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STOCHASTIC MODEL FOR THE ASSESSMENT OF
ACCEPTABLE TOLL RATES

ABSTRACT

Private participation in the delivery of toll road projects has been used worldwide. It is a
model which incorporates private sector knowledge and experience in the management
of highway projects and mobilizes private capital through Public-Private Partnerships
(PPP). One of the most prevailing characteristics of PPP projects is risk sharing between
the public and private partners. Assessment of a project’s financial soundness, a crucial
factor for private sector involvement, is the basic underlying process throughout the
project’s development until the project reaches financial closure.

The traditional cash flow analysis of the financial feasibility of a project has shown
weaknesses in many cases. From the pool of delivered projects which have experienced
difficulties in their operations, it can be learned that advanced probabilistic models need
to be introduced due to their feature of representing uncertainties more realistically. It is
important to capture a project’s uncertainties even in early phases of financial analysis
since this information helps in the identification of potential financial risks and assists
all sides to structure the deal properly. Parameters commonly used for the evaluation of
a project’s financial feasibility are the annual debt service cover ratio (ADSCR), the
internal rate of return (/RR), and the return on equity (ROE). Although some existing
models for analysis of a project may seem difficult for decision makers and stakeholders
to interpret and understand, there are prospective ways of describing and representing
the problem in more understandable and meaningful ways.

This research presents a methodological framework for an early assessment of
acceptable toll rates for PPP toll road projects taking into account multiple uncertainties.
A toll rate is considered acceptable if it is acceptable for all stakeholders. This approach
takes into account predefined financial constraints ADSCR, IRR and ROE on one side,
and the project’s uncertainties, such as volatility of traffic volumes, construction costs
variation, and operation and maintenance costs variation on the other side. Selected
financial parameters represent the preferences or requirements of potential investors that

must be fulfilled in order for them to invest in a PPP project. These preferences and



financial requirements are based on investors' assessments of a project's risk profile and
also depend on activities on capital markets.

The results of this approach provide the range of toll rates covering possible risks
scenarios. These results can serve as a basis for a comparative analysis of the socially
acceptable toll rate, assuming it is known, and the financially required toll rate. It is
anticipated that the early identification of the possible gap between these two values
represents valuable information for all parties involved in the project. This gap helps in
the identification of the need for additional financial instruments, such as guarantees or
subsidies, in order to implement a project that is acceptable for private and public
partners, equity investors, lenders and users.

The mathematical model used in this research has two hierarchical implementation
modes - deterministic (which is quicker) and stochastic (which is more extensive). In
the deterministic model, the mathematical re-formulation of the World Bank (WB)
Toolkit enables the toll rate calculation for the given set of selected financial
constraints. This approach is used to test the sensitivity of toll rates to changes in traffic
volume, construction costs, and operation and maintenance (O&M) costs as three risks
under the consideration in this research. The sensitivity analysis shows the existence of
relations between changes in these parameters which were further elaborated in the
stochastic mathematical model.

Recognizing the number of risks in PPP toll road projects, the three mentioned risks
have been chosen to be included in the stochastic mathematical model as models of
random variables. Construction and O&M costs are presented as continuous random
variables, while the traffic volume has the additional stochastic component which
represents traffic evolution over time as random walk.

The application of this stochastic model is presented through two case studies, chosen to
present how a country's macro-economic conditions and traffic forecast may be
captured with the model. Results reveal the minor share of risks covered by socially
acceptable toll rates. Concluding remarks show the importance of timely and
understandable information about potential risk scenarios that are crucial in raising

awareness among decision makers and stakeholders about possible costly downturns.



Key words:

Public-Private Partnerships, toll roads, toll rates, risk management, project uncertainties,
traffic risks, construction costs, operation and maintenance costs, financial feasibility,
stochastic models.

Scientific area:

Civil engineering

Specific scientific area:

Construction and maintenance of roads and airports, Construction management

UDC number:

625.711:656.03(043.3)



CTOXACTUYKHU MOJEJI 3A YTBPBUBAILE
OIITUMAJIHE ITYTAPUHE

PE3UME

VYyenthe nmpuBaTHOT CeKTOpa y peajn3alyjy MyTHUX MpojeKara ca HaIUIaTOM ITyTapuHe
3aCTYIUbEHO je ImupoM cBera. OBaj MoOjeN KOPHCTH 3HaWHe U HUCKYCTBO INPHBATHOT
CeKTOopa y yNpaBjbabby IMYyTHUM IPOjEKTUMa M MOOWIMIIE NPUBATHU KamuTajd Kpo3
jaBHo-npuBaTHO maptHepctBo (JIIIT). Jemna ox Haj3HauajHujux kapakrepuctuka JIIII
mpojekara je Tmojelna pu3nka wu3Mel)y jaBHOT W TpuBaTHOr mapTHepa. [IporenHa
(vHaHCHjCKE OCHOBAaHOCTH TPOjeKTa, KJby4HOr (akTopa 3a ydemhe NPUBATHOT
CeKTOpa, OCHOBHHM j€ IpOIeC LEJIOKYIHOT pa3Boja NpOjeKTa CBE 10 3aK/bydema
(hmHAHCH)CKOT apaH)KMaHa 3a MpojeKar.

TpaguuuoHanHa aHamW3a HOBYAHWX TOKOBAa (PMHAHCHjCKE OMpPAaBIAHOCTH IPOjeKTa je
II0Ka3aJsa CBOje HeJ0CTaTKe y JI0CTa cilydyajeBa. M3 y30pka pean30BaHHX MIPOjeKTa KOjU
Cy MMajlM ToTemkohe y omepaTuBHOj (ha3u, MOXKE Ce€ 3aKJbyYHTH 12 je HEOIXOJHO
YBECTH HalpegHe Mojeje BepoBaTHohe 300r HHXOBE MOTYhHOCTH aa peayHuje
Ipe/ICTaBe HEM3BECHOCT. BaxxHO je &1a ce yBHJe pU3ULM NPOjeKTa U y paHuM Qaszama
(uHaHCcHjcke aHanmu3e o003WpoM Ja oBa uWHPOpMAIMja TIOMaKE Y carjie/aBamby
NOTEHINjaTHUX (PMHAHCH]jCKUX pU3MKa B oMoryhaBa CBUM 3aMHTEPECOBAHUM CTpaHaMa
Jla TPaBWIHO CKJIONe cropa3dyM. [lapameTpw Koju ce 9ecTo KOPHCTE 3a MHpOIEHY
(UHAHCHjCKE ONpaBIAHOCTU IPOjeKTa Cy TOAMIIBU panuo nokpuha mayra, mHTEpHa
CTONa peHTa0MIINTEeTa MPOjeKTa U MHTepHa cTomna rnospahaja ynoxenor kanutana. Mako
HeKH oJ mocrojehmx Monena 3a aHaNM3y MPOjeKTa MOTY JOHOCHONIMMA OJIyKa H
KJbyYHUM HMHTEPECHHM TpymaMa Ja JAelyjy KOMIUIMKOBAHO 3a pa3yMeBame H
UHTEpIpETaNHjy, IOCT0je APYrH pasyMJbUBUJU M CMHCJICHHjU HAYMHU ONUCHBAMKa U
NPE3eHTOBaba MpodiemMa.

OBO HCTpaKUBakE MPEACTaBIba METOOJIOIMIKA OKBHp 32 paHO yTBphUBame OonTUMaHe
BucuHe myrtapuHe 3a JIIII myTHe mpojexTe ca HAaIIaToOM IMyTapuHe y3umajyhu y o03up
pasnuunTe Heu3BecHOCTH. IlyTapuHa ce cMaTpa ONTHMAaHOM aKO je NMPHUXBATJ/bHBA 3
CBE KJbYYHE YYeCHHKE Yy mnpojekry. OBaj HpHUCTYNl KOPUCTH YyHampen JaedUHHCAHA

(¢uHAaHCHjCKa OTpaHMYea TONWIIM palmuo MoKpuha gyra, HHTEpHE CTOIE



pEeHTa0MIUTEeTa MPOjeKTa W WHTEpHE cTome moBpahaja yIOKEHOT KamuTana ca jeaHe
CTpaHe, M PU3UKE MPOjeKTa Kao MTO Cy HecTabMiIHOCT obuma caobpahaja, Bapujanmje y
TPOILLIKOBUMA W3Trpajiibe, U Bapujalje y TPOUIKOBUMA YIIpaBJbala U OJp)KaBama, Ca
apyre crpaHe. M3aOpanu (uHAHCHjCKM MapaMeTpu NPeICTaBibajy NPHOPUTETE WIH
3aXTeBE IOTCHIMjAIHUX WHBECTHTOpPA KOjU MOpajy OWTH HCIyHmEHH Kako Ou ce
unsectupaino y JIIII npojexar. OBu nmpuoputeT! U (HUHAHCH]CKU 3aXTEBH ce 0a3mpajy
Ha TPOLIEHU NpoduiIa PU3NKa MIPOjeKTa O CTpaHe MHBECTUTOPA, a Takole 3aBHce U O
AKTHBHOCTH Ha TPXKHIITY KaruTaja.

PesynraT oBor mpucTymna je omncer BHCHHE IyTapHHE KOjH MOKpWBa Moryha cueHapuja
pusuka. OBH pe3yliTaTH MOTY Ja TMOCITYXe Kao OCHOBA 3a KOMITAPAaTHBHY aHAIIN3Y
COLIMjaJTHO TPUXBAaT/bMBE BHCUHE NyTapHHE, NpPETHocTaBbajyhu na je mosHara, u
(¢uHaHcHjcku 3axTeBaHe myTapuHe. Ouekyje ce Ja paHa HIECHTUUKAIMja pa3IvKe
u3Mel)y oBe 1Be BpemHOCTH MyTapuHE IPEICTaBba 3HA4YajHy WHGPOpPMAIHjy 3a CBE
ydecHuKe y npojekty. OBa pasnuka omoryhaBa Jia ce carjieiajy nmorpebe 3a JOJAaTHUM
(hMHAHCH]jCKUM MHCTPYMEHTHMA, Kao IITO Cy TapaHiidje Wi cyOBeHIMje, Kako Ou ce
peann3oBao IpOjeKaT KOjU je NMPUXBAT/BUB M 3a jaBHOT W 3a NPHBATHOI IapTHEpA,
MUHBECTHTOPE, OaHKE U KOPUCHHKE.

Marematnuku Mojen KOpuIIheH y OBOM HCTpaXHMBamby HMa JBa XHjepapcxHjcKa
MoJlyca UMILIEMEHTAIH]e - JeTePMUHUCTHYKH (KOjU je OpKH) U CTOXacTHUYKU (KOju je
onmmupHUjH). Y JEeTePMHUHHCTHYKOM MOJENy, MaTeMaThika mpedopmyramnyja
arumkarje  CBercke Oanke omoryhaBa mpopadyH IyTapuHe 3a 3aJaTH  CeT
(uHaHCHjcKUX orpaHuuera. OBaj MPUCTYI je KOpHUIINEH 32 TECTHPAkE OCETJBUBOCTH
NyTapuHe Ha IpoMeHe y o0uMy caoOpahaja, TpolIkoBa H3rpaame W TpPOIIKOBA
yhpaBJbama U OJp)KaBamba Kao TpU M3abpaHa pU3UKa y OBOM HCTPAKUBAamYy. AHaIH3a
OCETJPMBOCTH TIOKa3yje IMOCTOjame Be3e m3Mely MpoMeHa OBHX IapaMerapa Koja je
JlaJbe pa3MaTpaHa y CTOXaCTHYKOM MaTEeMaTHYKOM MOJIEIY.

[Ipenoznajyhu 3anauajan Opoj pusuka y JIIII myTHUM TpojekTHMMa ca HaIaToM
nmyTapuHe, TPU CIIOMEHyTa pU3MKa Cy M3abpaHa 3a CTOXAaCTHYKH MATEMaTHYKHA MOJIEIN
KpO3 MOJIeJIe CITydajHUX NPOMEHJbUBUX. TPOIIKOBU U3rPAJbe U TPOIIKOBH OJpKAaBamha
U yIpaBJbamba Cy MPEJICTaBJbEHM KAO HENPEKUIHE CiIydajHe MPOMEHJbUBE, JOK OOMM
caoOpahaja wma J0JaTHY CTOXAacTUYKYy KOMIIOHEHTY IMpeJcTaBbajyhul MmpoMeHy

caoOpahaja Kpo3 BpeMe Kao CITydajHH MPOIeC.



[IpuMeHa cTOXaCTHYKOT MOJENa je TpeACTaBbeHa KpO3 JIBE CTYAHje Cilydaja Koje Cy
n3abpaHe Kako OM ce MPEeICTaBHIIO /1a YTHUIIA] MAKpPO €KOHOMCKE CHTYyalrje Y 3eMJbH H
caoOpahajHe mporHose Moxe jJa ce o0yxBaTH MojieioM. PesynraTu mokasyjy J1a
JPYLITBEHO NPHUXBAT/PUBE LIEHE IyTapHHA MOKPHUBAj)y MambH yIEO pU3UKA. Y OKBUPY
3aKJby4Ka HMCTAaKHYTa j€ BaXXKHOCT MPAaBOBPEMEHHX W Pa3syMJbHBHX HH(OpMamuja o
NOTEHIMjaJJTHUM CLEHApUjUMa pU3MKa KOje Cy KJbydyHEe y TOIU3amy CBECTH KOJ

JIOHOCHOLIA OJUTyKa U KIJbYYHUX MHTEPECHUX I'pyna 0 MOryhuM CKynuMm npomariajuMma.
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CHAPTER1
INTRODUCTION

The total length of the road network and its level of service are among the most
important indicators of the economic development of a country. Countries worldwide
place significant efforts to keep their road infrastructure conditions at acceptable levels.
Investments in road infrastructure improvements and upgrade can be quite substantial
and require careful and robust analysis of a number of parameters. Managing the
planning process and the delivery of road infrastructure projects represents a
comprehensive set of activities including economic, financial, environmental and social
impact assessments. Risk management per se is a long lasting, multidisciplinary, and
complex process during the whole project’s life cycle and includes several project
stakeholders.

Background

Large infrastructure investments represent significant burdens on public budgets. While
public agencies have to comply with the limited budgets, they also have a social and
economic responsibility to deliver projects of public interest. One possible model which
enables the delivery of road projects under public budgetary constraints is a Public-
Private Partnerships (PPP). Although there is no consensus on the definition of a PPP, in
general a PPP can be described as a contractual agreement formed between a public
agency and a private sector entity that allows for greater private sector participation in
the delivery and financing of transportation projects (FHWA 2013a). Such partnerships
serve as a model for helping overcome budgetary shortfalls, i.e., for filling the gap
between assets and services required by the public and available funds for delivery of
those assets and services. Transportation is one of the major sectors in which the
implementation of PPPs has become a common approach in resolving infrastructure
issues. For example, investment in transport infrastructure in 2014 accounted for 51% of
the total investments in infrastructure (energy, transport, and water and sanitation) in
emerging markets (Kasper 2015). The five-year average increase in transport
investment is 40%.

Because of several technical, financial, legal, and economic issues which need to be

addressed, PPP agreements are relatively complex. In addition, defining long-term



rights and obligations in these complex agreements between the public sector and the
private concessionaire requires in-depth risk analysis because of the considerable
number of risks usually encountered in PPP projects. The evaluation of such risks and
the choice of adequate risk mitigation strategies are considered crucial parts of the
preparation of a PPP contract. The assessment of a project’s financial soundness
represents one of the basic underlying processes in the evaluation of PPP projects. The
financial element of the project is a predominant factor for the private sector
involvement in the first place. The project can be delivered as a PPP only if it reaches
financial closure.

At the beginning of project development, some of the key input parameters of the
project are assumed and not yet well defined. The problem of capturing uncertainties in
PPP contracts in these early phases of project development is a challenging task.
Estimates of long-term risks have been a topic of interest for many years. Use of
probability theory has been recognized in academic literature, but has had limited use in
practice to address and model such uncertainties.

