access to essential goods and services
and | ife standards. This may increase inequa
economy.

It is important to develop this framework on nationaledn order to provide the necessary
knowledge that could enable the private sector to contribute more into the development of the

country infrastructure.

2| Page



A transportation project is usually considered feasible if its expected benefits (social,
environmeital and economic for example) exceed its costs over its life span, including the cost of
borrowing money needed to implement it. The decision to build it or not, and when to do so is
what to be discussed in this paper.

A simple (commercial) cost benefitagsis could conclude recommending the development of
roads network for rich areas rather than for areas of low income. This paper will consider all the
factors and procedures that could eliminate such bias, as it could be more beneficial for
governmentsa invest in transportation infrastructure for those areas to encourage the growth and
improve the life quality of those areas by providing cheap and reliable transportation options.

In the following paragraphs, we will explain the purpose and objectivibssgbaper in further

detail and outline the contents of the next chapters

1.2. Problem Statement

Transportation projects comparison and prioritization is a complex, and time/ effort consuming
process as it involves multiple qualitative and quantitative biesathat needs to be calculated/

estimated for 20 to 50 years ahead.

Calculating and estimating quantitative variable maybe easy, as they can be derived from previous
projects or from the market, while qualitative variables require {acgée studies rated to the

countrydés economy, environmental and soci al

Most of OECD countries and other developed countries have developed their own CBA
framewor ks, which was built baderdftheinterrnatoeal r c

Transport Forum (ITF), and a leader in Transportation quality internationally and regionally needs
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to develop its own CBA framework and standardize transportation projects appraisal process in

order to keep its leading position (&vhber Countries" 2018).

1.3. Research Questions

This paper is an attempt to answer questions related to derisking processes related to
transportation infrastructure projects, and it concentrates on the Cost Benefits Analysis (CBA).
Below are some of thogpiestions that the paper will attempt to answer:

Is CBA the best method to evaluate and compare transportation projects?

What is Cost Benefits Analysis and how/ why is it used with transportation projects?

How governments can use CBA to set prioritiest®transportation portfolio of projects?

What are the main costs and benefits components that may affect transportation projects
throughout its life cycle?

What are market and nanarket components? In addition, what are the available methods to
measurghe impacts of nomnarket components for transportation projects?

What are the key issues that needs to be considered in order to make the CBA more reliable?
How to interpret Cost Benefit Analysis results?

Why Cost Benefits Analysis for transportation g is important? Moreover, why it should be
automated?

How can Cost Benefit Analysis procdsssimplified and optimized?
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1.4. Purpose and Aim

The key purpose of this paper is to provide a broad knowledge related to the transportation
projects appraisal process namely the fAiCost/

decisionmakingtool internationally in the transportation field.

This paper also identifies key decisions, which the CBA can support, and how to calculate the
costs and benefits components for each stage of a transportation project, and for its whole

expected life cycle.

In addition to the issues and pitfalls that may infleceethe accuracy of the analysis outcomes, the
paper will also provide a brief explanation on quantifying (monetizingymarket cost and

benefit components.

Furthermore, the paper will develop a standard CBA framework for transportation project, based
on all possible cost and benefits components that may be involved in transportation projects
during the whole life cycle. Then we will develop a simplified practical CBA framework that
could make CBA an acceptably simple task by reducing the componentsopatbeir impact
magnitude and availability of data at the level of local transportation agency rather than the

government.

Those frameworks, if developed and applied correctly, would promote rational government and

private sector investments decisiongransportation infrastructure projects

This paper isi0t intended to show how to estimate each cost of benefit compowoend, discuss
travel modeling. ratheto listing them and indicate how to combine them into components and

indicators like (NPV, IR, B/ C et cé) tddtiaidn supmoming gnovdedded e a
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This paper is promoting the application of a standardized CBA frameworks andattempt to
pave the path for developing related studies that could lead to adopting an assessment policy or

manual to be use in Dubai and the UAE

Finally, an excel model(s) would be initiated as an outcome of this paper for other scholars or

agencies to use or develop further.

1.5. Study Objectives

The paper is structured to achieve its aim and purpose throufgiltivéng objectives:

- ldentifying the possible costs and benefits in transportation projects (components), and its
key stakeholders throughout the whole project lifecycle through an extensive literature
review of the recent and key research papers irrdéingortation field.

- Explaining the process of establishing CBA framework and its prerequisites

- Listing possible methods for estimating related variables and Calculating CBA measure.

- ldentifying issues and pitfall.s that may

- Provide examples of CBA calculation, and advice on ways to simplify the process and
optimize the benefits.

- Building a Microsoft Excel model, that can be used in the simplified CBA process.

- Simulating some projects with the Excel model, and performingjtsaty analysis

- Reviewing the importance of applying the CBA for transportation projects, and where to

concentrate in the future studies
1.6. Methodology

The research method employed in this paper is a mixed quantitative and qualitative method. The

qualitative part consists of an extensive literature review of the key literature resources related
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to: Transportation Economics, Projectds Appr
Costing, and Economic Sustainability for Transportation Infuatire Projects.

The paper builds on the key literature to produce a framework which combines Cost Benefit
Analysis (CBA) along with Whole Life Cycle Costing (WLCC) for transportation projects.

Through the literature review, the paper will list all thieated components that may have an

impact on the Cost Benefit Analysis for transportation projects including Transportation Projects
Types, Transportation Projects stages, Transportation Projects Key Stakeholders, Cost
Components, Benefit Components, Cosh8fits Analysis Measure, and other elements like

interest rates, Market and Ndmarket resources, Joint & sunk costs, and Uncertainty.
Thequantitative part of this paper will be demonstrated by using the proposed theoretical
framework to model the CosteBefit Analysis process in Microsoft Excel, then the model will be
tested with multiple scenarios based on the purpose and the data availability of the tested projects

to demonstrate the application of the developed excel tool

Methodology structure

Thepaper methodology is structured to combine the results of the literature review with
modeling to promote the use of CBA framework as a relidétesionmakingtool.

The literature review will provide information of the evaluation methods, then collguisaible
factors that may impact the process, then build the framework and compare it with exposing
frameworks.

The proposed framework will be utilized to m

models will be tested against examples.
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Those exarmles were collected from confidential resources for the exploring the framework and
the model capability, and to show how easy it can be to develop the model and customize it based
on the agency requirement and the available data.

Similar methochasbeen used before like the work of (Li, Z., & Madanu, S., 2009) and (Jiang,

Y., Zhao, G., & Li, S., 2013)

The results of testing the model will not be used to generalize any project specify findings,
however they will be used to show how those resultsapport more informed decisions.
Furthermore, the modeling and simulation will explain more some of the used and available tools
and techniques that can be used in modeling the CBA framework processes.

guestionnaire was omitted from the scope of this pdpeito the time and effort limitation of

this paper, although it would have given more significance to its outcome especially to the

importance of each and every cost or benefit components, especially in the UAE.

In the next chapter, key recent literauelated to transportation infrastructure will be explored,

to identify its characteristics, and the methods are being used to assess them
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1.1 Dissertation Outlines

Dissertation Outlines

Problem statement,

Chapterl - Introduction

Purpose and aim,
& Methodology

Transportation projec Cost& Benefit
types, objectives, Components, CBA
stakeholder, phases and Measures
life cycle.

CBA Framework,
Modeling, & simulation

Figure 1 Dissertation Outlines
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2.Chapter 2: Transportation infrastructure

2.1 Introduction

In this chapter, aspects of transportation infrastructure projects will be explored in the recent
literature to: indicate the importance of developing an evaluation framework; define the elements
and parties which may have anpact/ impacted by the evaluation process; and the currently

used evaluation methods and procedures.

2.2 Importance of Transportation infrastructures:

Transportation infrastructure are economic and social tools that enables society to be more
productive, through supporting its economic activities. They are usually built to enable the
economy to create value by moving resources including people andlgoalig regionally and
internationally, Although transportation facilities do not directly generate revenue (even in the
case of toll systems) but without a reliable and efficient transportation other infrastructure will

not performefficiently (Litman, T., 2009).

It is every governmentos aim to make sure th
their opti mal capacity (reduce mobility and

any value wasted while using them (congestiommte , money, accidents, et
that their disadvantages (noise, accident s,

eliminated.

I n Todd Litman ( 20 0 9lt)is,the dasehohaccéss io btleet peaplgandt at e s
facilities thatdetermines the success of a transportation system, rather than the means or speed

of transport. It is relatively easy to increase the speed at which people move around, much
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harder to introduce changes that enable us to spend less time gaining actestatilities that

we need 0

A transportation project is usually considered feasible if its expected benefits (Social,
Environmental, Economicé.) exceeds its costs
money needed to implement it. The demisio build it or not, and when to do so is what to be
discussed in this paper.