In general, for PPP toll roads, the public sector is looking for a toll rate which is socially
acceptable and which will encourage use of the facility. The issue of finding a socially
acceptable toll rate involves, among other topics, the social perception of the value that
a road generates as reflected in the users’ willingness to pay and users’ value of time.
On the other side, the private sector is looking for a toll rate that will ensure project
financial sustainability and adequate financial returns. Determining the financially
required toll rate is relatively straightforward using appropriate financial models from
the project's cash flows. Problems may arise if the socially acceptable toll rate is lower
than the minimum financially required toll rate. This gap (usually called “affordability
gap”) indicates that both the public and private partners have to consider other options
for making the project’s financial structure acceptable for all involved stakeholders,
including potential investors. These options may include, for example, government
subsidies for the construction costs or a minimum revenue guarantee. Consequently, the
term “acceptable,” as used in this dissertation, means acceptable to all stakeholders.
Factors such as the country’s economic profile, road network configurations, fuel prices,
and fare prices of alternative public transportation can affect the public perception of

what is an acceptable level of toll rates. These parameters can be classified as “external”



factors of the project, i.e. parameters which do not depend on the project’s technical
characteristics and cannot be managed at the project level. They are either part of the
network level decision making process or the result of the international market
conditions. “Internal” factors of the project, such as construction and operation and
maintenance costs, are part of the project’s characteristics and can be managed at the
project level. A common practice is to assume deterministic values for these "internal"
parameters early in the project assessment, but a more realistic consideration of the
variability of “internal” parameters should be captured early in the financial analysis of
the project. Taking these risks into consideration in the process of finding the minimum
financially required and socially acceptable toll rates is an essential task.

Problem Statement

Traditional techniques of the financial analysis of projects are based on scenario
analysis or sensitivity analysis. For scenario analysis, the foreseen possible outcomes
are determined, and the financial assessment is conducted for each of them. For
sensitivity analysis, input values of interest are increased or decreased by predefined
steps to test the sensitivity of the outputs. Both of these techniques include a basic
deterministic approach and provide a single value as an output. However, in the light of
the recent financial crises and the historical cycles of high volatility in market
conditions, advanced probabilistic models need to be introduced for long-term forecasts
of PPP financial feasibility.

PPP projects congregate a number of stakeholders with different objectives. They all
have a common goal to find a balance among different requirements and to reach an
agreement which is mutually satisfactory and leads to the financial closure of the
project. These differences in objectives have their roots in the fact that each side in the
agreement is seeking the fulfillment of requirements set by the group they are
representing. For example, the public sector, as mentioned earlier, is aiming at a project
which will provide the required service for the society with a socially acceptable level
of toll rates. On the other side, the private partner is seeking a project which will
generate adequate return on capital with a relatively low-risk profile and for which it is
possible to obtain funding at a low cost of debt. Lenders are looking for a project with a

stable long term revenue forecast which is sustainable over debt maturity. Each group of



stakeholders, in their project assessments, relies on the level of toll rates as one of the
key factors on which the project's financial strength can be evaluated.

The toll rate, with direct user charging, is one of the most important parameters in a PPP
road project. However, the two opposite standpoints between the public and the private
partners (to have socially acceptable toll rates and to have toll rates which will generate
an adequate profit) define the issue of finding the acceptable toll rates as a key issue in
the project’s feasibility analysis. The question which arises here can be stated as
follows: What would be the toll rate which both fulfills financial constraints and, on the
other side, captures a project’s uncertainties with certain probabilities?

Research Objectives

The objective of this research is to develop a methodology to assess the acceptable toll
rate for all stakeholders, taking into account multiple uncertainties. In this research, the
acceptable rate represents the toll rate which is socially acceptable and financially
sufficient. The methodology adopted is based on the analysis of the following technical
parameters: construction costs, operation and maintenance cost, and traffic volumes.
Financial constraints such as debt service coverage ratios, and return on investment, are
included in the analysis. The methodology uses both deterministic and probabilistic
approaches. This research takes into consideration uncertainties regarding the estimates
of construction, maintenance and operational costs estimates and the uncertainties of
traffic forecasts.

Expected Benefits

The developed methodology establishes a framework for an early assessment of toll
rates which addresses technical and financial aspects of the project. It is expected that
this method will build a common ground for parties involved in the project to reach an
agreement on an acceptable level of toll rates. Both the deterministic approach and the
probabilistic approach help key stakeholders to evaluate the project's uncertainties more
thoroughly and to understand the project's interdependencies more efficiently. The main
contribution to the current state of risk assessment is the introduction of the stochastic
component in the estimates of toll rates. This probabilistic approach represents a crucial
step forward in the risk management practices in PPP road projects. It is expected that
the research results will contribute to a more realistic technical analysis and financial

modeling of PPP toll road projects. The potential users of the model presented in this



dissertation are road authorities, decision makers, development and commercial banks,
concessionaires, infrastructure investment funds, rating agencies, and academic users.
Organization of the Study

The first chapter presents the background with the problem statement, research
objectives, and expected benefits. Chapter II continues with an in-depth literature
review with emphasis on existing tools for the feasibility assessment of PPP projects,
characteristics of toll rates, uncertainties in traffic forecasts, construction costs, and
operation and maintenance costs. The research framework and research methodology
are presented in Chapter III. Chapter IV provides the results and discussion of the
deterministic approach. Chapter V defines the basic principles of a stochastic approach
and presents the results and associated discussion. Chapter VI provides two case studies
which have been selected for the methodology validation. Chapter VII closes this
dissertation with the main research findings, conclusions, and recommendations for the

future research.
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CHAPTER 11
LITERATURE REVIEW

PPPs represent contractual relations between public and private partners. Overtime,
some of these agreements may lead to larger issues, often resulting in expensive
renegotiations for the public sector. Wide academic research efforts have sought to
address these problems. This literature review focuses on a few aspects which are of
interest for this research. First, background on PPPs in general, and PPPs for highway
concessions in particular, is provided. Four toolkits, which are currently available for
the assessment of PPP projects, are also reviewed. Then a literature review of the toll
rate topic and PPP risks is carried out.
Background
There are many definitions of PPPs. While a PPP can be observed, in a broad sense, as
an agreement between the public and the private partners for delivery of public projects
and services, the legal definition is usually more complex. For example, the Green
Paper of Commission of the European Communities (2004) defines the term PPP in
general as the:
"cooperation between public authorities and the world of business which aim to
ensure the funding, construction, renovation, management or maintenance of an
infrastructure or the provision of a service."
The Law on Public-Private Partnership and Concessions (2011) in Serbia defines a PPP
as:
"the long term cooperation between a public and a private partner for the
purpose of providing financing, construction, reconstruction, management or
maintenance of infrastructure and other facilities of public interest and provision
of services, of public interest, which may be contractual or institutional."
Here, a contractual PPP represents the form in which the private and the public partner
regulate their rights and obligations by a contract. An institutional PPP represents the
form in which both partners are members of a joint venture and are responsible for the
project’s delivery. Another example of a PPP categorization is in Brazil where the law
defines a PPP as a concession contract in two possible forms: sponsored concessions or

administrative concessions (Queiroz et al. 2014). Sponsored concessions represent
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contracts where the private partner receives both revenues from user charges and

financial subsidies from the public partner. Administrative concessions represent the

type of contract in which the public partner provides (and guarantees) an income flow

for the private partner. In this type of contract, the total amount of revenues to the

private partner comes from the public partner.

The Serbian law recognizes and defines a concession as a type of PPP (The Law on

Public-Private Partnership and Concessions 2011):
"with the elements of concession in which a public contract regulates the
commercial use of natural resources or assets in general use which are publicly
owned or the performance of an activity of public interest which the competent
authority transfers to a national or foreign person, for a specified period of time,
under specially prescribed conditions, against the payment of a concession fee
by the private or the public partner, with the private partner bearing the risk
associated with the commercial use of the subject of concession."

Another example of legal definition is from India (Government of India 2010a) where

PPPs are defined as
"an arrangement between a government or statutory entity or government owned
entity on one side and a private sector entity on the other, for the provision of
public assets and/or related services for public benefit, through investments
being made by and/or management undertaken by the private sector entity for a
specified time period, where there is a substantial risk sharing with the private
sector and the private sector receives performance linked payments that conform
(or are benchmarked) to specified, pre-determined and measurable performance
standards."

The World Bank, Asian Development Bank and Inter-American Development Bank's

"Public-Private Partnerships Reference Guide" (2014) defines a PPP as a “long-term

contract between a private party and a government entity, for providing a public asset or

service, in which the private party bears significant risk and management responsibility,

and remuneration is linked to performance.”

Looking at the PPPs for highways, there are also several different forms and models

which have developed over time. For example, highways PPPs can be categorized based

on their payment mechanism into toll concessions, shadow toll concessions, and
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availability payment concessions (FHWA 2012). In the toll concession model, the
private partner is entitled to charge tolls directly to users. In the shadow toll concession
model, the private partner receives payments from the public partner for each vehicle
that uses the road (no toll is collected from the users). In the availability payment model
(also called availability fee or annuity model), payments from the public partner to the
private partner are related to the road availability at pre-specified performance levels.
Another possible classification is based on the level of responsibility which is assigned
to the private or the public partner (FHWA 2013a). In that context, for new facilities,
i.e. greenfield projects, PPPs can be classified as private contract fee services, design
build (DB), design build operate maintain (DBOM), design build finance (DBF), or
design build finance operate maintain concession (DBFOM). For existing facilities, i.e.
brownfield projects, there are two options: operation and maintenance concessions and
long-term lease concessions. In this research, it is assumed that the project of interest is
a greenfield toll concession based on the DBFOM model.

Existing toolkits

There are several toolkits available for the analysis and assessment of PPP highway
projects. These toolkits provide a wide range of tools and manuals that may assist
stakeholders involved in PPP projects from early phases of project development to
financial closure and implementation. Some of the toolkits address various risks in PPP
projects. These toolkits include probability and distributions of continuous random
variables as input values in their models.

Federal Highway Administration (FHWA) Toolkit

In 2013, the Federal Highway Administration’s (FHWA) Office of Innovative Program
Delivery launched a new toolkit, P3-Value (Public-Private Partnership Value-for-
Money Analysis for Learning and Understanding Evaluation) (FHWA 2013b).
Although the main purpose of the toolkit is to help decision makers in the “value-for-
money” analysis, it covers other important aspects of PPPs such as risk evaluation and
financial feasibility. This toolkit consists of four tools, namely a risk analysis tool, a
public sector comparator (PSC) tool, a shadow bid tool, and a financial assessment tool,
all of which are Microsoft Excel based and supported by associated manuals.

The risk assessment tool enables users to assess the impact that risks can have on a

project’s cost and schedule starting with the basic project assumptions and identifying
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risks of a project, both qualitatively and quantitatively. For identified risks, users can
choose between the uniform and triangular distribution. The PSC tool enables users to
determine the risk-adjusted costs of the project which are delivered under the public
delivery (or traditional procurement) method (FHWA 2013c). Among other inputs,
users have an option to use a simple toll scenario (toll rates can be assigned by vehicle
type and road section) or a variable toll scenario (toll rates can be assigned by vehicle
type, period of day/week and road section). Traffic is expressed by the number of
vehicles per year, and users can provide an input for each year of the concession life and
differentiate each section by vehicle type.

The shadow bid tool is used to calculate a project’s costs for the public sector if the
project is delivered as a PPP concession (FHWA 2013d). Key components of this tool
are: P3 contract payments which represent the cost the public sector has to pay to the
private sector to make the project financially feasible; retained risks, i.e., risks which
remain under the public sector responsibility; and other project costs that the private
sector will have, such as procurement costs, etc. The financial assessment tool consists
of two sections: a “value for money” analysis and a viability assessment (FHWA
2013e). The first section enables the comparison of the PSC and shadow bid costs and
completes the value for money assessment. In the second section, users can review and
analyze the project’s cash flows for better assessment of the project’s funding needs.
Users have an option to conduct a sensitivity analysis of cash flows as well as a scenario
analysis.

World Bank Toolkit for Public-Private Partnerships in Roads and Highways

The World Bank, with support of the Public-Private Infrastructure Advisory Facility
(PPIAF), has developed a Toolkit for Public-Private Partnerships in Roads and
Highways (World Bank and PPIAF 2009). The main objective of the Toolkit is to
provide policy makers from countries with transitional and developing economies with
some guidance and resources to design and implement PPP projects in the road
subsector. The Toolkit consist of six modules: overview and diagnosis, key components,
policy and planning, law and contract, implementation and monitoring, and tools.

The first module provides general information about PPPs, their role in highway
development and steps for defining a proper PPP policy. The second module presents

information about the five main PPP components: scope, risks, revenues, finance, and
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public accounting. The third module defines the role of the public sector in PPP
arrangements with the goal to protect the public interest. The fourth module provides
the legal and regulatory basis for the preparation and delivery of PPP contracts. The
fifth module helps in the implementation of PPP highway projects through descriptions
of a project’s key phases from project identification through preparation and tendering,
contract monitoring and renegotiation. The sixth module provides a set of supporting
tools such as case studies, financial models, bibliography, and key issues. Financial
models enable the assessment of various financial parameters of a project over a
concession period. Also, these models consider a large number of input parameters,
allowing users to adjust the analysis to each project more closely. However, all of these
input values are deterministic, values and to conduct sensitivity analysis, users have to
run models for each set of input values manually.

Mladenovic and Queiroz (2014) have extended the Toolkit financial model to other
infrastructure subsectors, in addition to roads. Based on the Toolkit toll road graphical
financial model, their model can be used to assess the financial feasibility of
Availability Payment (or Annuity) PPP Projects in any infrastructure subsector (e.g.,
roads, rail, airports, water, sanitation, schools, hospitals). As in the original model, the
Availability Payment financial model comprises five worksheets (Data Sheet, Cash
Flow Graph, Debt Graph, Dividend Graph, and Summary of Assumptions and Results).
Default values are provided for each parameter defining a hypothetical PPP project. To
define the project to be financially assessed, the user can change the parameter values
using the arrow keys (scroll bars) provided in the Data Sheet and graph sheets.

Texas Transportation Institute (TTI) Toll Revenue Estimation Model

In 2012, the TTI published an Excel based spreadsheet tool for an early assessment of
revenues generated on toll roads (Beaty and Lieu 2012). This tool allows users to
specify several input parameters: general characteristics of the project, traffic data, and
toll data. For traffic data, initial traffic is presented as a random variable and the user
can choose between two types of distribution: normal and triangular. Over the
concession period, traffic is adjusted by a growth rate every five years. This tool also
considers two classes of vehicles: autos and trucks. One feature this tool provides is the
maximum capacity constraint of the road which presents the upper limit in traffic

simulations.
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Toll rates, which need to be provided for autos and trucks separately, are adjusted over
the concession period by the inflation rate. Users have an option to adjust toll rates
manually every five years if the anticipated change is greater than inflation. This tool
takes into account a ramp-up phase where users can specify the percentage of originally
forecasted traffic, thus assuming a lower revenue during this phase. Transaction costs,
which present costs occurring when vehicles use an electronic tolling system, are also
covered in this tool. Yearly operational and maintenance costs are assumed to be fixed
and are adjusted only for the inflation rate. Users can override these initial values by
specifying values for each year separately. There are no options to include major
maintenance costs like rehabilitation or reconstruction costs.

Government of India — PPP Toolkit for Improving PPP Decision-Making Processes

The Ministry of Finance in India released a web-based toolkit for the improvement of
the decision-making process in PPP arrangements for the delivery of infrastructure
projects (Government of India 2010b). This toolkit has five parts covering five sectors:
state highways, water and sanitation, ports, solid waste management, and urban
transport. For state highways, there are three modules: PPP background module, PPP
process module, and tools and resources module. The first module provides background
information and references on PPPs, while the second module provides guidance
through the development of PPP projects from identification of potential projects,
preparation and clearance, procurement, and contract management during the
operational life. The third module provides a useful set of decision making tools for PPP
practitioners, links to useful PPP resources and a set of case studies in India. This
module contains six decision making tools: a Family Indicator, a Mode Validation Tool,
a Suitability Filter, a Financial Viability Indicator Model, a Value-for-Money Indicator
Tool, and a Readiness Filter. The PPP Family Indicator tool is set up to help with the
preliminary selection of the mode that best fits the project for example, whether the
project is a brownfield or a greenfield project or whether the primary resource of
revenue is the user charge system, a shadow toll mechanism, or annuity payments by the
public sector. The Mode Validation Tool further examines a risk allocation for the
preliminary choice of the mode by allowing the user to choose the preferred risk
allocation models. The tool then highlights the parts which are not in line with the
chosen mode and the associated typical risk allocation. The PPP Suitability Filter
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represents the preliminary qualitative value-for-money assessment which serves as a test
of whether the project is suitable as a PPP or not. Users can answer a series of questions
about the project and assess the level of difficulty to be delivered as a PPP on the scale
from “NO GO” to “very attractive.”

The Financial Viability Indicator Model represents the quantitative assessment of a
project’s financial feasibility delivered as a PPP. Users can test user-level charges,
evaluate a project’s viability for the private partners, estimate the level of public
support, and conduct sensitivity analysis of proposed financial schemes. Users have to
provide an initial setup of the model to specify if the project involves capital
expenditures, if it involves user charges, and if it is a brownfield or a greenfield project.
Based on this initial setting, users further provide input data about the project such as
the concession period, macroeconomic variables, traffic forecasts, capital expenditures,
contingencies and insurance charges, financing structure, operating costs, and revenue
options and outcomes. All of these input data are deterministic values. Results consist of
a set of accounting ratios such as debt service coverage ratio, loan life cover ratio, return
on assets, net profit margin, and return on equity. Also, results cover a set of output
parameters related to the project, such as the project’s internal rate of return and net
present value, and shareholder accounts, such as the equity internal rate of return and
the equity net present value.

For the traffic forecasts, users can specify up to five different vehicle categories and
road parameters (e.g., length, number of lanes, number of toll plazas). Traffic growth
can be specified by the vehicle category and by phases, i.e. a project’s operational life
can be divided into phases (up to three). Users can also specify the price elasticity of
demand, i.e., the percent at which the traffic demand will change if the toll changes by
1%. Tolls can be specified by the vehicle category and by the phase. Discounts on user
charges can be taken into account by specifying the percent of the discount (for
example, for monthly passes) and the percent of users who use these discounts.

The Value for Money Indicator Tool presents a quantitative test which compares the
costs of the traditional procurement option and the PPP option. Major risks which this
tool considers are construction costs and time overrun, traffic risks (shortfall in traffic
volume and revenue), operational expenditure risks, and the renegotiation risks. All of

these risks are assumed to be random variables with bell shaped curves. Input for these
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risks considers specifying the mean and the standard deviation. Financial output from
this tool serves as the input for the calculation of the value-for-money (VFM), which is
the difference between the net costs to the public if the project is publicly delivered and
managed and if the project is delivered as a PPP. The Readiness Filters include a series
of checklists and questionnaires for testing the level of a project’s readiness at major
steps in the process. The main purpose is to monitor the quality of the project
preparation process.

Toll rates

Models for establishing toll rates can be classified into supply-based and demand-based
categories (Gross and Garvin 2009). Average-cost pricing models belong to the supply-
based category. These models set tolls at the levels adequate to cover operations and
maintenance costs and, optionally, a project's capital expenditures. Marginal-social-cost
and revenue maximizing pricing models fall into the demand based category. Both
models take into account the demand elasticity. Marginal-social-cost models recognize
the relation between toll levels and traffic congestion and set levels of tolls based on the
impact of traffic on the surrounding environment. On the other hand, revenue-
maximizing models base the pricing scheme on the drivers value of time and vehicle
operation costs. Under various scenarios of traffic demand and toll rates, tolls are set to
the levels which provide the highest revenue for the operator. Although the revenue-
maximizing pricing approach is the most attractive for the concessionaire, the public
sector often sets restrictions on the pricing scheme during the concession duration.
Yescombe (2007), for example, recognizes three ways for setting the levels of toll rates
for a concession project: (i) competitive bidding which results in a fixed initial toll rate
that can be adjusted only for the inflation rate; (ii) bidders having the freedom to set
tolls; and (iii) the public authority setting the toll levels based on the national road
strategy.

However, the impact of incorrect estimates of toll rates can be significant. For example,
an analysis road concessions in Spain, Baeza and Vassallo (2010) found that 50% of
renegotiations of concession contracts ended up with an increase in toll rates. Another
example is an empirical study on the diversion of trucks from tolled highways to non-
tolled roads due to substantial rises in toll rates (Swan and Belzer 2008). The results

suggested that truck diversion is likely to take place if there is a substantial increase in
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toll rates, which consequently may lead to safety issues and increased costs of freight
transportation. Also, the increased maintenance costs of non-tolled roads due to an
increased number of trucks place additional pressure on the budget available for the
maintenance of the non-tolled road network.

Toll elasticities

Analyzing the price elasticity of travel demand, Hirschman et al. (1995) provided an
empirical study on the sensitivity of traffic volumes with respect to the level of toll
rates. They applied a multiple linear regression analysis to a time series of traffic
volumes on bridges and tunnels in New York City. The authors included in the analysis,
in addition to toll rates, four independent variables: employment, motor vehicle
registration, subway fare, and gasoline prices. The analysis showed very low toll
elasticities. For the data analyzed, an increase in toll rates did not have a substantial
impact on traffic volumes, which seems to be typical for commuter traffic, as is mostly
the case for New York tunnels and bridges.

The price elasticity of travel demand consists of several elasticities, i.e., cost
components: operating costs, parking, tolls, travel time, accidents and insurance, and
wear and ownerships (Burris 2003). The empirical estimates from various tolled
facilities in the USA show toll elasticities in the range from -0.03 to -0.35 with, for
example, less than -0.05 for the San Francisco Bay Bridge. Other studies show different
values as, for example, Matas and Raymond (2003), which found a wide range of toll
elasticities across motorway sections in Spain, varying from -0.21 to -0.83. They
concluded that this range of variation can be explained by variables such as those
related to the quality of the alternative roads, the length of the motorway section, and
the location of the motorway (e.g., a tourist area). The more congested the alternative
roads are, the higher the time benefits of using the tolled motorway will be, with
demand consequently being more inelastic. They also concluded that the average
aggregate toll elasticity cannot be used for the evaluation or forecasting purposes.
Similarly, Noland (2001) conducted an empirical study to test statistically whether an
increase in highway capacity induces additional traffic growth. The analysis included
data on lane mileage and vehicle-miles traveled (VMT) in the US. The multiple linear
regression model also included data about the population, per capita income, and the

cost of fuel as independent variables. The estimation of elasticities provided results
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which clearly indicate that an increase in the highway capacity has an impact on VMT,
thus increasing traffic on the highway.

Estimating optimal toll levels

Investigating the nature of PPPs, Yang and Meng (2000) developed a mathematical
framework for the feasibility assessment of a new project as a function of optimal
capacity and optimal toll rates, thus the maximizing profit and social benefit increment.
This approach is useful for solving the issue of the different objectives of the public
sector and the private firms, where the public sector is seeking a socially acceptable
project while the private firms are looking for the maximization of revenues.

Chen et al. (2001) extended this framework and included a simulation of traffic demand
as a random variable. A standard normal distribution is used to model traffic forecasts.
The optimal tolls and capacity probability distributions were obtained by solving the bi-
level programming problem. Both probability distributions are bell shaped curves where
the optimal capacity curve has a higher variation than the optimal toll capacity. The
authors introduced the term "risk elasticity" as the measure of changes of profit standard
deviation to changes in standard deviations of tolls and capacities. It is found that
variations in capacity have a greater impact on profit variations than toll changes.
Subprasom et al. (2003) further extended the developed bi-level mathematical
framework by including multiple uncertainties: forecasted travel demands, cost
estimates, and value of time variations. Chen and Subprasom (2007) set the problem of
finding optimal toll levels in a multi-objective optimization framework with the
following objectives: the maximization of social welfare as the government objective,
the maximization of profits as the private sector objective, and the minimization of
inequality of benefits among road users. The project evaluation framework calculates
three criteria for financial evaluation: the net present value (NPV), the internal rate of
return (IRR), and the break-even year. If the project is not financially feasible, the
calculation process is repeated with different government strategies which can modify
the project's cash flows, e.g., construction costs subsidies, concession period extensions,
etc.

Risks in toll road concessions

Following the concepts of traditional capital budgeting, the total risk of an asset can be

divided between two risk components: systematic and unsystematic (Trigeorgis 1998).
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Systematic (or market, or non-diversifiable) risks are related to the market movements
which affect all securities and cannot be diversified away. Unsystematic (or
diversifiable) risks are related to the variability of factors specific to the company or
industry. These risks can be diversified and eliminated by various techniques such as
portfolio hedging. For example, large construction companies may diversify
unsystematic construction risks across a large portfolio of projects (Blanc-Brude and
Makovsek 2013), while average-sized or local companies may not have the means to
use this risk management strategy.

Based on the extensive literature review of risks in PPP projects in general and transport
PPPs in particular, Pellegrino et al. (2013) grouped risks into four categories: technical,
commercial, economic and financial, and political. Under each category there are
several risks identified, with a total number of 19 risks. The risks in the technical
category are site risks (land use and acquisition/resettlement and rehabilitation risk, site
condition, site preparation), design risks (feasibility approvals, design approvals),
construction risks (cost overrun, delay in completion, failure to meet performance
criteria), and operating risks (operating cost overrun, delays or interruption in operation,
shortfall in service quality). The risks in the commercial category are revenue risks
(changes in taxes/tariffs, demand/usage); the risks in the economic and financial
category are financial risks (interest rates, inflation, exchange rate, debt servicing risk);
and the risks in the political category are regulator/political risks (changes in law,
political issues).

A comparative analysis of PPP highway projects in Portugal, Spain, the United
Kingdom, and Australia shows that these public agencies have 10 common categories of
risks which are evaluated and allocated through PPP contracts: design, land acquisition,
environmental compliance, construction, operations and maintenance, market/demand,
latent defects, change in law, force majeure, and competing facilities (Brown et al.
2009).

The World Bank (2008) provides an example of the risk distribution matrix for PPPs in
roads. This matrix defines 12 types of risk: design, site, construction, force majeure,
revenue, operations and maintenance, performance, external, other market risks,

political, default, and strategic risks.
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Baeza and Vassallo (2010) highlighted several risks typical for toll motorway
concessions: capital cost risks (land acquisition, construction and license approval),
revenue risks, and maintenance and operation risks.

This research will focus on traffic risks, construction risks, and operation and
maintenance risks. Consequently, the following sections will provide some background
on these selected risks.

Traffic forecasts

The history of PPPs in toll roads is full of examples of poor traffic forecasts. Analyzing
traffic data from more than 100 international toll road projects, Bain (2009) reported
that an average ratio of actual vs. forecasted traffic in the first year of road operation is
0.77, i.e., traffic forecasts, on average, had an error of 23 percent. Similarly, Flyvbjerg
et al. (2005) reported that half of a sample of 210 road projects in general had an error
in the traffic forecast greater than 20 percent. For example, in the case of the Dulles
Greenway project, it was estimated that the traffic demand would be 34,000 vehicles per
day and would increase at a 14 percent rate for the first six years (Garvin and Chea
2004). However, the original estimate was found to be too optimistic. The actual
average traffic was only 11,500 vehicles per day in the first six months, less than half of
the estimate (Fishbein and Babbar 1996).

There has been inconsistency even among traffic forecasts for the same road conducted
by different consultants (Bain 2009). For example, four consultant companies provided
traffic forecasts for one toll road. The difference between the highest and the lowest
forecasted values for the first five years of the project's operation was 26 percent. In
2011, a survey was carried out among participants who are associated with transport
modeling (Bain 2011). The goal was to learn their estimates of error range for traffic
forecasts for existing (toll-free and toll) roads and new (also toll-free and toll) roads.
Results of this survey revealed that there was a small, almost negligible, difference
between results for toll-free and toll roads. For existing roads, even the next day forecast
had an error of +7.5 percent. As the forecast horizon increased, the forecast error also
increased. For example, in the first year of the project opening, traffic forecast errors for
existing roads can be expected to have a mean value of £12.5 percent, while this value
for new roads is +17.5 percent. For a forecast horizon of 20 years, these values increase

to £42.5 percent for existing roads and +47.5 percent for new roads. Baeza and Vassallo
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(2010) found that traffic estimates for old concession contracts in Spain, in the period
from 1967 to 1975, were very poor where real traffic was more than 60% lower than the
forecasted level. Since traffic models have been improved, the new modern concession
contracts in Spain, from 1996 to 2010, have an error of 25%.

The reasons for notable errors in traffic forecasts can be varied. For example, Vassallo
(2007) pointed out that, in traffic forecasts for PPP road projects, there are two types of
errors: natural and strategic errors. Natural errors represent inaccuracies of the forecasts
which are the consequence of input and model uncertainties. Strategic errors represent
manipulated traffic projections which are the consequences of strategic behavior of the
stakeholders (for example, a bidder who intentionally increases traffic forecasts in order
to win a tender). Bain (2009) listed some of the common reasons for modeling errors: a
recession or economic downturn which is closely connected with the probable changes
in the land use scenarios; an over-estimation of users' willingness to pay tolls, especially
on roads which are charging higher than average toll rates; the complexity of the project
and its tolling regime; an underestimation of the ramp-up period, etc. A synthesis report
prepared by the US National Cooperative Highway Research Program (NCHRP 2006)
provided an extensive list of factors influencing the traffic forecast performance:
demographic and socioeconomic inputs, travel characteristics, value of time and
willingness to pay, tolling “culture,” ramp-up period, truck forecasts, time choice
modeling, risk, optimism bias, model validation, and peer reviews.

Revenue forecasts are dependent on demand forecasts and the associated assumptions
(NCHRP 2006). This dependence results in a proportional level of uncertainties in both
revenue and demand forecasts. The most widely used model for travel demand forecasts
is the “four-step” model (Meyer and Miller 2001). This model is, with some
modifications, also used for travel demand forecasts for toll roads (NCHRP 2006).
However, there are other models developed and adopted for traffic forecasting purposes.
For example, to model the uncertainty of future revenue, Irwin (2003), in the analysis of
guarantees and other forms of public support for private investments in infrastructure
projects, assumes that the revenue of a toll road project can be modeled as a stochastic
process. Chow and Regan (2009) use, as the key concept in a real options analysis for
managerial flexibility in network investments, a stochastic process such as the

geometric Brownian motion (GBM) to model future demand. For the valuation of
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flexibilities in the decision-making process for highway concessions, Galera and Solifio
(2010) use traffic on the highway as the asset in the real options contract. The forecast
of traffic volume, i.e. the Annual Average Daily Traffic (AADT), was modeled as a
GBM. Moreover, the hypothesis that traffic volumes follow a GBM process was tested
on Spanish toll highways (Solifio and Galera 2012). A sample of 11 highway
concessions was used for the hypothesis testing with the data on AADT which were
available, for most of the case studies, for a period of 30 years. The results showed that
the null hypothesis could not be rejected.

Construction cost

Estimating the construction costs, especially in the early stages of project development,
is a complex task. Many uncertainties are involved, and the estimates require careful
consideration and due diligence in the evaluation process. Through the literature, two
subjects related to construction cost uncertainties can be distinguished: first, the
estimates of total construction costs of the projects, and second, the escalation of
construction costs in transport projects. The first topic is part of the construction
management practice where each project is evaluated for the existence of associated
uncertainties in each cost component, leading to the overall estimate of total
construction costs. The second topic draws on what is learned from statistical analysis
of a large sample of transport projects and the relation between their actual and planned
costs.