A simple (commercial) cost benefit analysis could conclude recommending the development of
roads network for rich areas rather than for areas of low income. This paper witlercall the

factor and procedures that could eliminate such bias, as it could be more beneficial for
governments to invest in transportation infrastructure for those areas to encourage the growth and
improve the life quality of those areas by providihgap and reliable transportation options.
According to Litman (2010) and (2017), the above objective could also be categorized into three

main categories Economic, Social and environmental as show in the below table:

Sustainable Transport Goals

Goal Definition
Economic
Efficient mobility Fast and affordable transport of people and goods

Local economic development Progress toward local economic goals, such as increased productivity,

employment, business activity, income, property values anckt@aues

Operational efficiency Maximize efficiency of providing transport facilities and services
Social

Human safety and health Increased travel safety, public fitness and health

Affordability Ability of households to afford basic transport

11| Page



Social equity Supports equity objectives including fair distribution of impacts (benefits ar

costs), progressivity with respect to income, and basic mobility

Community cohesion Increased quantity and quality of interactions among community members

Cultural preservation Preservation of artifacts and activities valued by a community

Environmental

Pollution reductions Reduced air, noise and water pollution
Resource conservation Reduced and more efficient use of scarce resources such as petnotelamda
Openspace preservation Preservation of farmlands, parks, and natural habitats

Tablel Sustainable Transport Goals (Litman (2010))

Publicly funded transportation projects usually consider all the possible economicaadcial
environmental costs and benefits for all the previously mentioned stakeholders (with only few
exceptions) that could relate to external parties, unless those costs and benefits are of small

negligible impacts.

2.3 Transportation Projects Objectives

This paper will focus on publicly funded transportation projects, for which the main objectives
would typically be as follows (according to Litman (2009, 2010, and 2017) and Transportation
BenefitCost Analysis. (2018)):

1

Provide accessibility to new areas,

2- Reduce mobility costs (cost saving), by reducing travel distance and time, accidents and
congestion and improve all society safety,

3- promote equality in transportation and mobility rights and improve transportation
affordability to low income household,

4- Improved mobility for nordrivers,

5- Reduce parking costs, in land occupation and operational costs,
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6- Energy conservation,

7

Reductions in air, noise and water pollution,

8

Reduce energy consumption,

9

Wild life habitat protection,

10- Support for local economic development,

11- Improved public fitness and health, by increased walking, cycling, reduction of accidents,
pollution and stress,

12- Improve the wellbeing of all society members,

13- Improve people productivity and reduce the stress and health related issues related to

transporation.

2.4 Types of transportation projects

According to Litman (2009, 2010, and 2017) and Transportation Be&bedit Analysis. (2018)
website, Transportation project usually involves one or more of the following key types of
activities:

- Roads and highwaywojects, including small improvements and temporary works,

- Bridges/ tunnels/ underpass projects,

- Rails/ metro/ tram projects,

- Public transportation projects like HOV (Higbhccupancy Vehicle lanes) lanes, HOT
lanes (HighOccupancy Toll lanes), dedicatedsdanes & routes, new fares zones,
integration with other modes, Bus depots, bus stop shetisgs

- Cycle tracks, jogging tracks and walkways routes,

- Park and ride facilities, Transportation Hubs projects, on street parking, parking lots and
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multistory paking buildings,

- Policies related to Transportation like Tolls, Taxation laws, vehicles ownestt@p

- Related utilities projects (Storm water and street lighting enhancement projects)

- Trucks routes and accessibility management,

- Other major projects relad to sea ports, airports

- ITS (Intelligent Transportation Systems) including integrated control centers and
intelligent information signs and traffic signals,

- Maintenance and rehabilitation projects

- Transportation related studies like monetization studid?s (transportation master
plans), TISs (traffic impact studies), EclIA (Economic Impact Analysis), EnIS

(Environment Impact Assessment), and CIA (Community Impact Assessment).

2.5 Transportation project stakeholders

Based on the extensive literature providedransportation BenefiCost Analysis. (2018)
website, Jonsson, B. (2010), and Khraibani, R., De Palma, A., Picard, N., & Kaysi, I. (2016) to

identify the possible stakeholders for transportation projects are:

Government and local councils, and thak collection agencies,

- Legal authoritarian bodies,

- Federal and local Military, security, police,

- Emergency response authorities, like civil defense, ambulance and hospitals,

- Related state and federal authority bodies like water, electricity, stormadvaieage,
sewerage, communication, environmental, city municipalities, urban planning,

- Project owner/ their representatives and sub entities,
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Project operators, their representatives and sub entities,

Financing bodies, their representatives and sub esntiti

Project manager, Project Engineer (consultant), their representatives and sub entities,
Contractor, Suppliers, and their representatives,

Local and federal Public transport agencies and companies,

Surrounding air and sea ports and their owners andtopgra

Passengers, private car owners, residents, household owners, communities, business
owners, freight companies and their trucks drivers, cyclists, and petrol stations.
Tourism authorities and agencies

Media channels

Essential services providers ligehools, health and recreational facilities,

International, regional and local rating organizations.

Those stakeholders may impact and be impacted by the transportation projects in terms of costs

or benefits, economists and transportation planners invaivibe evaluation process should

identify those costs and benefits, and check if may influence the assessment outcomes.

2.6 Transportation projects phases and Life Cycle

Accordng to PMI PMBOK (Snyder, C. S2014), any project can be broken down into 5 psrase

Initiation, Planning, Execution, Monitoring and controlling, and closing as shown in the below
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Initiating Planning Executing Monitoring Closing
Process Process Process and Controlling Process
Group Group Group Process Group Group

Level of
Process
Interaction

Start Finish
TIME

Figure 2 PMI Project Life Cycle

However, for transportation construction projects and even policies we can adafibttieg

project stages:

Development . . End
p Construction Stage Operation Stage . D
= = (Decommissioning)

Stages

Figure 3 Standard construction project stages

The evaluation process should be done at the development stage, and should be used for
monitoring and controlling the project during later stages. It shalatilhave a feedback sub

process to ensure the continuous development of the evaluation framework processes.

Costs and benefits should be calculated for all project stages, which in general are, Development
stage (concept, feasibility, planning and desigConstruction Stage (construction, testing and
commissioning), Operation, Rehabilitation and Maintenance Stage, and Project end stage
(Decommissioning).

Adaptingstandard stages for the projects to be evaluated will provide guidance for the costs and

benefits identification process.
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Furthermore, a transportation infrastructure asset life cycle was developed and adapted for this
paper based on the standard life cycle to demonstrate the importance of continuously managing
the transportation projects in @mdto make sure that the evaluation process generate benefits and
cash that will cover the operation and maintenance costs along with the cash required to build

new assets to fulfill the growth needs.

Costs:
(Budget Forecast & Financing tools)

Fixed Demand
(Operation.
Replacement and
Maintenance)

New Demand
(New Projects &
Policies due to growth)

€9

Economically sustainable infrastructure

Revenue Extraction Process:
Operation & [mplementation) (From benefits)
- . . Pride & S
FEconomic Environmental . Roads Tax Put Fares Tolls & Car Tax
Repuiational
Technological

Social Palitical c
o = &Experimental

Subsidies Property Tax Other Taxes

Figure 4 Transportation Infrastructure Full Life Cycle Analysis

This figure shows the three interrelated components: Expenditure (Costs), Benefits, and Cash
revenue generation.
The above life cycle was extracted from asset management literature related totaaospor

infrastructure assets life cycle.
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The below figure by Jonsson, B. (2018hows the sources of direct roads infrastructure costs:

|.\Tew consn‘ucﬁonl \
of component
Investment
Road measures that in the
[Improvement] of long term,c.h.ang? A
exisfing component component’s recorded
Road ] value and actual standard
oac measure and/or condition
Value-adding _
of existing component )
Upkeep
- Road measures that do not
b
| ODeration' and routine - c‘hang(:* f:lcPl]rlponent :
maintenance of existing recordedvalue excep
component possibly only the condition
- in the short term

Figure 5 Highways Infrastructure costs elements (Jonsson, B. (2010))

The Costs and Befiess components in the previously suggested life cycle will be covered in this

paper; however, the revenue extraction process will only be covered briefly in the next paragraph.

2.7 Source of transportation projects funds & financing tools

Transportationproet s are usually funded by | ocal and
cases by private investors.

According to Slack, N. E. (20099pvernments and private developassiallyfund their

transportation projects from one of the following sources:

- Taxeson cars imports and usage,

Cars registration, insurances, and driving license fees,

Fright fees,

Traffic fines,
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- Toll gates,

- Public transportation and parking fares,

- Tax on fuel,

- Property prices and taxes,

- Community fees,

- Other taxes (income tax, corporatea x es, i mport and export ta

Moreover, the fund is delivered by using one of the following financial tools:

Federal or local government direct budgeting,

- Governments Bonds,

- Public Private Partnerships and its snbdels,

- Direct Private fund,

- Intermational funds.
The evaluation framework should provide the necessary documentation to support any of the
above financial tools at the project appraisal stage along with any other related asset performance

data.