Elaborating on the first topic, Molenaar (2005) observed information aggregated in cost
estimates as three cost categories: (i) known/knowns (known and quantifiable costs), (ii)
known/unknowns (known and not quantified costs), and (iii) unknown/unknowns
(unrecognized costs). It is important to consider and merge all three categories in the
early stages of development of a highway project and to aggregate them in the complete
cost estimate. Recognizing this issue, the Washington State Department of
Transportation developed the Cost Estimation Validation Process (CEVP) for an early
assessment of a highway project’s costs while considering various risks. The application
of the CEVP methodology in nine case studies of highway megaprojects shows that
some projects have a bell-shaped curve for the probability density function of total
costs, while other projects have a long tail, or a long tail and a second hump. Although

the probabilistic approach for the estimation of total construction costs by Monte Carlo
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simulations is commonly used, the fact that some of the construction cost components
are correlated is often ignored (Touran 1993).

Flyvbjerg et al. (2003) conducted an extensive statistical analysis of construction costs
covering 258 transport infrastructure projects over the period of nearly 70 years. Their
goal was to test if the costs of transport infrastructure projects performed as planned at
ex-post analysis. Results showed that the construction cost escalation, calculated as the
difference between the actual and the planned cost as a percentage of the planned cost,
is present in all modes of transport covered in the sample: rail, fixed links (tunnels and
bridges) and roads. The distribution of cost escalation is a bell-shaped curve with a long
right tail. For roads, in particular, the cost escalation has a mean of 20% with a standard
deviation (SD) of 30%. The analysis also revealed that the construction cost forecast has
not improved over time and that the magnitude of construction costs overrun has not
decreased over time.

Upgrading the sample presented in Flyvbjerg et al. (2003), Cantarelli et al. (2012a) used
a sample of 806 infrastructure projects worldwide (road, rail, tunnels, and bridges), out
of which 537 were road projects. The mean cost overrun for roads is 19.8% with an SD
of 31.4%, the lowest value of the four project types.

A similar study covered 78 Dutch infrastructure projects (Cantarelli et al. 2012b).
Construction cost escalation is examined in relation to three independent explanatory
variables: (i) project type (road, rail, and fixed links), (ii) project size, and (iii) the
length of the project implementation phase. The sample size for road projects is 37
projects. First, road projects have the highest frequency of cost overruns. However, the
mean value of cost overrun for road projects is not among the highest: the mean is
18.6% with an SD of 38.9%. Odeck (2004) analyzed construction cost overruns as the
difference between estimated and actual costs in a sample of 620 completed road
projects in Norway over the period 1992-1995. Results showed that 35.48% of the
projects have cost underrun with a mean of -15% of cost underrun, 12.1% of projects do
not have cost overrun, and 52.42% of projects have cost overrun with a mean value of
25%. Baeza and Vassallo (2010) found that capital cost underestimates are constantly

present over the years in toll road concessions in Spain.
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Operation and maintenance costs

Operation costs include costs associated with the business of running the project and
collecting tolls. For example, operation costs can include, among others, transaction
costs for each electronic toll collection, e.g. $0.085 per transaction (Beaty and Lieu
2012). They can also include marketing costs, courtesy patrols, and other costs tied to
the organization which operates the facility. Operation costs can be assessed as the
percentage of the annual revenue or construction costs. For example, Peng et al. (2014)
adopted a rough estimate of operation costs as 7% of the annual traffic revenue. The
FHWA PSC Tool assumes that annual operation costs are equal to a certain percentage
of construction costs; the same assumption is made for routine and periodic or
preventive maintenance costs (FHWA 2013b). Pantelias (2009) calculated the operation
costs as a certain percentage of construction costs adjusted over time for inflation. For
the Trans-Texas Corridor case study, the author used 3.5% of the construction cost as an
approximation for the operation cost. Amdal et al. (2006) conducted an analysis of
operating costs of the toll companies. Data were obtained from 26 Norwegian toll road
companies. The main issue was to identify whether toll collection is affected by
economics of scale and to identify economic, technological and institutional variables
that affect operating costs. The results of the regression analysis indicated that the total
number of paying vehicles per year, the share of vehicles using an on-board unit, and
the competitive tendering for toll collection services as dummy variable were
statistically significant. Also, the number of lanes, the debt level of the toll company,
the use of a passenger-charging system, and whether the project uses a toll cordon or not
will affect the average operating cost of the toll company.

Maintenance costs include the costs of activities to preserve the road conditions at a
certain level of service. Road maintenance can be divided into several categories:
routine works, periodic works, special works and development (World Bank 2014).
Routine works are performed on a yearly basis and include works such as culvert
cleaning and patching. Periodic works are carried out at intervals of several years with
the goal of preserving the structural integrity of the road and include resurfacing,
overlay, and pavement reconstruction. Special works include activities such as
emergency works and winter maintenance. Development includes construction activities

as part of the national development plan (e.g. the paving of unpaved roads in rural
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areas). Maintenance costs can be estimated as a function of traffic volumes and
construction costs. For example, Heggie (1995) uses a function of traffic volumes to
estimate routine maintenance costs. Peng at al. (2014) use a function of both
construction costs and traffic volumes for the estimate of annual maintenance costs.
Pantelias (2009) estimates both routine maintenance and rehabilitation costs as
percentages of construction costs adjusted over time for inflation.

Summary

The literature review reveals the complexity of PPP agreements in transport
infrastructure. This complexity is present in all aspects, starting from the definition of
PPP, which may vary from country to country, to the risks which need to be accounted
for during the preparation, delivery, and operation of a single project.

The existing tools in use for the assessment of a project’s feasibility, i.e., a project's cash
flow, lack the application of advanced probabilistic models. The more sophisticated
multi-objective optimization models include multiple uncertainties in the optimization
problem. However, these advanced models may seem complicated for wider use, as
results are not easily transferred into easy to use information for decision making.
Information about optimal toll rates fulfilling different objectives for different
stakeholders does not provide an answer to a simple question: what is a viable toll rate
for a particular PPP project? This research addresses this issue and highlights the
importance of the assessment of this parameter as a representation of a project's
sustainability over time.

The literature review on risks in toll road concessions highlights presence of a number
of risks. Models for estimation of selected risks are further reviewed. Information
gathered in the presented literature review provides a background for the development
of the methodology and an introduction to the uncertainties in the mathematical models
used in this dissertation. The following chapter explains step-by-step the methodology

for the assessment of an acceptable toll rate.
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CHAPTER I1I
RESEARCH METHODOLOGY

This research is accomplished through several steps. After an extensive literature review
which formed the basis for further research, the research framework can be defined. It
introduces the model boundaries and examines these boundaries within the complex
structure of PPP toll road projects. Further, the research methodology is developed with
an explanation of the main steps for the assessment of an acceptable toll rate, i.e., a toll
rate that is acceptable to all stakeholders. This chapter is dedicated to the detailed
presentation of the research framework and the research methodology.

Research framework

PPP projects must define the interaction between several different aspects of the
projects. In order to ensure project success, each segment of a project has to be properly
addressed. The following aspects are considered in this research are: (i) project time
frame, (ii) risk management context, (iii) stakeholder’s network, and (iv)
implementation context. These aspects define the framework within which this research
is conducted.

The time frame is an important component of PPP projects since the life span is very
long, from the project development to the decommissioning event. In some cases, the
life of the PPP is not even determined in advance but depends on the achievement of
certain thresholds, for example, of demand or revenue. Risk management in PPPs, one
of the main features of PPP contracts, defines the unique risk-sharing mechanism
between the public and the private partners. PPP projects usually involve several
stakeholders, each one with levels of participation changing over a project’s life (South
et al. 2015). Implementation context represents a group of settings within which the
project is developed and implemented. Regardless of whether they are project- or
country-related, these settings can be categorized as technical, financial, social,
economic, political, or legal.

Technical settings represent project parameters such as the project size, complexity, and
costs. Financial settings represent the project’s financial soundness, the level of
development of local financial markets, the availability of debt and equity providers,

and all other factors which can affect the project’s financial outcome. Social settings are
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rather twofold: one is the social acceptance of the project in general and the toll rates in
particular, and the other is the impact that the project has on society. Economic,
political, and legal settings are country-specific. The following headings present how
and where the developed methodology fits within these aspects of a project.

Time frame: A PPP project’s life cycle can be divided into four phases as shown in
Figure 1: phase I is the project’s development which includes an early assessment of the
project’s economic, social, financial, and technical aspects; phase II represents the
detailed preparation and procurement phase; phase III is the construction phase; and
phase IV is the operation and maintenance phase. The developed methodology focuses

on Phase I: the project development and the preliminary assessment.

iU NI EII - O O R R O R R O RS T - . - —
| Project | Detailed . Operation and |
: Construction -
| development |  preparation maintenance |
b o o o o b o o o e e - — o
PHASE I PHASE 11 PHASE III PHASE 1V

Figure 1. PPP project life cycle

As the project progresses and some of the uncertainties are resolved, e.g. a better
estimation of construction costs and maintenance costs during the detailed preparation
(phase II) or obtaining the final value of construction costs at the end of the construction
period (end of phase III or beginning of phase V), the estimated values can be updated
in the model. It is also recognized that this methodology can be used during the
operation phase, especially during the project’s ramp-up phase when fluctuations in
traffic volumes are still considerable. Also, if the concept of staged development is
considered as one possible scenario, i.e., the option to expand the road capacity during
the operation and maintenance phase, this methodology can be used for the assessment
of anticipated uncertainties in traffic volumes after the expansion and associated
assessment of toll rates.

Risk management: Regarding the most important aspect of PPP projects, several risks

are addressed in this research: traffic risk, construction risk and operation and
maintenance risk. Traffic risk is considered a major risk in road concessions. As traffic
and revenue risks are correlated for toll roads, then both traffic and revenue risks
represent the variability of cash flows needed for debt servicing during a project’s life.

The traffic risk is modeled as the stochastic variable.
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Second, construction risk represents the variability of estimates of upfront investments.
The role of this risk is twofold: (i) it represents the project’s technical risk which is
managed with traditional construction management practices; and (ii) it is the financial
risk as construction costs are capital expenditures and thus significantly affect estimates
of the project’s debt.

The third type of risk considered is operation and maintenance risk, which represents
the risk of variability in ongoing expenditures, thus influencing the available cash flows
needed to cover ongoing debt service and to provide adequate equity returns. All three
risks represent risks related to the project’s financial structure.

Stakeholders’ network: Each infrastructure project involves several stakeholders with

different levels of involvement. Stakeholders’ interrelations are dynamic and evolve
over a project’s life (South et al. 2015). In the example of toll road SR91 in California,
South et al. (2015) showed how the stakeholders’ dynamic looked over the project’s
life. In the first phase of the project development, three groups of stakeholders were
involved: sponsor (public), developer (private), and users (civic). Later, two more
groups became involved: investors (private) and operator (private).The methodology
developed in this research is of direct interest for the public and the private entities,
users, and potential investors.

Implementation context: This research addresses the following aspects of the project

implementation: (i) for the technical aspect, the model takes into account a project’s
construction and operation and maintenance (O&M) costs; (ii) for the financial aspect,
the methodology is based on the financial model for an early assessment of a project’s
financial soundness; and (iii) for the social and economic aspect, the methodology
provides an option to take into consideration the socially acceptable toll rate, even at the
early stages of a project’s financial feasibility assessment. Economic aspect of the
project implementation context also has its role in the model. In some cases, the public
sector may consider financial support for the project to foster economic development of
the region. Also, some input parameters are country-economic parameters, such as the
inflation rate, the corporate tax rate, the state discount rate, and the VAT rate. The

political and legal aspects are not part of this methodology.

30



All of these elements represent the model boundaries within which this research is
developed and implemented. The following section introduces the methods used in this
research.

Research methodology

For the development of the methodology for finding the acceptable toll rate for projects
using a PPP scheme, the financial model of the Toolkit for PPPs in Roads and
Highways (World Bank and PPIAF 2009) was used as a starting point. The Toolkit
includes a financial simulation model presented in two forms, Graphical and Numerical.
The Graphical Model is used as a diagnostic tool for preliminary assessments, while the
Numerical Model is more detailed and can serve as a first project analysis at the pre-
feasibility level.

The proposed methodology is presented in Figure 2. In the first step, toll rates are
expressed as a function of other input parameters using the background mathematical
settings from the Graphical Model. This is a new deterministic model that calculates the
minimum toll rate for a given set of project parameters and for the minimum required

values of financial constraints.
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Figure 2. Methodology for the assessment of the acceptable toll rate

Further, an analysis is conducted to test the sensitivity of toll rates to changes in
technical and financial parameters which are modeled as deterministic values.
Sensitivity is expressed through the calculation of different elasticities which reveal the
sensitivity of toll rates to changes in other parameters in the model. In the next step,
some input parameters are modeled as random variables. The model takes into account

the estimates of traffic volume, construction costs, operation and maintenance costs, and
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their variability. Toll rates are determined from the probability distribution obtained
from simulation. This approach enables the analysis of the possible range of toll rates,
given the project’s risks and how the socially acceptable toll rate fits the financially
required toll rate.
Trigeorgis (1998) explained the traditional approach for the Monte Carlo simulation
technique in the analysis of managerial flexibility through several steps:
1) Modeling the project through the mathematical equations and
identification of primary variables;
ii) Defining the probability distribution of primary variables. It is useful to
conduct sensitivity analysis prior to simulation to confirm the importance of
selected variables and to observe if other variables may be of importance. Also,
the dependence between variables should be recognized;
i) Drawing random samples from the probability distribution of selected
variables to enable the calculation of interest;
iv) Repeating the process as many times as needed, each time storing the
results, and obtaining the probability distribution of interest along with the
expected value, standard deviation, and other statistics.
The adopted methodology in this research is in line with the described procedure,
confirming the logic behind the development of the methodology and its intended
application.
Validation procedure
Model validation represents the process which demonstrates how reasonably the
developed model predicts the actual performance (NCHRP 2006). The first validation
process is applied to the mathematical models for the calculation of toll rates. The
models are checked for logical inconsistencies. As a second validation, the developed
methodology is tested on two case studies of road projects which are currently under
operation. The basic idea is to run developed methodology with project data from an
early assessment, such as forecasted construction costs and traffic volumes, and to
compare results with real expenses and traffic volumes, if this data is available. The
distribution of toll rates obtained from simulations is compared with the current toll

rates.
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Summary

This chapter is dedicated to the research framework and the research methodology. It
explains the model boundaries and steps which are followed in the model development
based on the probabilistic approach. The mathematical background is presented in the
next chapter as the first step of the methodology. It serves as the basis for both the

deterministic and stochastic approaches.
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CHAPTER 1V
DETERMINISTIC MODEL

The 2™ edition of the World Bank (WB) Toolkit for PPPs in Roads and Highways,
published in 2009, is used in this research.
Mathematical background
Step 1 in the research methodology is to use the WB Toolkit for setting the
mathematical background and defining the problem. The model is derived from the
Toolkit's Graphical Model which includes 18 input parameters, all of which are
deterministic values. These parameters can be divided into four different groups:
1) technical parameters of the project: concession life, construction cost,
construction period, distribution of works during the construction period,
operation cost, initial daily traffic, traffic growth, and toll rate;
i) the financial structure of the project with two input values: percent of
equity and percent of government subsidies (the percent of debt is implied, as the
total is equal to 100 percent);
i) the debt structure with four input parameters: debt maturity, interest rate,
type of repayment, and grace period; and
iv) country specific economic parameters: inflation rate, corporate tax rate,
state discount rate, and VAT rate.
The Graphical Model calculates key financial parameters of the project for the given set
of input values. These financial parameters are the project's financial internal rate of
return (FIRR), the equity internal rate of return (return on equity, ROE), the annual debt
service cover ratio (ADSCR), and the loan life cover ratio (LLCR).
The debt service cover ratio (DSCR) measures a company’s ability to meet the periodic
interest and principal payments on its debt from available cash flows for a particular
period (Delmon 2009). The most common approach is to examine the annual debt
service cover ratio (ADSCR). The loan life cover ratio (LLCR), for a given year, is the
present value of cash available for debt service (CADS) up to the debt’s maturity
divided by the outstanding debt at the date of calculation. The rate of return is the ratio
of expected earnings or losses on an investment relative to the amount invested. The

project’s internal rate of return (/RR) represents the discounted rate for which the net
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present value (NPV) over the project life is equal to zero. The IRR is the compounded
rate of return which can be earned on both the debt and equity invested. The return on
equity (RoE) is the rate of return which can be earned on the equity only.