2.8 Assessment of transportation projects

All developed countries have developed their own transportation projects evaluation and
appraisal policies and frameworks, which consists of qualitative and quantitative tools
(Khraibani, R., De Palma, A., Picard, N., & Kaysi, 1., 2016).

However, the cost benefihalysis is considered the most used methods in transportation projects
appraisal due to its flexibility and ability to include quantitative and qualitative variables, if it is

combined with total life costing and monetization procedures.
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The wide use o€BA, did not eliminate the need for other related studies related to the

interrelation between transportation projects and the other economic, social, environmental,
political, legal, and security aspects.

Accordingly, high level studies like Economic ImgaAnalysis, Environment Impact

Assessment, and Community Impact Assessment are still required to support governments in
their key decisions.

Considering the above, developing a comprehensive CBA framework that consider and overcome
the previoudimitation, will serve as a tool to optimize the selection of the right projects and their
alternatives to achieve the required economic, social, environmental, political, legal, and security
goals.

In the below figuré/eryard, D. (2016) shows how CBA aB&tlA are interconnected.

Cost-Benefit Analysis (CBA) Economic Impact Analysis (EIA)

Economic Geography
{Competitiveness)

+ Labor & Capital

Flows

* Expaort Growth

* Import Substitution
* Workforce & Pop.
Migration

Productivity Factors
* Business-Related Time Cost
* Operating Cost

* Access/Agglomeration

* Reliability/Technology Adoption
& Labor/Resource Utilization

* Personal Time
* Safety

* Environmental
* Social/Livability

Figure6 Scope of CBA versus EclA
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2.9 Assessment Framework for Transportation Projects

A framework will be developed and presented in later chapters, based on the findings in the
literature related to CBA in transportation projects, which is similar to the frameworks presented

in the work of Veryard, D. (2016) and dmng, Y., Zhao, G., &I1.S. (2013). Works.

Transport intervention
__________________________________________________ . standard cBA scope
Average Market imperfections
Transport travel S cost Raliability Comfart Rasilience Dlnalnlcﬁ e e o ———— f - --I
improvements i travelle i i
I ]
1 i
h 4 1
. ]
) Location changes: i
Transport users 3“5;'?“ Travel to Lo + Housing :
affected flocations fremmh work | tekuE + Business activities i
Siwed in standard CBA) TR /--"" * Jobs and commutes 1
— - 1
- &= T 1
¥ Lv | — v
Direct resource benefits Welfare benefits Other resource benefits from:
* Business/freight travel time/wage * Leisure/commute time savings * Maore productive jobs
Effects on welfare savings (ingl, unreliability buffers) + Reliability benefits + Increased labour supply
and economy * Fuel and operating cost savings * Comfort benefits * Induced property developmeant
= Safety benefits (vehicles) * Safety benefits {life and injury) * “Dynamic clustering”
* "Static clustenng” agglomeration * Environmental benefits * Increased competition
T T * Business/supply chain redesign
1 1
1 1 I
v v ;
Transmitted economic effects :
.F_fo-.v-o.'randf.‘.'m.' * Employment + Profits N JI
effects on econamy = Output / GDP « Land and property valuefrents
* Productivity and wages * Other changes in prices
Key: —  Major effects in CBA —=  Minar effects in CBA == Fffects (uswally) not captured in CBA

Figure 7 Veryard, D. (2016) CBA Framework
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I Agency Cost ‘ Q:LI
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Initial Setup: Identify Deficiencies -ﬁ ﬁ Vehicle U]:H_:rar.ing
. & Define Candidate I.s '1'13 of Cost (VOC)
Section data; Improvement == mpacts _U i
Alternativ dit Alternatives.
Forecast demand ernatives and the N ‘ Speed
Base Case %
ﬂ | Emissions
Crashes |
| ]
T
Repeat for each highway section and founding period
Summarize and Report Selected Preferred
Alternatives for Overall Analysis Period
Figure8J i ang, Zhao, G. & Li, S.

We can see from the previous frameworks that all literature are recommandding the social

costs and benefits and to consider any possible cost or benefits that may be borne by the possible

stakeholders, however they also recommend not to consider them in the modeling and calculation

if they are of not big importance and wilbt affect the final assessment outcomes.

The next chapter will provide detailed information on Cost Benefit analysis method and its

components.
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3.Chapter 3: Cost and Benefit Analysis and whole life cycle

costing for Transportation Project
3.1 Introduction

In this chapter, we will review the most recent notable literature related to cost benefit analysis
and whole life cycle costs evaluation methods, and will extract all the possible cost and benefits
components and any other parameter, which may affeevtiaation results throughout any
transportation project life cycle.

Furthermore, the review will identify the most used CBA measures, and the methods used for
valuating (monetizing) qualitative cost and benefits components.

This chapter will also provida brief description on the new PMI publication related to benefit
realization management (BRM) which is being introduced recently.

At the end of this chapter, we will provide a theoretical about the probabilistic approach which

will also be used in the Egtmodel for the sensitivity analysis exercise.

Cost Benefit Analysis (CBA):

According to Transportation Benefiost Analysis. (2018), Cost Benefit Analysis (CBA) is a
systematic process to calculate and compare a project cost and benefits, eithemtoadete

justify the investment, or to enable decision makers to prioritize or check the best alternative for
projects.

CBA is considered one of the most widely used methods used for comparing, selecting and

prioritizing transportation projects (Nogués, & GGonzalezGonzalez, E. (2014)).
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CBA is simply calculating all the discounted cost components and all the discounted benefits
over the whole life cycle of the project or for each of its alternatives and compare them in one of

those measuring methods:

Is the project benefits value exceeding costs value?

Is the Net present value (NPV) greater than zero?

Is Benefits / costs rate more or less than one?

Internal Return Rate (IRR) > or < (other investment return rate)

What is the Payback period? In additiontisatter than other alternatives?

The key difference between CBA and other comparison methods (like value engineering) is the
extensive use of monetization for the quantitative costs and benefits components over the whole
life cycle of the projecalternatives, which could yield better decision supporting results if was
based on a reliable monetization studies and statistics. In the same context, CBA requires much
more effort to conduct monetization studies especially if there is no statistioat@moimic data

available.

Whol e Life Cycl eisa@imwdtment§ procivdmert appraisal tool, which is

used in business to model investments, business cases, and procurement options, to help decision
makers to assess and select the best opteedlan its profitability and value for money.

It involves applying discount rate to the pr
revenues over the whole life cycle of the project/ investment, to make sure that the project in
profitable and thait revenue surplus its costs within an acceptable investpegitack period
(Boussabaine & Kirkham 2008).

The below figure shows how CBA can be combined with WLCC to produce a cash flow that can

be used for modeling.
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Operation & Maintenance Costs

Rehabilitation Costs
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Initial Costs

Figure 9 Simple Caslilow Diagram (Jiang, Y., Zhao, G., & Li, S. (2013))

The above figure showseady costduring the operation stage without considering the effect of

discount rate, as the value of money should decrease by time.

3.2 Advantages and Disadvantages @@BA in Transportation Projects

The key advantage of applying CBA for transportation projects is providing a reliable and

flexible decisiorsupporting tool for decision makers to be used for assessing projects and their
alternatives in a way that will makieeasy to compare them and priorities them based on their
value, and provide a documented justification for selecting specific projects and their alternatives.
CBA is considered as the best methods of assessing transportation projects due to ity tiexibil
include multiple qualitative or quantitative components for the whole life cycle of the project.
However, according to Beukers, E., Bertolini, L., & Te Brommelstroet, M. (2014), advantages of
applying CBA can be summarized in the following four gatees:

- Prioritizing projects in an unified framework based on their economic, social, environmental,

political, pride & reputational, and technological & experimental overall value, in order to
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define budget forecasts, and filtering out low or negativeevarojects to optimize the use of
available funds,

- Identifying best alternative for a project based on its overall value and cost effectiveness, in a
unified and agreeable framework,

- Evaluating policies and their impact and optimizing their value, atoh¢ethose policies prior
to their implementation to reduce and unexpected risks,

- Benchmarking and creating knowledge based on previous CBA studies and their outcomes
during the projectds stages, and budfordi ng t
assessment that is more reliable.

Applying a welldocumented and a transparent CBA framework based on international standards

could also support government 6s policies to

internationally, and provide | ear i nf ormation for the public

lead to more public support.

Outcomes of CBA could be also used for quality assurance and project management activities
during project development, construction/ implementation, operamh closure stages by
monitoring costs and benefits realization and driving the project to achieve its planned objectives

in terms of ultimate costs and benefits.