On a trial and error basis, one can determine the minimum toll rate which will satisfy
the predefined financial constraints. In other words, for the chosen set of input values,
one can find the toll rate so that the FIRR, ROE, ADSCR and LLCR are above the
minimum required values. This feature of the Toolkit serves as the starting point for the
development of the deterministic model. The problem is set as calculating the minimum
toll rate which will satisfy predetermined values of financial constraints instead of
finding that toll rate on a trial and error basis. The mathematical relations between the
input parameters and the financial parameters implemented in the Toolkit are used for
this purpose. First, it is observed how financial constraints are calculated in the Toolkit.
Annual debt service cover ratio

If i is a year of a concession’s life i =1,...,7 where the first year represents the start of

the construction phase and 7' represents the end of a project’s operational life, then

ADSCR, is defined as the following:
ADSCR; = 2454 ywhere i = CP + 1,...,T (1)

where CP is the construction period, CFj ; is the cash flow before debt service in year i
and DS; is the debt service in year i. Further, CF}; is defined as

CFpgs; = R; — 0C; — Tax;,wherei =CP +1,...,T )
where R; is revenue in year i, OC; is operating cost in year i and Tax; are taxes in year i.

These parameters are defined as

R; = 365 * AADT; * t,.; = (1 + inf)" 3)
AADT; = AADT, * (1 + 1)} 4)
0C; = (P; + a * AADT; + 0;) * (1 + inf)* (5)
Tax; = PRyt j—q * Cyy (6)

where i=CP+1,...,T, AADT;is the annual average daily traffic in year i, #,, is the toll rate
(VAT excluded) in year i, inf is the inflation rate, r is the traffic growth rate, P; is the
principal repayment in year i, a is the variable part of a project’s maintenance cost, O, is

the operation cost in year i, PRy, ;.; is the profit before taxes in year i-/, and C,, is the
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corporate tax rate. The toll rate #.; is the weighted toll rate, i.e., weighted across
different categories of vehicles. The profit before tax PRy, ; is calculated as

PRyt i1 =Ri_1—0Ci_y —Aj_1 — I;_y,wherei=CP +1,..,T (7
where A;.; is the amortization in year i-/ and /;; is the financial cost in year i-/, or, in
this case, interest in year i-/. The amortization is calculated over the amortization period
AP=T-CP and is equal to

CP , CP
(1-18)>.CC,(1+inf) +> .CI,,

A. — i=1 i=1 8
: 1P (3)

where IS is a percentage of investment subsidies, CC; is the construction cost in year i,
and Clp; is the capitalized interests on debt in year i. If a debt service in year i is defined
as DS =I;+P;, where P; is a principal repayment in year i, then Equation 1 can be
rewritten as

ADSCR; = tr,i365(AADT;(1+inf) '~ AADT;_1 Cer(1+inf)=1)=0C;—(=0C;_1—Ai_1—1;—1) Cer ©)

I;+P;

where i=CP+1,...,T. During the analysis of a project’s financial feasibility, ADSCR is
defined in advance and set at a minimum required value. Then, its value is checked for
each year of the project’s operation to see if it is equal or greater than that minimum
required value. In this research, the objective is to find the minimum toll rate which
satisfies the minimum required value of ADSCR in each year of the project’s operation.
To find this value, Equation 9 needs to be rearranged so the toll rate can be calculated

for the given ADSCR and it becomes

__ ADSCR(1;+P))+0C;+(-0C;_1—A;_1—1;_1)Ctr
"L 365(AADT;(1+inf)i—AADT;_; Cer(1+inf)i-1)’

i=CP+1,..,T (10)

The toll rate has to be equal to or greater than the expression at the right side of
Equation 10 for each year of the project’s operational life in order to satisfy the given
constraint. Let us denote the toll rate for the given ADSCR as ¢/”***. From Equation 10,

ADSCR

r,i

toll rates are calculated for each year of the project’s operational life ¢ which gives

a set of solutions. Here, the solution to the problem is the maximum value of the toll
rate from the obtained set of solutions:

(/7 = max (17°%)i = CP+1,...T (11)

r r,i
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Loan Life Cover Ratio
Similarly, the mathematical relations for other financial constraints from the Graphical
Model of the Toolkit are also analyzed. Let us define LLCR; in year i as the following:

NPV(CFpgs,i)

LLCR; = “225

,i=CP+1,..,T (12)

Comparing Equations 1 and 12, it can be observed that the calculation of both ratios
takes into account the available cash flows and outstanding debt or principal
repayments. If the project’s financial profile fulfills the requirements for ADSCR, and
given that LLCR is typically set to about 10% higher than ADSCR (Yescombe 2007), it
can be assumed that the requirements for LLCR will also be fulfilled. For this reason,
the calculation of the minimum toll rate for a given LLCR is not further considered.
However, this assumption can be relaxed by checking the value of LLCR once the
minimum required toll rate is determined. This also holds for other financial indicators
which are not considered in this research.

Internal rate of return

The next constraint which is taken into account is a project's /RR. It can be argued that
the /RR is a result of the given cash flows rather than a constraint for the financial
analysis. Here, however, it is assumed that the stakeholders are interested only in
projects which will generate adequate return. Investors are aware, even in the early
stages of project development, which value of IRR is acceptable based on the planned
mix of equity and debt funding. Thus, the /RR as a constraint is kept in the model.

The Toolkit calculates the /RR both in nominal and real terms. Here, the IRR expressed
in real terms is considered for calculations. The /RR is the discounted rate for which the

project’s NPV over the project life is equal to zero:

T+1 OCF;Z?(li,l _ (13)

=1 (1+1rRreat)’

where OCF’* . is the operating cash flow in year i expressed in real terms without

woid ,i
interests on debts.
Taking into account inflation inf and assuming it is constant over a project’s life, the

relation between the operating cash flows in real terms and nominal terms is

OCFTlOm

0 CFreal woid,i (14)

woid,i — (1+inf)i

where OCF."?" is the operating cash flow in nominal terms without interests on debts;

woid
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—CC;(1+inf),i=1,..,CP

) 15
R, —0C;— Tax}?{,i=CP+1,..,T+1 (15)

nom __
oc woid,i — {

woid
c,i—1

where CC; is the construction cost in year i, and Tax."| is the corporate tax rate without

interests of debts calculated for year i-/ and paid in year i;
Tax¥? = PRYZI, « C,, (16)

where PR;)%, is the profit before taxes without interests of debts in year i-7; and

PRyi%) = Rioy = 0Ciy — A5 (17)
where 4" is the amortization in year i-/ without financial interests. Amortization is

calculated over the amortization period as

ia _ 2E5 cciiting)
A\l_/v_oll — Zi=1 ;P (18)
Then, Equation 13 can be rearranged and rewritten as follows:

41 —CCi(A+Nf)+£,365(AADT;(1+inf)! = AADT;_; Cpr (1+inf)1"1)-0C;—(-0C;_y ~A¥54) Cer
i=1

=0

(1+inf)i(1+1RRreal)i
19)

Again, if the toll rate is assumed to be constant over the concession period, then

Equation 19 has a closed form solution:

—cc;(a+inf)l-0¢;-(-0c;_;-A¥9 ) cyy

T+1
i=1

(1+inf)i(1+IRRTeal)L 20
741365(AADT;(1+inf)i=AADT;_, Cy(1+inf)i=1) (20)

t, =
Xicq

. 1A
(1+inf)i(1+IRRTEAL)

The toll rate from Equation 20, the toll rate for the given /RR in real terms, is denoted as

IRR
P

t
Return on equity
The last constraint from the Graphical Model of the Toolkit is the equity /RR or return
on equity (RoE). The RoE can be calculated as the rate of return when the NPV of cash
flow available for distribution among shareholders is equal to zero:

?:11 e/ =0 21)

(1+RoETeal)

where SCF¢® is the cash flow available for distribution among shareholders in real

real
Ei

terms and Ro is also in real terms. The cash flow available for distribution among

shareholders SCF]®* in real terms is
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real _ SCFinom
SCF] = T (22)

where SCF/*™ is the cash flow available for distribution among sharecholders in

nominal terms;

—E,i=1,..,CP

nom __
SCF™™ = {Di —E.;i=CP+1,..,T+1

(23)

where E; is the equity in year i, D; are the dividends in year i and E,; is an equity
redemption in year i. Dividends D; are defined as

D;i=(R;—0C;—A; —I))(1 —Tax,) (24)
Equation 21 then becomes

T+1 —Ei—Er'i+365tr‘iAADTi(1+inf)i(l—TaxC)—(OCi+Ai+Ii)(1—TaxC) _
i=1 . : i -
(1+inf)i(1+RoETeal)"

0 (25)

Following the previously introduced assumption that the toll rate is constant over the

concession period, Equation 25 has a closed form solution:

2T+1Ei+Er'i+(OCi+Ai+Ii)(1—TaxC)
i=1

(1+inf)i(1+RoETeal)i 26
T4+1365AADT;(1-Taxc)(1+inf)l (26)

t, =

(1+inf)i(1+RoET9al)i
Solution of Equation 26, the toll rate for the given RoE in real terms, is denoted as¢*** .

The solution to the problem of finding the minimum toll rate which fulfills given
financial constraints is the maximum value of the three toll rates:

t, = max(tAPSCR tIRR tROE) 27)
Equation 27 concludes Step 1 of the methodology. Knowing the value of the weighted
toll rate which fulfills the predefined constraints for ADSCR, IRR and RoE, makes it
possible to analyze the sensitivity of toll rates to changes in other parameters in the
model. For example, one can observe the sensitivity of the minimum financially
required toll rate to changes in construction costs. The results of this and similar types
of sensitivity analysis are presented in the following sections.

Model validation

Before continuing with the analysis of the sensitivity of toll rates to changes in selected
parameters, one needs to test the presented mathematical model. The validation method
chosen was a direct comparison of results obtained from Equation 27 and the results
from the Toolkit for the same input parameters. Table 1 presents a summary of these

input parameters. The values of construction costs and initial traffic are changed within
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ranges presented in Table 1. This analysis enabled the comparison of 32 different results
for toll rates.

Table 1. Input parameters for the deterministic model validation

A. Project Parameters

Concession term = 20 years

Construction cost = $1 million per km to $8 million per km
Construction period = 2 years

Distribution of works during the construction period = 1st year 50%, 2nd year 50%
Operation costs= $100,000 per km per year (no variable costs)
Equity=30% of the construction cost

Government subsidies to the capital costs=10% of the construction cost
Initial traffic=5,000 vehicles per day to 20,000 vehicles per day

Traffic growth=3% per year

Inflation=6% per year

Value added tax (VAT)=18%

Corporate tax = 10%

B. Loan Terms

Type of repayment = level-annuity basis (principal + interest = constant)
Nominal Interest rate=10% per year

Grace period=4 years

Repayment period=14 years

C. Financial Constraints

Financial internal rate of return of the project (FIRR) >12%
Return on equity (ROE) >16%
Annual debt service coverage ratio (ADSCR) >1.2

Results from this analysis are presented in Table 2. The analysis revealed that
differences between toll rates calculated from the Graphical Model of the Toolkit
(“Toolkit” raw in the table) and the deterministic model (“Model” raw in the Table) are
in range from $0.0001 to $0.0018 per vehicle per kilometer. These differences are not a
consequence of a random component of the Toolkit or the model because there is no
such component. It is rather the consequence of rounding the numbers in the Toolkit
calculations. The Toolkit has predefined increments for each input value including the
increment for the toll rate. If the constraint for the /RR is set to 12%, it is likely that the
calculated /RR in the Toolkit is a little bit higher than 12%. The user has to find the toll

rate which calculates the value of this constraint on a trial and error basis. On the other

40



hand, in the deterministic model the toll rate is calculated directly based on predefined
equations. These different approaches of finding the toll rate, one method using trial and
error basis and the other by calculating it directly, causes the difference between the
values. For this reason, no statistical analysis of errors or test for goodness of fit have
been undertaken.

Table 2. Toll rates obtained from the Graphical Model
and from the deterministic model ($/veh/km)

Initial annual average daily traffic A4DT, (vehicles per day)

5,000 10,000 15,000 20,000
10 Toolkit 0.139 0.07 0.047 0.035

T Model 0.1386 0.0693 0.0462 0.0346
f 20 Toolkit 0.224 0.112 0.075 0.056
217 Model 0.223 0.1115 0.0743 0.0558
E 30 Toolkit 0.309 0.154 0.103 0.077
= ) Model 0.3075 0.1537 0.1025 0.0769
5 40 Toolkit 0.393 0.197 0.131 0.099
% ) Model 0.3919 0.196 0.1306 0.098
:;;" 50 Toolkit 0.478 0.239 0.16 0.12
S ) Model 0.4763 0.2382 0.1588 0.1191
.g 6.0 Toolkit 0.562 0.281 0.188 0.141
= ) Model 0.5608 0.2804 0.1869 0.1402
g 70 Toolkit 0.647 0.324 0.216 0.162
E ) Model 0.6452 0.3226 0.2151 0.1613
o 2.0 Toolkit 0.731 0.366 0.244 0.183
' Model 0.7297 0.3648 0.2432 0.1824

Although the presented results are just a comparison between two models, they show
that for a sample of 32 results, there is no inconsistency between the models. This
sample size can be considered satisfactory because of the broad range of values.

One more method for model validation is used: checking the model for extreme values.
The model was tested using extremely low or high traffic volumes. One scenario is that
if there is almost no traffic, it is expected that the toll rate would be extremely high. The
other scenario is the extremely high traffic volumes, when it is expected that the toll rate
would be very low. In the case when the A4DT) is set to zero, the deterministic model
gives an output for the toll rate as infinite, which corresponds to the expected output.
The other case, when AADT, was set to 1,000,000 vpd, the deterministic model
calculated the value for toll rate close to zero, which is, again, in line with expectations.

The Graphical Model of the Toolkit does not have an option to provide an input for
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traffic volume as zero or one million vehicles per day; it has a predefined range of
values. For this reason, the Graphical Model could not be tested with extreme case
scenarios.
Model limitation
The following factors can be considered as the limitations of the model in its
representation of real cases:
- the toll rate is adjusted only for inflation over the concession period;
- all input parameters are deterministic and adjusted over the concession period
only for inflation;
- the model considers only a single road project and the behavior of the project
within its own scope, regardless of its position within the network;
- it does not have a feature to take into account price (toll rate) elasticity of
demand; however, as found in the literature, including elasticities is not
recommended for forecasting purposes;
- there are no options to include major maintenance costs (reconstruction or
rehabilitation costs) during the concession life; nevertheless, if such costs are
annualized, they can be added to the O&M costs.
Sensitivity analysis
Step 2 of the presented methodology is a sensitivity analysis. The sensitivity of toll rates
to changes in some of a project’s parameters is assessed through the estimation of

elasticities (Vajdic et al. 2012). The elasticity &,,o0f parameter x to a change in

parameter y can be expressed as follows:

Ax

exy = f:;’, (28)
Yo

where Ax is a change in the parameter X, and x is its initial value; Ay is a change in the
parameter y, and Y, is its initial value. Here, elasticities represent the percent change in
the toll rate due to a percent change of some technical or financial parameter, e.g., initial
daily traffic. It is expected that results from this analysis will help identify the
relationships between parameters of interest and values of toll rates.