Benchmarking and knowledge creation are amongst the most important indirect advantages of
applying CBA analysis for transportation projects. Because it may answer important questions
related to governmentodés investments in diffe
and health, this knowledge could also be used for setting seatyil to do a higlevel estimation

and forecasts, below are some questions that CBA benchmarking could answer:
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How much is the cost of moving goods for 1 km around the country and in the cities, and how does
it compare with other countries regionally amdernationally?; What is the percentage of
transportation costs for goods?; What is the current transportation cost percentage compared to
average wage, and how does it compare with other cities and countries?; How can a government
improve its economicampetitiveness?; What is the value of roads as an asset vs its cost, are they
value generating asset or a liabilityghould a government keep on building new roads to resolve
congestion? Or should the government invest in mass public transportatiors§yg#émhat point
investment in new roads will not be cost effective?; Is a single road an asset or the aggregated
network is more profitable?; When is to invest in transportation infrastructure rather than other
infrastructure like education, health, hous g , power , manufacturing,
privatize its transportation infrastructure?; Should a country/ state/ city subsidize its public
transportation infrastructure? And how to calculate transportation taxes?; How much budget should
we reservegyearly for transportation infrastructure maintenance, replacement and rehabilitation?;
Should the government invest in long lasting transportation infrastructure with high forehead costs
or with cheap short term solution$®yw much extra budget is regeid to keep up with the current
population growth ratio? Should the government invest in transportation projects with B/C less
than 300% for the next $ears?At which NPV& B/C should the government consider investing

in public transportation projects andligies rather than building new roads?.

In addition, many more questions that are needed to develop clear and reliable strategies

countrywide.

Applying CBA and monitoring its application its benefits realization and providing the required
feedback to itspolicy makers will guarantee the continuous development of the proposed

framework and its related models.
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3.3 Components of CBA

Generally, costs and benefits are also categorized into market amnaanket components based

on how their values are estimated, Which market components are estimated directly from the
market or through an easy to manage process, while thmarket components valuation

require detailed studies.

It is recommended to have separate estimate model for each of the market-arathedcost/

benefit components that could be developed over time.

Calculation and modeling for each individual market andmanket components will not be

covered in this paper. Due to the time and scope limitation of this paper, whose main purpose is
to build a governing framework to guide the process of CBA and to identify the possible
components from the latest literature, which are required to produce a reliable analysis to support
the appraisal of transportation projects.

Cost and benefits will be tisd below based on the general project stages, which are project
planning and development stage, construction & commissioning stage, Operation/ Maintenance/
Rehabilitation stage, and the end of project stage when the project facilities will be
decommissioed or totally replaced.

Calculation of costs and benefits for a project and its alternatives depends on the purpose and the
perspective of the owner and his partners or sub entities, to whom costs and benefits could be
considered internal or external thghout the project life cycle.

The below cost and benefits components were extracted from all the literature listed in the

references.
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3.3.1 Cost Components

Cost components of transportation projects m
transportation projects can share the same life cycle stages.

For cost benefits analysis, costs components that would not have an impact the analysis needs to
be filtered in order, accordingly current transport planning, economists and investment decisions
tend to focus on direct market costs. Indirect and nonmarket costs tend to be undervalued because
they are more difficult to measure.

Main cost components related to transportation projects (which were extracted from the key
literatures) will be listedih he next paragraphs according to
stagesAlso, those costs components will be given codes to simplify the CBA equations that may

be used in this paper, as well as in the excel sheet.

3.3.1.1 Development Stage Costs (DC)

This component consists of the Planning, preliminary engineering, project design, and agencies

costs:

Consultancy services cost for (planning, project management and final design) (DC1)

Agencies and authoritiesd costs (DC2)

Environmental and transportation ingpaeports and soil investigation reports (DC3)

Project related training (DC4)
Some of those costs could be considered as joint costs, as they are shared with too many other

projects and cannot easily segregated using reasonable ways.

29| Page



Those costs will ndbe used in the modeling exercise, which will be developed alongside this
paper as all of them are constant for all options and it is in the range between 0.1 to 2% of the

direct construction cost.

3.3.1.2 Construction Stage Costs

Construction stage cost arategorized into two subategories, construction direct costs and

construction dishenefits costs.

i) Construction Direct Costs (CDC)

Those costs can be represented by one variable or can be separated based on the level of effort
and accuracy required fdre analysis, and most of the agencies have formulas to estimate those
cost based on project types and attributes.
It will be a challenge to model all the possible items in the CBA model and it is better to build a
separate model for the construction dirgasts that could include all of the possible items from
al | probable disciplines (Roads, Bridges, Tu
In addition, those costs are market costs, which could easily be estimated from the market
through contractors @uppliers,
Usually those costs are:

- Construction and standard operation equipment and vehicles,

- Material, labors, supervision and site offices costs,

- Special material stocks and inventory costs (special street lighting, special bridges

mechanical partstec € )
- Land acquisition and clearance costs,

- Other agencies fees and direct costs like police, services diversion, protection, and new
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networks
- Temporary works costs,
- Demolishing of existing facilities,
- Cost of disposal and recycling of waste materials,
- Impact on public transportation cost,

- Insurances, warranties and accidents,

i) Construction Dis-Benefits Costs (CDBC)

This component can have great i mpact on alte
construction duration.
Those costs can be estimabaed on the same methods used for the benefits components
through monetization process, as they are usually none market items/ resources,
Agencies should develop a database and models for quick simplified estimation of those costs,
more details will bgrovided in the benefits components sectioregard tdNoneMarket
components estimation.
The possible sub components of the Constructioibeligfit costs are:

- Traffic delays (vehicle added hours, vehicles added kilometers, and its resulting stress),

- Construction noise costs,

- Construction pollution costs,

- Impact on businesses costs,

- Impact on community costs,

- Impact on essential community services (schools, hospitals, police, civil defense,

ambulance),

- Emission costs,
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- Aesthetics impact costs,

- Safetycosts,

- Cost of impact on pedestrian, cyclists, parking,
- Reputational costs,

- Remaining value of existing facilities that will be demolished or replaced,

3.3.1.3 Operation, Maintenance, Rehabilitation and Replacement Stage Costs

Those costs are referred to as amuitig costs, and it refers to the costs, which incur after the

transportation facility is completed and is in use. Those costs are categorized into four main

types:

1 Operational Costs (OC)

Street lighting and traffic signal power costs, traffic monitoang management, buses fuel

and tires, metro power, toll collection, buildings/ facilities bills, staff (managers, drivers,
techniciansé), software |icense, police and
estimated based on previous statistics from egstimilar facilities.

This component could include all subsided c

2 Maintenance Cost (MC)

This cost includes routine preventive maintenance and inspection costs including small

repairs like pavement inspection and repdiridges and tunnels periodically inspect and

joint cleaning, vehicles/ equipment maintenance, accidents and adverse weather repairs,
traffic diversions, traffic delays during n
short term maintenance doacts (3 to 5 years). This component also can be estimated based

on previous statistics from existing facilities based on roads/ bridges/ underpass areas or lane
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kilometers, except for the traffic delays that should be calculated based on a monetization
method.
This component needs a considerable effort especially when the compared alternatives

involve different transport modes. Jiang, Y., Zhao, G., & Li, S. (2013).

3 Rehabilitation and Replacement Costs (RRC)

These costs are usually considered major repaireplacement of transportation facilities
elements or part of it, like resurfacing of pavement, replacement of bridge mechanical parts.
This component can be estimated from the previous statistics of existing facilities and
suppliers Jiang, Y., Zha&., & Li, S. (2013).

Maintenance, rehabilitation and replacement are very important in extending the life
expectancy of any infrastructure as well as making sure that the facility will keep on

delivering benefits for the whole analysis period atlamned capacity.

4 Operation, Maintenance and Rehabilitation DisBenefits (ODBC)

Those costs can be environmental, economic and/ or community costs, like the impact on
animal habitat areas, the noise and pollution that a new highway could cause in diaksiden

area, the impact on local accessibility and walkability and emission etists,

Those adverse impacts should be acknowledged and mitigated by providing solutions (sound
barriers, pedestrian bridge, and gragparated animal crossing facilities, nder to avoid
inconsistency in calculation of different projects alternatives.

Another issue to acknowledge is the exgemerated traffic due to the creation of
transportation, which is called Al nduced Tr
ernvironment and cause more demand.

Other costs to be considered are the ones related to thergifits during maintenance and
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rehabilitation of the transportation facilities and the utilities within the ROWSs over the
duration of the analysis period duethe proposed improvements and the required traffic
diversions if applicable, along with the cost of the resulting traffic disturbance.

Economic disbenefits costs represents the adverse impact on local/ regional/ national and
even international businessiige to transportation projects those impacts could affect people
jobs and income as well as properties value, like the impact of upgrading a collector road into
a highway on local coffee shops or the impact of trucks prohibition zones on ports.