First, toll rates were reviewed as a function of construction cost and initial daily traffic.
This analysis serves as the basis for a better understanding of the toll rate sensitivity

with respect to variations of construction costs and initial daily traffic. The initial daily
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traffic is expressed as 44DT) at the toll road opening year, while toll rates are expressed
as the weighted average toll rate (wat,) in US dollar per vehicle. Assuming that traffic
on the observed road section can be represented as a mix of cars, trucks and buses, the
wat, per vehicle is defined as follows:

(%CHtE+%T=tT +%B*tE)
100

wat, = (29)
where %C is the percentage of cars, %7 is the percentage of trucks, and %B is the
percentage of buses; tf , trT and tf are the toll rates for cars, trucks, and buses,

respectively. Table 3 summarizes the input parameters and constraints which are used in
this analysis. Values are assumed for a sample project with a relatively high percentage
of government subsidies and high interest rates, indicating the potential implementation
scenario in countries with transitional and developing economies.

Table 3. Project input parameters (Vajdic et al. 2012)

A. Project Parameters

Concession term = 20 years

Construction period = 2 years

Operation costs = $100,000 per km per year (no variable costs)

Distribution of works during the construction period = 1st year 50%, 2nd year 50%
Equity = 40% of the construction cost

Government subsidies to the capital costs = 40% of the construction cost

Traffic growth = 4% per year

Inflation = 4% per year

Value added tax (VAT) =18%

Corporate tax = 10%

B. Loan Terms

Nominal Interest rate=15% per year

Type of repayment = level-annuity basis (principal + interest = constant)
Grace period= 2 years
Repayment period=14 years

C. Financial Constraints

Financial internal rate of return of the project (FIRR) >12%
Return on equity (ROE) >16%
Annual debt service coverage ratio (ADSCR) >1.2

Figure 3 represents the results of this analysis. The horizontal axis represents the
estimates of constructions cost needed to build the road and to put the project into

operation; the vertical axis represents the toll rates, in terms of wat,. The results are as
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expected: as construction costs increase, the minimum toll rate required to attract
private investors also increases. And for lower values of initial A4DT, toll rates increase
at a higher rate. Analysis of elasticities provides more information about the sensitivity

of toll rates with respect to changes in input parameters.

0.8
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Figure 3. Toll rate wat, estimated as a function of construction costs and A4DT

The elasticity & cc of the toll rate #,. (short form of wat,) to changes in construction costs
CC is defined as
At,

tr,O
gtr,CC = ACC
cC,

where At, is the change in toll rate and ¢,y is the toll rate at the initial point; ACC is the
change in construction cost and CCj is the initial construction cost. The calculated
elasticity depends on the selection of the initial point, and this type of elasticity is called
point elasticity. Table 4 represents the summary of toll rate elasticities for each value of

the planned initial construction cost.
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Table 4. Elasticities of toll rates to changes in construction costs

Construction costs Elasticities

(US$ million/km)
1.0 0.609
2.0 0.757
3.0 0.823
4.0 0.862
5.0 0.886
6.0 0.903
7.0 0.916
8.0 0.926

For example, if the initial construction cost is $5 million/km and the 44DT is 5,000 vpd,
the weighted average toll rate is $0.45 per vehicle-km. The elasticity of the toll rate for
this initial construction cost is 0.89, regardless of the 4AADT. In other words, a 1%
change in the initial construction cost would change the toll rate by 0.89%. Similarly,
the elasticity of the toll rate with respect to an initial construction cost of $4 million/km
is 0.86%, and with respect to an initial construction cost of $7 million/km is 0.92%. It
can be observed that, as the initial construction cost increases, the elasticity also
increases. In other words, for the larger estimated investment costs, the toll rate
becomes more sensitive to variations in the original estimates of construction costs.

In this first analysis, the operation cost is assumed to be constant for all scenarios,
regardless of the magnitude of the initial investment. As a more realistic approach, in a
second analysis, it is assumed that the operation cost (OC) is a function of the
construction cost, expressed as OC=0.1*CC. Similar to the first analysis, the toll rate
wat,. was reviewed as a function of the 44DT, construction cost, and operational cost.

Figure 4 summarizes the results of this analysis.
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Figure 4. Toll rate estimated as a function of construction cost and A4DT with variable
operational costs

Similar to the first analysis, the results are as expected: the minimum toll rate to attract
private investors increases with construction costs and decreases with A4DT. A lower
AADT leads to a higher toll rate needed to generate the sufficient amount of revenue to
keep the project financially viable.

Further, a comparison of Figures 3 and 4 shows that toll rates are higher in the second
analysis. For example, if the A4DT is 20,000 vehicles per day and the construction cost
is $5 million/km, the calculated toll rate in the first analysis is $0.1 per vehicle per km,
while in the second analysis it is $0.15/veh-km. Since the only difference in these
analyses is in the approach used for the forecast of operational costs (in the first analysis
it was constant and in the second it was function of the construction cost), it can be
concluded that the inclusion of variable operational costs in the model may have a
notable impact on the level of toll rates. Elasticities are also calculated for this analysis
and are all equal to 1. This case is called unit elasticity, or, in other words, if the initial
construction cost is changed by 1%, the toll rate will also change by 1%.

A third analysis was conducted for the analysis of the construction cost as a dependent
variable. The reasoning behind this approach was to seek an answer to the following

scenario: if the initial traffic A4DT is known as well as the affordable toll rate, what
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would be the maximum value of the construction cost which would provide a
financially viable project?

Figure 5 presents the results of this analysis. The horizontal axis represents the initial
daily traffic expressed as A4ADT, and vertical axis represents the maximum construction

cost per kilometer. All other input parameters are same as specified in Table 3.
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Figure 5. Maximum construction cost, toll rates and initial traffic volumes

The results are as expected: when the toll rate is known in advance, as A4DT increases,
the acceptable maximum construction cost increases as well. The elasticities determined
in this case are also equal to 1. In other words, if the 44DT changes by 1%, the
maximum construction cost will change by 1%. The application of this analysis is useful
in the decision-making process, as it provides an insight into the maximum amount of
the initial investment. Based on this information, the decision about potential phases of
the project can be made. If the maximum construction cost is sufficient for a single
carriageway instead of an initially planned dual carriageway, the project might be
considered to be built in phases (i.e., staged construction).

Summary

The first part of this chapter covers the mathematical basis of the deterministic model
derived from the Graphical Model of the WB Toolkit. The model is then validated by
comparing the results obtained from the Toolkit and those from the deterministic model.
Also, the model was tested for the extreme values of initial traffic volumes. Further, the

model was used to test the sensitivity of toll rates to changes in parameters of interest. It
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is shown that traffic, construction costs, and operational costs have an impact on toll
rates. The following chapter further develops the deterministic model by introducing the

uncertainties and using probabilistic models as proxies for risk quantification.
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CHAPTER V
STOCHASTIC APPROACH

The deterministic model for the calculation of financially required minimum toll rates is
a useful tool for the preliminary assessment of a project’s financial feasibility. It
provides an insight from the user’s perspective by looking at the project’s viability
through the level of toll rates which users need to pay. However, one of the major
limitations of the model is that all input values are deterministic. This can be relaxed by
introducing the probabilistic models into the calculation process, which would help in
better capturing some of the uncertainties over the long-term horizon. This chapter
presents a development of a stochastic model which can be used for the identification,
assessment, and management of risks in PPP toll road projects. The following section
presents steps 3 and 4 of the methodology developed in this research.

Risk quantification

There are numerous risks identified through the literature which may affect a project’s
feasibility. Some are ranked as significant, while some are ranked as having a minor
impact on a project’s outcome. The main risk for toll roads with the user charging
system is traffic or demand risk. Recognizing the level of magnitude of this risk, various
management techniques have been developed over the years, such as minimum revenue
guarantees or a revenue sharing mechanism. Another major risk is the construction cost
risk. The level of upfront investment has an impact on the financial structure of the
project. Operation and maintenance costs are also considered a major risk as they
represent the risk of not being able to service the debt in a timely way. These three risks
are addressed in this research, and their probabilistic models are introduced. It should be
noted that the models presented in the following sections are the ones used in this
research. However, following the developed methodology, these models can be
improved or replaced.

Traffic risk

As presented in Chapter 2, traffic risk is present throughout the life of the project. Most
often, the traffic projections are overestimated. Traffic is a parameter which evolves

over the concession period; thus, it is reasonable to use the probabilistic model for

traffic forecasts with the time component. A stochastic process {X (t),teT } is a
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process where, for each 1T, X(¢) is a random variable (Ross 2007). The rationale

behind the choice of a stochastic model is that variations of traffic volumes over time
depend on many factors. Although this topic is very important for transport
infrastructure, especially for PPP projects where the primary focus is on project’s
financial feasibility, the theory behind traffic uncertainties goes beyond the scope of this
dissertation. Here, it is assumed that a stochastic process, such as a random walk, can
capture, to the certain extent, both the unsystematic and systematic risk components
present in traffic forecast models.

The symmetric random walk represents the process which takes a unit step either to the
left or right with equal probabilities in each time unit. If the process is speeded up with
smaller and smaller steps and smaller and smaller time units going to the limit in the

right manner, the process will reach Brownian motion (Ross 2007). Then, the Brownian
motion {X (t),t > O} can be defined as a stochastic process with the following
properties:

(i) X(0)=0;

(i1) {X (t),t> 0} has stationary and independent increments;

(iii) For every >0, X(t) is normally distributed with mean 0 and variance

o’t.
These properties basically mean that changes of the value of the random walk in no
overlapping time intervals are independent and that the distribution of values does not
depend on ¢, only on the length of that interval. The third property states that, over time,
the mean value will not change and remains zero. For this reason, the application of
Brownian motion for traffic risk modeling may not be adequate as it is usually expected
that traffic will increase at some rate over time. This may be relaxed by using the

Brownian motion with a drift coefficient z . Then, property (iii) becomes:

(iv) X(2) is normally distributed with mean x and variance ot .

Now, over time, the mean value increases by the drift coefficient given the time
increment. The remaining issue is that if X(?) is normally distributed, it means that for

every >0 there is a probability that the underlying variable has a negative value. As this
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cannot hold for modeling traffic volumes, i.e., traffic volumes cannot be negative, this

can be also relaxed by introducing a process {S (t),1> 0} defined by
S(t)=e*" (30)
which is called a geometric Brownian motion (GBM). GBM can also be presented in

the following format (Trigeorgis 1998):
dS = usSdt + o,SdW, 3D

where u; is a drift term, o, is a measure of volatility and dW, =+/dte,is a Weiner
process where d is a time increment and ¢, ~ N (0,1) .

In applying GBM for modeling variables like financial or nonfinancial assets, the risk-
adjusted drift rate for the market risk should be taken into account to simulate the risk-
neutral environment. The discussion of risk-neutral settings for toll road concessions
goes beyond the scope of this research (for further discussion see, for example, Solifio
and Galera 2012, and Brandao and Saraiva 2008). Here, the risk-adjusted growth rate
for traffic volume is used in calculations. GBM can be modeled in discrete time
intervals as a function of the value in the previous time interval (Brandao and Saraiva

2008):

{yx —%EJAH-O'SE\/E

S..=Se (32)
(72

where [#s - 25 ] represents the risk adjusted drift rate. Equation 32 is particularly

important as here it is used for the simulation of GBM over specified time intervals
using yearly periods. GBM can be completely simulated using only its initial value, a
yearly growth rate, and the volatility.

GBM has applications in different branches of science and in real life, especially in the
modeling of stock prices. As seen in the literature, GBM has also been used for
modeling traffic or revenue uncertainties (see, for example, Chow and Regan 2009, and
Galera and Solifio 2010). Moreover, Solifio and Galera (2012) use a sample of 11
highway concessions in Spain, covering a period of 30 years, to test the hypothesis that
traffic volumes follow a GBM process. Results showed that the null hypothesis could
not be rejected. Also, they have shown that the average value of the volatility of traffic

is 0.075. Thus, in this research, GBM is adopted for modeling traffic volumes over the
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concession period. It is assumed that the growth rate and the volatility of the traffic flow
can be derived from similar projects and that they are constant over the concession
period.

However, besides the described uncertainty in traffic behavior over time, the uncertainty
in estimating initial traffic is equally important in some projects. This is particularly true
for greenfield projects when there is no historic data on traffic. Estimates of initial
traffic and forecasts of traffic volumes over time are based on the analysis of various
exogenous parameters. Thus, capturing traffic risk properly in some cases represents
capturing uncertainties - in both the initial traffic as well as the traffic forecast over
time.

Here, it is assumed that the initial traffic can be modeled as a continuous random
variable Sy. This assumption can be relaxed for brownfield projects with the history of

traffic counts. In this research it is assumed that it initial traffic follows a normal

distribution S, = N ( H,0:0% ) Where s, is the mean value, and o, is a variance. Other

distributions may be also used.

Construction risk

As seen in the literature, estimates of construction costs have not improved over the
years and costs underestimates are constantly present. There are different forecast
techniques: regression models developed from data on similar projects, or analysis of
data based on other parameters like the level of economic development in the country,
level of corruption, etc.(see, for example, Cirilovic et al. (2014) for estimation models
of road reconstruction and rehabilitation costs or Alexeeva et al. (2011) for contract
analysis of road works). These forecasts can provide an estimate of a single value for
construction costs or a range of possible values for the potential escalation construction
costs. In this research, construction risks are taken into account ex-ante as variations of
total construction costs, i.e., as variations in the capital expenditures. The construction
risks may also include delay in the completion time due to unforeseen events, resulting
in a delay in the revenue collection. Here it is assumed that, for forecasting purposes,
construction delays may be managed at certain costs, thus increasing the total
construction costs.

In order to establish the connection between the estimated value of total construction

costs and the cost performance for road projects derived from the literature, the
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distribution of the cost development is adopted as a mid-step for the assessment of the
mean value and the variance of estimated total construction costs. It is assumed that cost
development is a continuous random variable Y, i.e., it follows normal distribution
Y~N(uy, 52). This assumption may be relaxed by using some other types of continuous
random distributions. Defining the cost development Y as the difference between the
actual (4) and the estimated cost (£) compared with the estimated cost (E), the
following can be derived A=E*Y+E. Then, A is normally distributed with a mean
Euy + E and standard deviation Egy.

Operation and maintenance risk

In this research, an operation and maintenance risk is a risk of not being able to cover
ongoing debt obligations and other yearly expenses of a project or, in other words, a risk
of having higher expenses for operation and maintenance activities than expected.

As seen in the literature, the forecast models for operation and maintenance costs
mainly include either estimates of construction costs or estimates of traffic volumes as
the basis for the forecast. They are commonly presented as a certain percentage of
construction costs or traffic volumes. In this research, it is assumed that O&M costs are
functions of both construction costs and traffic volumes. Having previously defined
construction cost as continuous random variable 4 and traffic as stochastic random
variable S(z), then O&M costs become a function of two variables g(4,S(z)). Other
models for O&M costs can be used to reflect users' perception or knowledge of O&M
risks.

Monte Carlo simulations

Simulation techniques represent a method of repeated random sampling from the
probability distribution of interest. Let us define X as a random vector having a density
function £ Then, the problem is set to compute some function g(X). One way to solve
this problem is to estimate the parameters of function g(X), i.e., to estimate E£[g(X)] by
simulation (Ross 2007). This process starts by generating independent random vectors
X(i), i=1,...,r where r is a fixed number. The result of the process is a large number of
independent and identically distributed random variables Y”=g(X"). By the strong law

of large numbers, the estimate E[g(X)] can be calculated as
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This approach to estimate E[g(X)] is called Monte Carlo simulation. In Monte Carlo
simulations, the stochastic process is generated by simulating the sequence of random

variables.

In this research, Monte Carlo simulation is applied to selected random variables traffic
S(t) and Sy and actual construction costs (CC), i.e., development cost Y. The O&M costs
are a function of these variables. Looking at the problem of finding the minimum
financially required toll rate and following Equation 27, the solution to the problem is a
probability distribution of toll rates. This probability distribution is estimated from the
sample of toll rates generated by the simulation process. Generating the sample of toll

rates concludes Step 3 of the adopted methodology.

Parameter estimation

Once the random sample of size n of toll rates is obtained from the simulation process,
the statistical analysis of the underlying distribution and the calculation of point
estimators can be applied as Step 4.