Those cost are usually nemarket costs and cannot be easily mitigated; accordingly
estimating them requires special studies.

Those cost components could include the following:

- Health impact (hearing, stress, sleeping)

- Pollution impact on the environment

- Accidents

- Pedestrians and y ¢ | accedsibilgy

- Nearby Property value impact

i) End of Project Costs (EPC)

It is also referred to as the decommissioning costs, which involves the decommissioning and
demolishing costs of the facilities and reinstating the site conditi its original conditions, and
the lost value of the remaining service life in case of early decommissioning.
It is usuallyconsistingof the flowing elements:
- Residual value: which is equal to the value of the assets at the end of the analysis period

in case its condition allows it to continue functioning at an acceptable level of service.
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This value should also be considered in case of early closure/ termination of the project in
case of failure or requirement for upgrade.

- Salvage value: it is the va of the working assets if it is to be sold, like the value of
buses or any other equipment or materials if it could be sold.

Jiang, Y., Zhao, G., & Li, S. (2013).

3.3.1.4 Costs with varying or no-specific time line

There are some costs which does not haveaa titae of occurrence, whidheir value is

realized at the full and successful operation of the project, like the following costs:

Political and National Security Costs (PNSC)

Transportation infrastructure projects could have negative impact aouhé&y security, for
example, opening new roads between countries could impose security concerns related to
smuggling and trafficking.

This component needs to be considered for projects that may impose such concerns.

Campaigns and awareness cos(€AC)

Those costs are usually high in policies type of projects, like the cost of preparation of a safety
campaigns or the announcement for opening of a new road.
Usually those costs are not easy to estimate since policies have big uncertainty in achieving their

goals and objectives.
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Reputational Costs (RPC)

This component refers to the cost of the damage that the agency could suffer from due to
considering a new controversial project or an alternativeekamplejf the agency is

considering the demolishing afbridge that was built recently due to a mistake or due to
unexpected traffic growth, then the impact on the agency reputation should be considered while

assessing the alternatives.

Experimental Costs (EXC)

This cost is related to works that is donetésting a solution or a new technology, which can be
adopted or discarded based on its outcomes, those costs should not be included as they are
considered as joints costs as their value, which is mainly in the knowledge, is shared in many

other future pragcts.

3.3.2 Benefit Components

Usually transportation projects main objective is to reduce transportation costs, however
improving transportation and reducing its costs has plenty other benefits (doahdfgs).
Subsequently, transportation projects benetts be categorized into two main categories, cost
saving benefits and Netost saving benefits, which includes community, economic, political and
national benefits.

The term cost saving is used to refer to the currently incurring costs that could bé gsved

proposed project is to be implemented, during the analysis period.
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3.3.2.1 Development Stage Benefits (DSB)

It consists of the value created by building knowledge and risk reduction during the development

stage of the project.

3.3.2.2 Construction stage benefits

Therehasbeen naecorded benefit in the literature that incur during the construction stage other
that the economic benefits which will be mentioned later on in this chapter, but its time of

occurrence is not clear.

3.3.2.3 Operation, Maintenance, Rehabilitationand Replacement Stage Benefits

1) Travel Time Benefits (Cost Savings) (TTB)

This component refers to the saving in passe
transportation through reducing the travel distance, increasing travel speed and/ or reducing
congestions or stop cycles.

Estimating this benefit value requires the Value of Time (VoT) for each group category and the
Vehicle Hours Travel saving (VHT) (in the case of surface transportation) for each passenger

type. Calculating this benefit requiresegt effort especially when it involves multiple travel

modes, as it needs separate studies/ surveys to estimate vehicles occupancy rates, also in addition
to other studies/ surveys to estimate the time value for each passenger/ driver type.

TTBXx = XVQTYHTI

Macro Modeling software are capable of calculating VHT time saving, while the value of time

and other variables and multipliers like occupancy rates still require further economic and traffic
studies.
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i) Vehicle Usage Benefits (Cost Savings) (VUB)

This component is related to the saving in kilometers travelled by vehicles or public transits due
to the introduction of new roads, improving capacity or travel conditions on other surrounding
roads networks, introducing new transit policies or services H@W (High occupancy vehicle)

or carpooling | anes etcé

This value is calculated based on the number of kilometers saved by each vehicles group
multiplied by the cost of a kilometer traveled of that vehicles group.

Although this cost is supposed to be cdased external to governments, but it should be
considered in the CBA as it highly contributes to the cost of travel, and reducing it contributes to
governments main objectives.

Vehicle travel costs are usually impacted by the vehicle type, vehicleageniing speed,

number of stop (change is speed cycles), road gradient, fuel and oil costs, tires, curvature and
road surface conditions.

Vehicle kilometer costs includes some fixed costs like its price, financing, registration fees,
insurance, residentiparking, maintenance and repairs.

Similar to the time cost saving the vehicle usage saving will be calculated by multiplying the
number of saved kilometers (VKT) by the cost of traveling a kilometer for each vehicle group
(value of kilometer VoK).

VUBx= x (VKTi * VoKi)

Calculating VKT can be done through Macro modeling software, although calculating VoK
requires a lot of time and effort to establish the required variables and database.

This saving can have multiple nesting benefits related to charigesef modes from private cars
to cycling or walking, but due to its complexity and small impact, then it will be ignored.
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According toLitman, T. (2009)motor vehicle costs are categorized to internal and external, and
subcategorized to variable and fikeosts, which also could be market and-nwarket as shown

in the following table:

Fuel Vehicle purchase
| Short term parking Vehicle registration
| Vehicle maintenance (part) Insurance payments
| User time & stress Long-term parking facilities
| User crash risk Vehicle maintenance (part)
Road maintenance Road construction
Traffic services Subsidized parking
Insurance disbursements Traffic planning
Congestion delays Street lighting
Environmentalimpacts Land use impacts
Uncompensated crash risk Social inequity
(Bold & Italics = Norrmarket)

Table2Mot or Vehiclebdbs cost (Litman,

iii) Travel Time Reliability Benefits (TTRB)

To include this benefit component, twtudies should be carried out, one is to establish a
valuation methodology for the travel time reliability, and the other is to estimate the changes in
travel time reliability.

Both studies require a lot of time and effort to be reliable for the analygesse, accordingly it

is not recommended to include it in the CBA unless it has big impact on the decision.

In most of the models used worldwide, the travel time reliability is derived from the same
monetization method used to calculate the value of firo@) and some countries calculate it by

multiplying it with specific multiplier based on the travel modes.
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Iv) Parking Benefits (Cost Saving) (PB)

Some projects/ policies may reduce the need for more parking spaces, due to increase the Public
TransportationRUT) share or walkability/ cycling environment or HOV lanes.

Parking costs consist of the price/ rent cost of the land, construction costs, operation and
maintenance costs.

Parking availability usually adds value to any destination for private car doveet the same

time attracts more traffic; usually policy makers encourage the use of PUT through altering the
availability of parking spaces or changing the parking costs.

Usually the parking costs and benefits are not included in the CBA due to th#imspact if

compared with other components.

v) Tolls, Fares and Taxes Benefits (TFTB)

Tolls and other taxes components benefits are considered internal/ transfer, and whether to be
considered them or not depends on the purpose of the analysis and it extent

Including such components will add to the complexity to the process and may not add real value
to the overall benefits of a country/ state transportation agency unless it could be applied for
external parties only. However, those components are coedidssential regulatory elements in

the economic sustainability of the transportation infrastructure system.

vi) Safety Benefits (Cost Savings) (SB)

Travel accidents are usually categorized into three major types based on its impact on road users:
which are f&al, with casualties, and properties damage only.

The cost of accidents consists of the following items:
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- Cost of properties damage (cars and roadé

- Cost of traffic disturbance and police services

- Cost of emergency services

- Cost of medical tr&tment and rehabilitation

- Impact on productivity of the injured people,

- Cost of pain, grief and suffering in case of death
All those items can be estimated from the market except for the last two items, which require
special monetization exercise espeygifdr the cost of human life as it is not acceptable to be
considered as a commodity.
This benefit is calculated by multiplying the anticipated difference in accident numbers (ADIAN)
by the cost of its corresponding type of accident (CoA),
SBx = x ¥XCaA)i ANi
Estimation of the difference in accidents can be linked to a separate variable (single or multiple)
like the number of conflict points, the density of conflict points, trucks percentage, speed
variation, speed and/ or volume, then calibrates thaeinsith local accidents record for the
same area.
A special model should be established to estimate the costs of type of accidents.
Agencies should establish a method to estimate accidents cost based on fatality, injury, and
property damage types of agents, which require another soindel to measure the safety
improvement based on statistics, number of conflict points, VMT, and road classification.
Jiang, Y., Zhao, G., & Li, S. (2013) provide a simple flow chart for safety benefits estimation in

the kelow figure:
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Figure 10 Computation steps of crash reduction savings, Jiang, Y., Zhao, G., & Li, S. (2013)

vii)  Environmental Benefits (Cost Savings) (EVB)

According to a research conducted by the United Nation Transportation activities contributes to
one fifth of the global energy consumption, and to one quarter to energy related global
greenhouse emissions, and this percentage is projected to rise to 2080yCommitment to
sustainable transport mobilized at UN Climate SumriN Climate Summit 2014" 2018).
The impact of transportation on the environment can be one of the following:

- Noise pollution,

- Gas emission and air quality,

- Water quality,

- Animal habitats.
The first three impacts can be linked directly with the VKT and VHT for each type of vehicle but
it needs detailed study and calibration based on actual tests, also in relation to the selection of
each unit and the valuation of its cost. However, the itlnpa@nimal habitat can be estimated by
the cost of its mitigation because it cannot be considered as a commodity that could be sold or

evaluated.
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viii) Economic Benefits (ECB)

Investment in transportation projects have great benefits on the economy.

And a welldeveloped transportation infrastructure is supposed to improve productivity,
employment rates, investment, business activities, property values, access to education and health
facility, walkability, equity and affordability to all income groups, countrp$s domestic

product (GDB), public income, tourism, tax revenue and overall wellbeing of household owners,
cities, regions, countries and even the entire world.

That is because it reduces the cost of transporting people and the services that thegmovide
the products and goods that they produce locally, and internationally.

Investing in transportation infrastructure also creates liquidity in the construction market, which
is considered an indicator of country economic conditions.

Economic and community benefits /disnefits of transportation projects are so difficult to

capture and estimate and that it mainly due the difficulty to predict their time of occurrences, and
their occurrences are dependent on other economic factors.

Transportation networks (Roads, Airports, see ports and rails) are connected locally, regionally
and internationally, and a benefit to a group of people may be considetszhéi#s to another.

For example, improving accessibility to a particular comnyumidy improve the supply for more
quality products, but at the same time increase the competition for local business owners.
Another example is that upgrading the road network in a particular area may reduce the
transportation cost and increase the speedrie group of users, but at the same time could limit
the walkability environment within that area for other groups.

Those benefits are usually not considered in the CBA as they are only important to compare
different investment types like investmentriansportation or education or maybe other
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infrastructure like power or water, usually those advantages are addressed in Economic Impact
Analysis (EI'A) s. Those i mpacts are also ref
Another reasons why economiccecommunities impact should not be included in CBA is that it
would be double counting of transportation benefits, as those are the results of reducing

transportation costs.

IX) Community Benefits (COMB)

Community benefits are the components that makes thenoaity more attractive and livable
like:

1 Community walkability,

1 Health, safety and security,

1 Cycling and recreational facilities,

1 Beautification,

1 Community cohesion,

1 Sunshine, Skyline and scenery views,

1 Landscaping,

1 Cost effective accessibility to basiersices,

1 Property value,

1 Equity impacts (equal distribution of transportation services and facilities)

1 Country reputation

1 Civic pride

1 Recognized monuments and landmarks
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Community impacts could be considered part of economic impacts but usually are dvaluate
separately as community impacts are more localized and limited to the subject community
geographic limits.

Community benefits and costs are very difficult to estimate and are not recommended to be
included in the CBA as they may be considered doublettmuand they are extremely

subjective.

At the same time, those cost/ benefits should be done separately in different supportive appraisal

studies.

X) Social Benefits (SOB)

Cheaper transportation makes social activities more affordable and creafacetoeface

interaction between society members and between firms and their possible clients, which will
improve social health and relation between businesses and their society members, which in return
helps in creating more jobs and adds to the wellbefradl society members.

This component is usually not included in cost benefit analysis for transportation projects due to

its complexity and the uncertainty of its outcomes (Federing, D., & Lewis, D., 2017).

3.3.2.4 End of Analysis Value Benefits Residual Value (EAVB)

This component is similar to the AEnd of Pro
here is that we calculate this benefit when comparing two projects or alternatives with different
life span for an analysis period less the than eith#reoélternative life span (Bailly, H., &

Brinckerhoff, P., 1999).
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3.3.2.5 Benefits with varying or no-specific time line

As in costs, there are also some benefits with no clear time of occurrence, which their value is

realized at the full and successtyleration of the project, like the below benefits:

Political and National Security Benefits (PNSB)

Transportation infrastructure can be used as economic and political tools to influence political
relationships between countries in both positive and negatays.

Transportation has major i mpact on every cou
countries security especially in regards to
governments tend to build some routes due to political risks,velwven costs may exceed the

return on investment and even if it is not warranted by traffic volumes.

Furthermore, transportation networks can also play important roles during wars and troubles, and
governments could also develop separate transportatiditidadike roads and airports for

military usage only, however those types of projects are not included in the scope of this study.

It is recommended to consider this component in the Costs benefits analysis, due to its impact on
the decision, which coulde key differentiator especially in turbulent times.

However,considering it is not easy due to the noarket feature of this component.

Reputational Benefits (RPB)

It refers to the value that is assigned to a project or one of its alternatives thiataaripositive

impact or prevent a negative impact on the organization/ agency.
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For example, agencies could undertake projects or invest in developing a new technology just to
maintain its place a leader in some field of transportation, although thgsetpimould have low
ranking in terms of its CBA measures.

Quantification of the reputational benefits is subjective, and is usually assessed by using the risk
assessment methods, literature does not recommend adding this component to the cost benefit

analsis especially that it is not clear at which stage and year this component would occur.

Experimental Benefits (EXPB)
This component refers to the knowledge and experience that is expected to be collected
throughout the projects stages from texelopment stage until the decommissioning stage.
Although this component could be bought or rented through the market, however monetizing it is
not an easy task, and it is usually ignoi@deduce the complexity of the CBA process for

transportation projects.
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The below table lists all the possible cost and benefits components for a tranpsortation project, along with its st

Ge and importance based on the liteature review above:

Component Code |Type [Stage Included in |Estimation [Objective /|Estimation method|Issues Impact
CBA difficulty  [Subjective
Costs
Development stage Costs DC Cost _|Planning No Easy Objective  |empirical Joint/ Sunk cost|Low
Construction direct costs CDC |[Cost |Construction |[Yes Easy Objective  |empirical High
Construction dis-benefits costs CDBC |Cost |Construction |Varies Difficult Subjective |Monetization medium
Operational costs ocC Cost |O&M&R Yes Easy Objective  |empirical High
Maintenance cost MC Cost  |O&M&R Yes Easy Objective  |empirical High
Rehabilitation and Replacement cogBRC |Cost  |O&M&R Yes Easy Objective  |empirical High
O&M&R dis-benefits ODBC [Cost  |O&M&R Varies Difficult Subjective | Monetization High
Political and national security Costs|PNSC [Cost |O&M&R yes Difficult Subjective |Monetization High
Campaigns and Awareness Costs |CAC |Cost |Varies No Difficult Objective  |empirical low
Reputational Costs RPC |Cost |Varies Yes Difficult Subjective |Monetization High
Experimental Cost EXC |Cost |Varies No Difficult Subjective |Monetization low
End of project costs EPC [Cost |DecomissioningYes Easy Objective  |empirical low
Benefits
Development Stage Benefits DSB |Benefit|Planning No Difficult Objective  |empirical Joint Benefit Low
Travel Time Benefits TTB |Benefitf O&M&R Yes Difficult Objective  |Monetization High
Vehicle Usage Benefits VUB |Benefitf O&M&R Yes Difficult Objective  |Monetization High
Travel Time Reliability Benefits TTRB |Benefitf O&M&R No Difficult Subjective |Monetization Double CountingLow
Parking Benefits PB Benefit| O&M&R No Easy Objective  |Monetization Low
Tolls, Fares and Taxes Benefits |TFTB |Benefitf O&M&R Yes Easy Objective  |empirical Transfer benefitd_ow
Safety benefits SB Benefit| O&M&R Yes Difficult Objective  |Monetization High
Environmental benefits EVB |Benefitf O&M&R Yes Difficult Subjective  |EnviA High
Economic benefits ECB |Benefitf O&M&R No Difficult Subjective |EIA Double counting|/High
Community benefits COMB [Benefit| O&M&R Varies Difficult Subjective |Monetization High
Social Benefits SOB [Benefitf O&M&R No Difficult Subjective |Monetization Double counting|High
Political and national security benef{ENSB |Benefitf O&M&R Varies Difficult Subjective |Monetization High
Reputational Benefits RPB |Benefit|Varies Yes Difficult Subjective |Monetization High
Experimental Benefits EXPB |Benefit|Varies No Difficult Subjective |Monetization Low
End of Analysis Value Benefits EAVB |Benefit| DecomissioningYes Easy Objective  |empirical High

Table3 Transportation projects list of possible Costs and Benefits during its life cycle
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3.3.3 Contextual determinants

Calculating all the above costs and benefits for the whole project life cycle duration requires
special attention to the assumptions and variables that could affect the results.