The problem of finding the probability distribution of toll rates is a problem of testing
the hypothesis that an underlying distribution is satisfactory in representing the
population (Montgomery and Runger 2007). One useful method is a graphical method
of probability plotting. Histograms can help in the visual identification of the form of
the underlying distribution, but the error may be large if the sample size is small.
Probability plots enable the visual examination of the data to determine if the data fits
the distribution under consideration. A more formal method is the goodness-of-fit
procedure to test if the distribution under consideration can be adopted as the

distribution of the population.

Let us define the financially required toll rate as a random variable 7/". If the

T fin Tﬁn

r,l 252 9"

. Y)f,’;” is a random sample of size n from the population which represents 7"
, then the following is true for unbiased estimators (Montgomery and Runger 2007):
E (ffn) =,

E(S;)=0;

(34)
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here T i 1 S? i le vari i lati d o’
wnere/l, 1S a samp € mean, o 1S a samp € variance, ILl[r 1S a popu ation mean an Un,

is a population variance. The standard error is commonly reported along with the point

. . = fin . . .
estimator. The estimated standard error of 7', when the population variance is unknown

1S:

In some cases, it is necessary to use a biased estimator. Then, the mean squared error of
an estimator needs to be observed. Also, there are different methods for point
estimation, such as the method of moments and the method of maximum likelihood.
Users can use relevant literature on statistical and probabilistic analysis for their choice
of methods and further analysis of point estimators. In this research, available
computational resources for presenting statistical analysis have been adopted to
illustrate the methodology.

Social acceptance

Solving the problem of finding the minimum financially required toll rate represents
valuable information for decision makers about a project’s financial feasibility.
However, this information is only partially useful, as it also needs to be compared with
the socially acceptable level of toll rates. The level of socially acceptable toll rates
depends on the social and economic environment where the project is planned for
implementation. Thus, the last analysis of the methodology is set as a problem of
finding the probability that the socially acceptable toll rate is, at the same time,

financially sufficient.
Let us define 7' as a socially acceptable toll rate. Then, the probability that the

socially acceptable toll rate is financially sufficient can be defined as

i

P( Trﬁn < T;mc) _ J‘ f( ¢ rfin ) dt_r/‘in ’Trsoc c 7—;/‘1‘71 (3 6)
0

where f (t-rﬁ”) is a probability density function of random variable T/™. It is a

probability that the minimum financially required toll rate is less than the socially
acceptable toll rate. This information may indicate that the project will be accepted
among the users as long as the toll rate is lower than the toll rate users are willing to

pay. The probability that this will hold true represents the probability of a project's
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success in terms of the financial perspective, or, in other words, the probability that the
project will be financially self-sustained without additional financial support. This
analysis concludes Step 4 and, at the same time, concludes the methodology for the
assessment of the minimum financially required toll rate given multiple uncertainties.
Building the model

The stochastic model is developed from the deterministic model by substituting chosen
deterministic parameters with probability distributions. This process includes four steps:
(i) introducing AADT as a GBM, (ii) modeling the initial traffic AADT) as a continuous
random variable, (iii) defining the O&M costs as a function of A4DT and CC, and (iv)
adding the continuous distribution as CC input. Building the model step-by-step enables
the analysis of how each of the introduced risks integrates its price with the price of
tolls.

Table 5 presents the overview of the results obtained from each step of this process. The
starting point is a set of input values used for the deterministic model validation with the
combination of 44DTy=20,000 vpd and CC= $ 1 million/km. The toll rate calculated
with the deterministic model is $0.035 per vehicle/km. The probabilistic models and the

set of input values are provided for each risk to illustrate the process. The number of

random samples is #=100. Results are reported as the sample mean Tfm and the sample

variance S, (in the parentheses).
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Table 5. Overview of the toll price share of each assumed risk in the stochastic model

CCNN(zucao'cz)
0&M={(4ADT,CC)
AADT as , 115=US$ 1
AADT ~N(u59,659") s
GBM million
156=20,000 0C=0.1*CC+0.085*3
14,=0.03,0,=0. 0,,=US$
0,0—=4,000 65*AADT
2 100,000
MC=3,400+0.5*4AADT
AADT as GBM 0.047 0.053 0.1745* 0.049
£4=0.03,5,=0.2 (3.46e-004) (5.74e-004) (7.92¢-004) (5.52¢-004)
AADT ~N(tt50,6+5°
g ) 0.035 0.1722 0.035
1£,7=20,000
(4.86e-033) (6.72e-004) (4.36e-006)
0,0=4,000
0&M=f(AADT,CC)
0C=0.1*CC+
0.1745* 0.1745*
0.085*365*4ADT
(7.92e-004) (7.92e-004)
MC=3,400+
0.5*4ADT
CC~N(u.6.°
(lllt‘, (4 ) 0035
1so=US$ 1 million
(4.30e-006)
0,0=US$ 100,000

Since O&M risks are a function of both traffic and construction cost risks, the results
with the asterisk indicate the results which include the following three risks: traffic over
time, construction, and O&M. The result which is bolded includes the additional risk of
initial traffic estimate, resulting in inclusion of all four risks.

The results show that each risk either adds value to the sample mean, i.e., to the
expected value of the toll rate, or increases the variance of the toll rate estimate. Risks
which are modeled as continuous random variables with normal distributions, e.g.,
initial traffic and construction costs risks, create the variability component of toll rate
assessment which helps evaluate the toll rate risk. Adding the risks one by one increases
the variance. Introducing a stochastic component, i.e., a random walk element, increases
both the sample mean and the sample variance. The introduction of the O&M costs as a
function of traffic volumes and construction costs also increases the sample mean and
the sample variance. This risk component has the highest impact on the price of a toll

rate. The magnitude of this risk and its impact on toll rates depends on many factors: the
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selection of probabilistic models for random variables included in the forecast model,
the estimate of the ongoing expenses as a certain percentage of construction costs, the
selection of the price for the single vehicle electronic operation, etc. However, these
results indicate that the O&M expenses may have noticeable impact on required level of
toll rates.
Model validation
Building the stochastic model from the deterministic model provides an insight into the
structure of the model. The stochastic model validation included the reverse process:
cancelling all uncertainties yielded back to the deterministic model. The model with all
risks omitted provided the same results as the deterministic model. Another test was
conducted in order to validate the model: standard deviations of all variables were
multiplied by two. It was expected that the sample variance would also increase. The
results showed that both the sample mean and the sample variance increased: the sample
mean increased from 0.17 to 0.49 and the sample variance increased from 8.37¢-004 to
0.33 (the input values for model validation are taken from Table 1).
Model limitations
Some of the limitations of the deterministic model are discussed in Chapter IV. The
stochastic model is an improved version of the deterministic model in terms of
uncertainty recognition and inclusion. But some limitations still exist, including several
new points:
- as with the deterministic model, the toll rate is adjusted only for inflation
over the concession period. Here, this may be considered a relaxed assumption
since the toll rate is a random variable thus covering a scale of potential
scenarios and uncertainties;
- the model considers only single road projects and behaviors of the
projects within its own scope, regardless of its dependency on the surrounding
network. The model does not recognize the level of the monopoly of the project;
- the model does not explicitly include the price elasticity of demand.
Here, it is assumed that the elasticities cannot be used for forecasting purposes.
As shown in the literature, the price elasticity of demand has several components
where toll rates are one parameter. Also, there is evidence that elasticities

depend on the type of traffic, e.g. commuter traffic can be considered inelastic.
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The stochastic model includes volatility of initial traffic volumes and the
volatility of traffic over time. It is assumed that this approach reflects a number
of factors that may have an impact on traffic on a particular road thus potentially
covering some of the factors influencing demand elasticities;

- there are no options to include major maintenance costs (reconstruction
or rehabilitation costs) during the concession life. As with the deterministic
model, if these costs are annualized, they can be added to the O&M costs;

- operation costs are modeled as a function of traffic and construction
costs, adjusted for inflation rate over the concession period, thus reflecting the
average price change. This assumption may be further relaxed to include items
such as the evolution of labour costs, price of oil, etc. if it is anticipated that
these parameters may have a high impact on operation costs beyond costs
adjustments which inflation is already covering;

- the model does not have an option to specify boundaries for construction
costs and traffic volumes. As they are modeled as random variables, some
random values may be sampled from extreme regions which is not realistic for
these parameters;

- the model considers three random variables, but the variability of other
parameters over time may also be present. Moreover, some of these risks may be
correlated, thus increasing the variance of the resulting distribution;

- it is assumed that financial parameters ADSCR, ROE, and FIRR for
particular PPP projects are known in advance. It may be argued that these
parameters depend on the project's cash flow and associated risks and thus they
are result of the project's financial assessment. The logic behind this assumption
is that, for the selected PPP project, investors' financial requirements are set
based on the current financial climate, capital markets activities, the political and
legal environment, and other "external" factors. They are seeking an investment

which will fulfill these requirements.
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Numerical example1

To illustrate the methodology, a simple road section with four lanes is considered. Toll
rates are expressed as the weighted average toll rate wat, in US dollars per vehicle.
Assuming that traffic on the observed road section can be represented as a mix of cars,
trucks and buses, the wat, per vehicle is determined from Equation 29. Table 6
summarizes the input parameters for the concession and constraints which were used in

this analysis.

Table 6. Concession parameters

A. Project Parameters

Concession term = 20 years

Construction period =2 years

No of lanes =4

Section length = 10km

Distribution of works during the construction period = 1st year 50%, 2nd year 50%
Equity = 40% of the construction cost

Government subsidies to the capital costs = 0% of the construction cost

Inflation = 4% per year

Value added tax (VAT) =18%

Corporate tax = 10%

B. Loan Terms

Nominal Interest rate=12% per year

Type of repayment = level-annuity basis (principal + interest = constant)
Grace period= 2 years

Repayment period=14 years

C. Financial Constraints

Financial internal rate of return of the project (FIRR) >12%
Return on equity (ROE) >16%
Annual debt service coverage ratio (ADSCR) >1.2

Following Equation 32, the future traffic volume can be defined by knowing its starting

value AADT,, the expected growth rate z, and the volatility o, . Initial traffic is set to

20,000 vpd and the drift rate for GBM is 0.05, and the volatility of 0.1. In this example,
the initial traffic volume is not presented as a random variable.

It is assumed that the estimated total construction cost is US $10". The normal
distribution of cost escalation has a mean value of 20% and standard deviation of 30%

(Flyvbjerg et al. 2003, Cantarelli et al. 2012a). Thus, in this case, the actual construction

! This numerical example is partially presented in Vajdic et al. (2015)
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cost follows a normal distribution with a mean of US $1.2*10” and standard deviation
of $3*10°.

As already mentioned, the estimation of operation and maintenance costs is commonly
related to the estimates of traffic volumes or construction costs. In this numerical
example, it is assumed that the operation cost is equal to the sum of two elements: the
percentage of the construction cost and the part related to the cost of having a
transaction per vehicle:

OC=p*CC+q*365* AADT

where OC is the operation cost, p is the percentage of construction costs, and g is the
cost of transaction per vehicle per year. Further, the maintenance cost is adopted from
Heggie (1995):

MC=1700+0.5* AADT

where MC is the financial cost of the routine maintenance on two-lane roads.

Parameter p is set to 10% of the construction costs and a fixed fee for servicing each
vehicle ¢=$0.085. Since Heggie’s formula is for two-lane roads, it is modified to
represent the maintenance costs for roads with four-lanes:

MC =3400+0.5*% AADT

The assessment of the appropriate distribution for generated data for toll rates is
conducted using the MATLAB built in functions. This software is aslo used for the
estimate of the mean E(z,) and variance V(7). The method of maximum likelihood is
used for point estimates. The number of generated random values of the stochastic

model and the sampling values from normal distribution is #=1,000. In order to generate
T/"", i=1,...,r, the process of generating random values and determining toll rates data

is repeated » =1,000. Following Equation 33, the result of Monte Carlo simulation is an
estimate of toll rates. Data analysis reveals that the distribution has a long right tail.
Following this information, several distributions were visually inspected for goodness
of fit. Three distributions were chosen based on their fit to generated data: lognormal, t
location-scale, and log-logistic. Figure 6 represents a histogram of generated data and

probability density functions (pdf) of fitted distribution.
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Figure 6. Histogram of toll rates and pdf of fitted distributions

Further analysis included the assessment of point estimators for the mean and variance

of these distributions, the standard errors of these estimates, and the associated log

likelihood values. These results are presented in Table 7.

Table 7. Analysis of point estimates from Monte Carlo simulation
for toll rates ($/veh-km)

Distribution Mean Std. error | Variance | Std. error | Log likelihood
lognormal 0.056 0.0074 0.0002 0.0053 2943.21

t-locationscale 0.056 0.0004 0.0001 0.0004 2938.32
log-logistic 0.056 0.0073 0.0002 0.0035 2943.77

The t location-scale has one more parameter, degrees of freedom, which is equal to 14

in this case. As the analysis shows, all three distributions provide the same results for

the estimates of the mean. Log likelihood values are also in a close range, where the

log-logistic distribution value is slightly higher. Chosen distributions are also tested for

the goodness of fit. Two tests are used: chi-square test and one-sample Kolmogorov-

Smirnov test.
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The null hypothesis is that the data in vector 7" comes from a chosen distribution. The

test to determine if the null hypothesis is rejected or not is performed at the 5%

significance level. The summary of results is presented in Table 8.

Table 8. Summary of results for goodness-of-fit tests

Kolmogorov
Chi-square
Distribution p-value -Smirnov p-value
test
test

lognormal do not reject 0.3408 do not reject 0.7581

t location-scale reject 5.299¢-004 | do not reject 0.7344
log-logistic do not reject 0.1510 reject 1.153e-168

Neither tests do not reject the null hypothesis only for lognormal distribution. Following
these results, the cumulative distribution functions (cdf) of the original data and
estimated distributions were also visually checked, as shown in Figure 7. As can be
observed from the figure, both log-logistic and lognormal seems to have good fit. Thus,
lognormal distribution is chosen as the fitting distribution, and the estimates of mean
and variance for toll rates are further analyzed. The estimated standard error of the mean

is 0.0001.
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Figure 7. Cumulative distribution functions of toll rates from Monte Carlo simulation

and fitted distributions

The mean toll rate of the lognormal distribution is $0.056 per vehicle per km,
representing the expected value of the toll rate for the assumed risks of construction
costs, O&M costs, and traffic volume estimates. In other words, there is a probability of
0.5 that the weighted toll rate of $0.056 per vehicle per km is financially sufficient for
the project to be self-sustained over the concession life without additional financial
support. It can be expected that negotiations will likely not take place due to the partial
realization of the above mentioned risks.

By knowing the distribution parameters, it is then possible to examine how the socially
acceptable toll rate corresponds to the distribution of the weighted toll rate assuming
multiple project risks. For example, if the socially acceptable toll rate is $0.08 per
vehicle per km, then, in this numerical example, the probability that this toll rate is
financially sufficient is 0.95. In other words, the price of $0.08 per vehicle per km
financially covers 95% of the assumed traffic, construction costs, and O&M risks. There

is a probability of 0.95 that the project will be accepted by users since the toll rate is
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lower than the toll rate already publicly accepted as the level users are willing to pay to
use the facility. This may also imply that there is probability of 0.05 that the project will
need some additional financial mechanism over its concession life. If the socially
acceptable toll rate is $0.04 per vehicle, then there is probability of 0.09 that it will be
financially sufficient. In other words, there is a probability of 0.91 that the project will
need some additional financial support over its concession life. If the project
commences with a financial structure that neglects the multiple uncertainties, then it can
be expected that the project terms will need to be renegotiated at some point.

For projects with no previous traffic records, it is anticipated that the variability in the
estimate of initial traffic should be included and thus added to the stochastic model. . In
order to include this risk in the assessment of financially optimal toll rates, the initial
traffic is modeled as a random variable following a normal distribution. The input
parameters are the same as for the previous example with one additional parameter - the
standard deviation of initial traffic which is set to 4,000 vpd. Toll rates are presented as
values for the whole section, i.e., for the section of ten kilometers.