Analysis purpose and calculation perspective is essential in order to differentiate between the
internal and external costs/ benefits.

Usually all external components wilelexcluded, which also depends on the geographic scope of
work,fore x ampl e, i f analysis is done for a | ocal
belong to private parties which are outside the agency jurisdiction should be excluded from the
calculaton.

Another important item that needs to be considered is the level of effort available/ required for
the CBA task, according to which cost and benefits components that have small negligible impact
can be excluded from the analysis like the parking @xisbenefits.

Other factors that could affect the calculation are analysis timeframe, discount rate, inflation rate,
depreciation rate, transfers, double counting, joint costs, sunk costs, uncertainty impact,
sensitivity analysis, and most important fadtothe reliability of the valuation method

(monetization) which will be explained in later paragraph.

Analysis Period

It refers to the analysis period, which usually covers the whole life cycle of the project or at least
one of its alternatives, to capéuall its costs and tangible benefits.

When CBA is used for comparing options or prioritizing projects with different analysis periods,
then adjustments should be applied to make sure that the comparison is done correctly, those

adjustments could includealculating residual value for each option that have longer life span
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than the analysis period. In addition, the analysis period should not extend beyond scenarios that

traffic mo d erdsudlts are not reliable.

Discount Rate, Financing Costs, Inflation, andepreciation Rates

Money that is available today worth less in the following years, as it can be used to generate
profits (benefits) in the future years, accordingly future costs and benefits are discounted to
reflect the decreasing value of money overlife cycle of the investment. In addition, the

discount rate should be used to cover the cost of lost opportunity, which is calculated based on
profit that could be generated if the money is to be invested in other available opportunities.
Discount ratesisually includes three components: inflation, which reflect the decrease in the
purchasing power; a risk component; and a real interest rate, which captures the productive value
of available money for investment.

Usually public investments analysis ignetle first two components, as inflation impact is
negligible and public borrowing comes with small risks, however the real discount rate needs to
be obtained from each country central bank or similar agencies to ensure reliable analysis
outcomes.

Financirg costs can also be ignored for public investment projects, since it is already counted for
in the discounted rates, unless the subject project required special investment arrangement.

It is recommended to ignore applying depreciation in the CBA to awailld counting of its

costs with the maintenance and rehabilitation costs, as the CBA assumes that the analysis
infrastructure will be able to maintain its optimal functionality through the regular preventive and

corrective maintenance and rehabilitatibattare already included in the cost components.
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Furthermore, benefitost analyses typically ignore inflation because the prediction of future

prices introduces unnecessary uncertainty into the analysis

Source of transportation project funds:

Transportabn projects are usually funded by 1| ocal
cases by private investors.

Usually governments and private developers fund their transportation projects from one of the
following sources:

- Taxes on cars imports and usage

Cars registration, insurances, and driving license fees,

- Fright fees,

- Traffic fines,

- Toll gates,

- Public transportation and parking fares,

- Tax on fuel,

- Property prices and taxes,

- Community fees,

- Other taxes (income tax, corporate taxes, importand expark , et c é)

Moreover, the fund is delivered by using one of the following financial tools:

Federal or local government direct budgeting,

Governments Bonds,

Public Private Partnerships and its sabdels,

Direct Private fund,
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- International funds.
At last, CBA framework would provide the necessary documentation to support any of the above

financial tools at the project appraisal stage along with any other related asset performance data

Transfers, Double Counting, Joint, and Sunk Costs

Transfer, double couimig, join costs and sunk costs are the main pitfalls that makes CBA

difficult to apply and are somehow adds to its complexity, they are unavoidable so it is better to
identify their occurrence and eliminate their impact at the start of the analysis.

Transfer costsand benefits are transactions without real value that may only affect the project
economics | i ke the i mpact of a project on pu
Since those components goes to the government and they are sishsitiized and calibrated to

serve the same government purpose; which is to reduce the cost of transportation, and there is
supposed to be no real competition within tr
Double countingissue is the most common pitfall thenpact the results of CBA, and especially

when transportation specialists tends to add economic and community impacts (impact on jobs,
business activities, etcé) to the projectads
In order to avoid doubleotinting it is required to make sure that every monetary unit (dollar for
example) benefit or cost is count once only.

Joint costsrepresent the money spent to allocate resources to more than one project but are
counted as a whole for during CBA, like cangtthe cost of land acquisition for road ROW and
ignoring that this ROW include rail corridor and major service lines are not related to the main

function of the new road.
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Joint costsshould be calculated properly in order to avoid overloading projeciseoof its
alternatives.

Sunk costs are the costs that have been already spent or already committed in a way that cannot
be recovered, like the cost of an existing ROW, and the cost of existing roads, or existing service
utility that can be utilized in #project. According to Eschenbach, T. (2003) those costs should

not be included in the CBA.

Uncertainty Impact and Sensitivity Analysis

Every cost and benefit value could have some uncertainty especially that most of those values
would be calculated for lang-time period ranging between 10 to 75 years. For example, traffic
model 6s prediction can vary which wil/ af fec
saving benefits overall value.

Usually sensitivity analysis will provide a good indicator toathtomponent will have the

greatest impact on the CBA to refine its estimation method and to provide results that are more
reliable or reduce uncertainty impact.

To conduct a sensitivity analysis, costs and benefits components with the biggest valuks shoul
be identified, an optimistic/ most likely/ pessimistic value should be then identified, and CBA
will be calculated based on all those values and identify the components that have the biggest
impact in order to enhance its value estimation.

Further infornation related to the benefits of sensitivity analysis will be provided in the

optimization section.
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CBA and Total life cycle costing requires assumptions and forecast of the variable values in the
future; all those variables values have some degreeceftamty. In order to calculate the impact

of this uncertainty on the appraisal process literature recommends applying sensitive analysis and
risks assessment and there are several frameworks that explain this process.

In general, the process involves kowy at different combinations of numbers for the subject
variables, and to explore how the change in one variable or two could influence the other

variables values and the assessment results.

Input Mean Assign Input Generate Perform
of Random [—>| Probability Random Economic Generate
Variable Distribution Number for [ Analysis [ Output
Random
Variable
Apply Statistic Run 100
Parameters Iterations
(cv)
91

Figure 11 Probabilistic analysis process (Jiang, Y., Zhao, G., & Li, S. (2013))

| Overall benefits of a highway project |
T
Multiple Items of
Project Benefits | Item 1: Agency costs | |I[cm 2: Vehicle operating custl | | | Item k: Vehicle air emissions |
T 1 T T
I
Possible Decision Cases ¥ - - L4 -
for Input Factors | Certainty | | Uncertainty |
P ed A aches Deterministic life-cycle Risk-based LCCA + Extension of
FOpoSed Approaches cost approach (LCCA) LCCA Shackle’s model
L7 L7
Simulation average as Simulation average
Input Factor Values | A single value | the mathematical adjusted according to a
| expectation decision rule
T J
1
One Computed Result for Y - - Y -
Each Project Benefit Item | Result uflbcncﬁt item 1 | | Result ufblcncﬁt item 2 | | o | | Result ufbcnlcﬁt item k
Y
Overall Project Benefits | Sum of itemized project benefits |

Figure 12 Framework for estimating project benefits under certainty, risk, and uncertainty (Li,

Z., & Madanu, S. (2009))
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However, in this paper we will usegthieveloped Microsoft Excel © models to perform the

sensitivity analysis.

Cost of Uncertainty Due to Risks, Opportunities, Complexity and
Reliability

Those costs should cater for the uncertainty
in the future due to risks, complexity and reliability of the selected alternative or some of its
components.
To include this cost in the CBA process, a special monetization model should be developed.
Existing risk management framework and procedures coulddzkto develop the monetization
model.
This cost component should not be included within the CBA, but to be carried out based on the
outcome of the CBA as it should consider all the risks in each cost and benefit component.
Monte Carlo simulation and setigity analysis can also be utilized for the estimation of those

costs.
3.3.4 Valuation Methods (Monetization) Quantification of Qualitative
Aspects

Monetization is the process of measuring value in equivalent monetary unit, in order to rank
values of services/ unct i ons/ resources | i Ksallythosee , healt

resources are called nomarket items, as their value cannot be obtained, bought or rented from
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the market, does not yet exist, benefit others or may never been used like wildexaess ar
reservation.
Those values are usually subjective and vary based on time, location and user attributes.
Below is a list of the nomarket resources that could be included in the CBA:

- Noise impact,

- Air quality and emission impact,

- Aestheticampacts,

- Stress, pain and grief impact,

- Time value,

- Time reliability impact,

- Civic pride impact,

- Some community i mpacts (equity, walkabil

- Political and national impacts,
The impact of the above resources can be exclirdedCBA and evaluated separately by using
other methods like the weighted scoring and CBA outcomes could be considered one of the
comparison criteria factors, but it is recommended to monetize those elements and include them
in the CBA in order to obtaimore reliable and agreeable results.
However, there are two main methods to do monetization, Hedonic Pricing method and
Contingent method.
Hedonic methoduses some relevant values (Usually real estate value), and other characteristics
to evaluate some ath transportation related costs or benefits.
For example, comparing house prices between unites impacted by the highway noise and others

that are facing local neighborhood after considering all the other factors that could affect the
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prices like housesizend di st ance to schools and other ci
al (2017), Uyeno et al (1993).

While theContingent methodis more detailed, and it uses surveys and other statistical tools to
establish the value based of all possible populationgg by asking users questions related to

how those users valuate the roarket components by using the following questions technique:
What is the price you are AWilling to accept
and then apply seitiwity analysis and other uncertainty methods to refine the outcomes and
evaluate the possible contingencies.

Each county/ agency should have their own valuation methods and records as the results for each
item/ resource could vary extremely from arearnea based on multiple characteristics (Diamond

& Hausman 1994) and (Mitchell, R. C., & Carson, R. T. 1989).

Below is an example of the values that have been extracted from a monetization study for the

value of the required values like time and cost ofssion for Stockholm Metro project in

Sweden.
Some of the parameters used in Swedish transport-related CBAs. Source: (SIKA, 2008)
Value of time Private trips <10 km 5.1€/h
Private trips >10 km 10.2 €/h
Business trips 27.5€/h
Value of human life and injuries Life 2.23 Me
Severe injury 0.415 M€
Slight injury 20 ke
Emissions® Carbon dioxide 0.15 €/kg
Particles 1149 €/kg
vocC 6.8 €/kg
502 33 €/kg
NOx 3.6 €/kg
General parameters Discount rate 4%
Marginal cost of public funds 1.21
2 Values depend on geographical area (except for carbon dioxide), among other things on
exposure rates. The values relate to the inner city of Stockholm.

2014 An expost CBA for the Stockholm Metro
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3.4 CBA Measures

This section explains how the final output o
decision makers can use CBA to make informative andotel@ecisions in selecting best
projectodos alternatives or best projects port
called capital budgeting techniques in the business field

After calculating all the discounted cost (C) and benefit (B) aomapts for the whole project life

cycle then we can calculate one or more of the following values: Benefit/ cost ratio (B/C), Net

present value (NPV), internal rate of return (IRR), Payback period and Cost effectiveness.

Benefit/ Cost Ratio (B/C) & NetPresent Value (NPV)
B/C is calculated by dividing the total discounted benefits value by the total discounted costs
value, projects with B/C greater than 1 are having benefits exceeds the costs and the greater the
ratio the better the project or a specdlternative.
This measure is not a good indicator if used by itself, as it is not sensitive to the project
magnitude and may favor projects with small cost over big projects, using B/C measure along
with Net Present Value (NPV) could remove the expeciasl b
B/C and NPV are calculated as follows:
Considering:
(n+1) are the number of years according to the set analysis period,
Bi is the value of benefits for year i (i from O to n)
Ci is the value of costs for year i (i from 0 to n)

(d) is the discount rat
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After calculating Bi and Ci for all the years 0 to n, then B would be the sum of the discounted
benefits) )OFE( Bin/dd( C+dvoul d be the s)foraithe di scou
years, and accordingly: B/C would be the benefits toratist and NPV = B C.

Selecting the projects/ alternatives with the best value for money and with optimal over all
advantage would be then by ranking them according to their B/C and NPV values and selecting

the ones with the highest NPV and B/C respebltive

Internal Rate of Return (IRR)
Internal rate of return is the discount rate that will make the net present value equals to zero, this
rate gives an indication on how profitable (beneficial) the project is.
This rate should be compared to other alteveatrate, and the higher the rate the better the
alternative in terms of return on investment, and it is calculated as below:

| RR = d when NP\E= (Ei (B r6md(dny d )

Payback Period
The Payback Period is the number of yednshich accumulative benefits will be equal to the
accumulative costs, and the alternative with the lowest Payback Period is considered the best.
Payback period is calculated as below:

Payback period = m (m h/(ledi")oF t{(6CH)")x0hen NPV=

Cost Effectiveness / Value Engineering
Cost effectiveness is used when the benefits are difficult to be measured, and when a specific
benefit/ function is required to be achieved, then projects or alternatives will be compared against

thar costs.
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This measure is similar to Value Engineering techniques, with small difference is that Value
Engineering usually gives simple ranking (Weighted Scoring method) to measure qualitative
benefits then divide the scores by the total discounted cest (2 ( C') to rate ther d )

compared alternatives.

3.5 CBA Framework

The CBA frameworkwill provide a simplified flowchart showing the main processes and some
of the subprocesses, along with factors/ elements that may influence the inputs and outputs of
thewhole processThe literature is full of frameworks and processes related to CBA and
transportation projects appraisal, but most of them are optimized to simplify the process.
Veryard, D. (20165hows in his framework the main elements that he deemed important to the
assessment process along with its interface thvéteconomy without considering the other

aspects like the environmentald sociabspects.

Transport intervention
. Standard cBA scope
AVELSRE " Market imperfections
Transport travel $ cost Reliability | | Comfort | |Resilience D's'ancc -------- ———— S -
improvements time travelled 1 1
) ] | L L i '
1 1
A ]
: 1
Location changes: ]
Transport users Busg‘e” Travel to Lei * Housing |
affected {locations work | e * Business activities ]
Jfixed in standard CBA) freight _— + Jobs and commutes 1
— = 1
. £ T J
J’ l e ‘&' Jﬂ r v v
Direct resource benefits Welfare benefits Other resource benefits from:
= Business/freight travel time/wage * Leisure/commute time savings + More productive jobs
Effects on welfare savings [(incl. unreliability b uffars) + Reliability benefits * Increased labour supply
and economy + Fuel and operating cost savings * Comfort benefits * Induced property development
+ Safety benefits (vehicles) = Safety benefits {life and injury) * “Dynamic clustering”
= "Static clustering” agglomeration = Environmental benefits + Increased compeatition
T T * Business/supply chain redesign
1 i
1 1 T
¥ v !
Transmitted economic effects :
F_J’Ow‘-o.’.‘ and final + Employment « Prafits P _:
effects on econamy * Output/ GOP « Land and property value rents
* Productivity and wages + Other changes in prices
Key: —> Major effects in CBA —  Minor effects in CBA —=3% [ffects (usually) not coptured in CBA

Figure 13 Veryard, D. (2016) CBA Framework
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(Li, Z., & Madanu, S. (2009)) have proposed a CBA framework which considers some of the
previous components, amlalsoignoring others like the environmental and social components,

and that is due to the complexity of addthgm, as shown in the below figure.

| Overall benefits of a highway project |

Multiple Items of

Project Benefits | Item 1: Agency costs | |Ilcm 2: Vehicle operating custl | | | Item k: Vehicle air emissions |
T 1 T T
I
Possible Decision Cases ¥ — - L4 -
for Input Factors | Certainty | | UHCL:I;am[y |
P ed A aches Deterministic life-cycle Risk-based LCCA + Extension of
roposed Approaches cost approach (LCCA) LCCA Shackle’s model
L7 L7
Simulation average as Simulation average
Input Factor Values | A single value | the mathematical adjusted according to a
| expectation decision rule
T ]
1
One Computed Result for Y ¥ Y -
Each Project Benefit Item | Result l)flb(.an-lT item 1 | | Result ufbanLﬁt item 2 | | o | | Result ubenlLfiI item k
Y
Overall Project Benefits | Sum of itemized project benefits |

Figure 14 Framework for estimating project benefits under certainty, risk, and uncertainty (Li,
Z., & Madanu, S. (2009))
Below are some other frameworks, which are all focusing on the dostst and cost saving
elements of the appraisal process, and the main reason is that other aspects are mainly subjective
norrmarket aspects that require huge effort to estimate them with high degree of risk and

uncertainty
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Agency Cost (;:IJ
i

Initial Setup: Identify Deficiencies Est (ﬁ Vehicle U}:H_:HTLI'UB
& Define Candidate -srlfn‘at_e ; Cost (VOC) |

Section data; :> Improvement =:> Inipacts _U £r

< Alternatives and the Alternatives. !

Forecast demand | Speed

Base Case 7\3 !
ﬂ Emissions
. Crashes
Y

Repeat for each highway section and founding period

4

Summarize and Report Selected Preferred
Alternatives for Overall Analysis Period

Figurel5Ji ang, Y., Zhao, G. , & Li, S. (201

Figurel16Ji ang, Y., Zhao, G., & Li, S. (2013:

The below framework, which is proposed in this paper and based on the previous literature, it

suggests deviding the CBA process into 4 stages.
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