In order to reduce computational efforts, the number of generated random values of the
stochastic model and sampling values from normal distribution is set to »=100 and
number of Monte Carlo simulations is 7=100. Figure 8 represents a histogram of the
generated data and the probability density functions (pdf) of the fitted distribution.
Similar to the example above, the distribution has a long right tail, so the same three
distributions were chosen based on their fit to generated data: lognormal, t location-

scale, and log-logistic.
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Figure 8. Histogram of toll rates and pdf of fitted distributions with the additional risk

in initial traffic variability

Following the methodology, the assessment of point estimators for the mean and
variance of selected distributions is performed as a next step. These results are presented

in Table 9 along with standard errors of these estimates and associated log likelihood
values.

Table 9. Analysis of point estimates for toll rates from Monte Carlo simulation with the

additional initial traffic risk ($/veh)

Distribution Mean Std. error | Variance | Std. error | Log likelihood
lognormal 0.63 0.0305 0.039 0.0217 27.688
t location-scale 0.58 0.0172 0.091 0.0170 22.057
log-logistic 0.62 0.0288 0.039 0.0139 29.686

The t location-scale has one more parameter, degrees of freedom, which is equal to two
in this case. As the analysis shows, the mean values have increased while the variances
showed a slight increase compared with the previous example. The log likelihood value

for the log-logistic distribution is the highest indicating the log-logistic distribution is
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the best fit. Chosen distributions are also tested for the goodness of fit. Two tests are

used: chi-square test and one-sample Kolmogorov-Smirnov test.

The null hypothesis is that the data in vector 7" comes from a chosen distribution. The

tests to determine if the null hypothesis is rejected or not are performed at the 5%

significance level. The summary of results is presented in Table 10.

Table 10. Summary of results for goodness-of-fit tests

Kolmogorov
Chi-square
Distribution p-value -Smirnov p-value
test
test

lognormal do not reject 0.1898 do not reject 0.5868
t-location scale | do not reject N/A do not reject 02796
log-logistic do not reject 0.2976 do not reject 0.9686

Neither tests do not reject the null hypothesis that data comes from all three

distributions. The log-logistic distribution has the highest p-value, so this distribution is

chosen as the best fit. The cumulative distribution functions (cdf) of the original data

and estimated distributions are also visually checked, as shown in Figure 9. As can be

observed from the figure, the log-logistic fit seems better than the other two. Thus, the

log-logistic distribution is chosen as the fitting distribution, and the estimates of the

mean and variance for toll rates are further analyzed. The estimated standard error of the

mean is 0.004.
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Figure 9. Cumulative distribution functions of toll rates from Monte Carlo simulation
and fitted distributions

The mean of the log-logistic distribution represents the estimate of the toll rate $0.62
per vehicle per 10 km section which is financially sufficient to cover 50% of the
assumed risks. Comparing the results to the previous example, the difference of $0.06
per vehicle per 10 km section may be interpreted as the price of the additional risk, the
variability of the initial traffic estimate.

Following the previous example, the socially acceptable toll rate of $0.8 per vehicle for
the whole section has the probability of 0.86 to be financially sufficient compared with
the previous example when the probability was 0.91. These differences may not seem
significant at first glance. However, they indicate that considering more risks in the
model increases the level of the toll rate needed to keep the project financially
sustainable. The probability distribution of the toll rate changes by increasing the
expected value of the toll rate. In other words, more money is needed to cover more
risks. Also, the socially acceptable toll rate loses its financial strength and, in this case,

covers a lower percentage of the realizations of potential risks.
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Summary

A methodology for the assessment of toll rates is developed based on probabilistic
principles with the goal of enabling a more realistic assessment of project risks.
Uncertainties captured in the model include traffic risks, construction risks, and
operation and maintenance risks. The toll rates that the stochastic model calculates are
derived from the financial model, given specific requirements, i.e. constraints, for the
values of financial indicators. Thus, the toll rates calculated from the model represent
financially required toll rates. They are sufficient to ensure the financial success of a
project. In order to obtain the toll rate that is acceptable for all stakeholders, the
distribution of toll rates serves to determine the probability that the socially acceptable
toll rate is financially sufficient or, in other words, to quantify the toll rate risk, i.e., the

risk that the agreed toll rate will not be financially sufficient.
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CHAPTER VI
CASE STUDIES

A methodology for the assessment of toll rates was developed (see Chapter V) based on
probabilistic principles with the goal of enabling more realistic assessment of project
risks. An application of the stochastic model is illustrated in two case studies: the
Olympia Odos Motorway Concession in Greece and the Belgrade Bypass in Serbia. The
Olympia Odos is a tolled motorway under construction/operation which has experienced
financial difficulties due to the high impact of the financial crisis in Greece. The
Belgrade Bypass is a highway project delivered as a publicly procured project financed
exclusively from loans. It is a non-tolled highway project which was, during the project
development phase, considered as a candidate for the tolling system.

Olympia Odos Motorway Concession, Greece

Greece has a long history of PPP projects. One of the first examples is the Corinth
Canal which was commissioned in 1881 as a concession for 99 years (Roumboutsos
2013). Two major concessions were completed by the early 1970s: the water supply
system and the generation and distribution of electrical power. During the 1990s, the
Greek Authorities and the European Commission agreed on the framework with the
goal of maximizing the private sector involvement in the delivery of the transport
related infrastructure. Similar provisions were made under the next framework in the
early 2000s and, more recently, under the National Strategic Reference Framework
implemented in the period 2007 — 2013.

The PPP implementation in the transport sector is characterized by the small number of
large projects awarded in two waves (Roumboutsos 2013). The first group of projects
was awarded in the late 1990s and includes the Athens International Airport, the Athens
Ring Road Attica Tollway, and the Rio-Antirio Bridge. The second group of projects
was awarded between 2007-2008 and included the so-called “axis of development”
motorways: the Maliakos-Kleidi Motorway (Aegean Motorways), the Elefsina-Corinth-
Patra-Tsakona (Olympia Odos), the Antirio-loannina Motorway (Ionia Odos), the
Central Greece Motorway (E65 motorway), and the Corinth-Tripoli-Kalamata
Motorway (Moreas). The Port of Piraeus Transhipment Terminal Concession was also

awarded in the second wave. The Egnatia Odos motorway, which services the east-west

70



axis of northern Greece, is the only motorway in recent years delivered as a publicly

procured project. Figure 10 represents the map of major highways in Greece.
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Figure 10. Map of major highways in Greece
(http://en.wikipedia.org/wiki/Highways_in_Greece, accessed 24.03.2015.)

The impact of the financial crisis on PPP projects in the transport sector was significant
(Roumboutsos 2013). The project revenues significantly dropped due to the reduced
demand, and users demonstrated elasticity to the level of toll tariffs. As concessions
mostly rely on charging user fees, the projects under the operation experienced
difficulties in their debt servicing. The projects under the construction had to stop
construction works since a significant part of the construction was budgeted from the
brownfield toll revenues. Concessions were under negotiation with the Greek
government. In April 2013, the terms of the new agreement were announced which
included the reduction of scope, increased public financial contribution, and the
payment of claims.

The Olympia Odos is a toll motorway concession located in Northern Peloponnese,
Greece (Roumboutsos and Nikolaidis 2013). The concession is approximately 365 km
in length and consists of four sections that are a mix of brownfield and greenfield

sections (Koklas et al. 2011, Academic Dictionaries and Encyclopedias 2015):
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- The Elefsina — Korinthos section is an existing motorway section with a
length of 63.6 km. The AADT is 30,000 vehicles per direction. The existing
cross section includes 3 lanes and one emergency lane per direction, a complex
of tunnels 4.5 km in total length, and two toll plazas, Elefsina and Isthmos, to be
repaired to fulfill current motorway standards;

- The Korinthos-Patra section is an existing road with poor geometrical
design and a high accident rate. The length of the section is 120 km. The AADT
varies from 7,500 to 11,000 vehicles per direction with high seasonal peaks
(summer holiday traffic etc.) up to 30,000 vehicles per direction. A new
motorway section is planned to be built along the old motorway;

- The Patra Bypass section is an existing motorway section with two lanes
and an emergency lane per direction. The length is 18.3 km and it includes a
complex of tunnels 4.7 km total length. The AADT is approximately 8,000
vehicles per direction with seasonal peaks up to 15,000 vehicles per direction.
No tolls are to be received on this section throughout the concession period. It is
planned to be repaired to fulfill current motorway standards;

- The Patra-Pyrgos-Tsakona section is a completely new section that is
163.3 km long. New alignment of this new motorway section is planned to be

built along the old road.
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(http://en.academic.ru/dic.nsf/enwiki/10915063, accessed 23.03.2015.)

The Olympia Odos project was initiated prior to 1998 (Roumboutsos and Nikolaidis
2013) and the call for prequalification was launched in 2001 followed by invitations to
selected bidders to submit respective bids in 2006. The total budget for the project was €
2.2 billion which included design and construction, financing costs, and operation costs
during the construction. Financing was structured in the following way: Shareholders
Equity € 160 million; Debt Capital € 1,140 million, out of which € 990 million was a
senior debt with 13 years maturity (Ferron-Hugonnet 2008); the Greek State/EU funds €
500 million; and tolls received from brownfield sections were expected to bring in € 400
million. The concession term is 30 years, and the financial close was reached in 2008,
and the construction works were planned to be completed in 2014. The construction
works were divided into two phases: the first phase for the construction of the
Korinthos-Patras section was planned to take 3.5 years, and the second period was

planned for another 2.5 years for the construction of the Patra-Pyrgos-Tsakona section
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(Academic Dictionaries and Encyclopedias 2015). At the time of the procurement
phase, the country’s sovereign debt was rated AA (Roumboutsos and Nikolaidis 2013).
Given the information retrieved from the literature, some model input values are
missing and have to be assumed. Since the invitation for project bids was published in
2006, it is assumed that the financially pre-feasibility base year for the methodology
application is 2005. It is assumed that the operation costs consists of two segments: the
percentage of the construction cost p= 10% and the cost of having transaction per
vehicle g= €0.05. Maintenance costs are estimated using the modified formula adapted
from Heggie (1995). Traffic growth is assumed based on the forecasted average annual
growth rate for GDP for the period between 2001 and 2020 which was 3.8% (TEN-
STAC 2004). Here, the traffic growth rate is assumed to be 4%. Based on the inflation
rate for the period 2004-2005, it is assumed that the inflation rate was set to 3%
(Worldwide Inflation Data 2015). The VAT rate in 2005 was 19% (Living in Greece
2010) and the corporate tax was 32% (Trading Economics 2015). Since the country
rating was AA during the procurement phase, it is assumed that the nominal interest rate
1s 6%. Also, it is assumed that the grace period is 2 years.

The initial AADT is determined as a weighted average of the AADTs of each section
over the length of the entire project:

4
> AADT*L,
AADT;" ==

where AADT;" is the averaged initial traffic, 44DT; is the annual average daily traffic

of each section, L, is the length in kilometers of each section, and L is the total length in
kilometers. The reported AADT; are traffic volumes counted at toll plazas when the
project was already in operation (Musso et al. 2013). However, the Concessionaire

reported traffic decreases of 30% compared to the traffic forecasts (Lambropoulos et al.
2012). Thus, the reported A4DT; are increased to reflect this information. The 44D T;" is

set at 39,300 vpd, and the traffic volatility over time is assumed to be 0.2. The initial
traffic is assumed as a single value since three sections out of four have a history of
traffic counts, i.e., three sections are brownfield.

Variations in construction cost estimate, based on the evidence from the literature, is

applied in this case study. Following Flyvbjerg et al. (2003) and Cantarelli et al.

74



(2012a), the average cost escalation applied here is 20% with a standard deviation of 30.
Thus, the construction cost is the random variable with a normal distribution with mean
value of €2.64 billion and standard deviation of €0.66 billion. Based on the discussion
with experts, financial constraints are assumed as following: ADSCR=1.2; IRR=0.12 and
RoE=0.16. Table 11 represents the summary of input values with the note if the value is

assumed or obtained from the literature.

Table 11. Overview of input values for the Olympia Odos case study (base year 2005)

A. Project Parameters Note*
Concession term = 30 years 1
Total investment = €2,640 billion |
Standard deviation of total investment = €0.66 billion A
Construction period = 6 years I

Distribution of works during the construction period:

Ist year 15%, 2nd year 20%, 3" year 20%, 4" year 15%, 5" year 20%, 6"
year 10%

AADT;" = 39,300 vehicles per day

Standard deviation of 44DT = 0.2

Traffic growth = 4%

No of lanes = 4

Project length = 365km

Equity = 7% of the total investment

Government subsidies to the capital costs =41% of the total investment
Inflation = 3% per year

Value added tax (VAT) =19%

Corporate tax = 32%

>

B. Loan Terms

Nominal Interest rate=6% per year

Type of repayment = level-annuity basis (principal + interest = constant)
Grace period= 2 years

Repayment period=13 years

— > > >

C. Financial Constraints

Financial internal rate of return of the project (FIRR) >12%
Return on equity (ROE) >16%
Annual debt service coverage ratio (ADSCR) >1.2

> > D

*]-values retrieved from the literature, A-assumed values

The number of generated random values of traffic volume over time and construction

costs is n=1,000 and the number of simulations for toll rate calculations is » =1,000. The
generated data of random vectors for toll rates T7/"are divided by the project length or,

in this case, by the project length which is tolled. For Olympia Odos it is 346.7 km, so
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the data represent the weighted average toll rates in € per vehicle per kilometer. A
histogram of toll rates7" is presented in Figure 12. As with the numerical examples in
Chapter V, the distribution has a long right tail. Again, three distributions were chosen

based on their fit to generated data: lognormal, log-logistic and t-location scale. Their

probability density functions (pdf) are also presented in Figure 12.

toll rate
i weeeeeees Jog-logistic
51 HauR N lognormal
N FRAY .
AV ==-== t-location scale
S T\E
F B
FY CH
.
/

Frequency
(98)
T
~~=o__
—’——“

0.1 0.2 0.3 0.4 0.5 0.6
Weighted average toll rate (€/vehicle/km)

Figure 12. Histogram of results and pdf of fitted distribution for Olympia Odos

Table 12 represents an overview of the point estimates for the tested distributions. Log

likelihood value is the highest for lognormal distribution, indicating the best fit.

Table 12. Point estimates for toll rates fitted distributions for Olympia Odos ($/veh-km)

Distribution Mean Std. error | Variance Std. error Log likelihood
log-logistic 0.192 0.016 0.015 0.008 1054.43
lognormal 0.188 0.016 0.010 0.011 1065.01

t-location scale 0.174 0.003 0.009 0.009 969.49
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The chosen distributions are also tested for the goodness of fit using the chi-square test

and the one-sample Kolmogorov-Smirnov test. The null hypothesis is that the data in
vector 7" comes from a chosen distribution. Tests to determine if the null hypothesis is

rejected or not are performed at the 5% significance level. The summary of results is

presented in Table 13.

Table 13. Summary of results for goodness-of-fit tests for Olympia Odos

Kolmogorov
Chi-square
Distribution p-value -Smirnov p-value
test
test

log-logistic Reject 0.0128 do not reject 0.8512
lognormal do not reject 0.7136 do not reject 0.9917

t location-scale Reject 1.117e-13 reject 0.0002

Following the presented analyses, the lognormal distribution is chosen for further
analysis. The mean value of the lognormal distribution represents the estimate of the
mean for the weighted average toll rate of €0.188 per vehicle per kilometer. The
obtained mean value of the wat, is compared with the level of toll tariffs on Olympia
Odos. The toll rates are defined by a flat rate per kilometer indexed every year
according to the Concession Agreement (Olympia Odos 2015¢). The price per kilometer
was set to €0.04 per kilometer for cars, excluding VAT, for a base year 2003. It is
assumed that the major part of traffic is cars, while it can be expected that trucks are
also a significant share of the traffic composition since Patra is a major port connecting
Greece and Italy. The relationship between the toll rates for all four vehicle categories is
calculated based on the toll tariffs charged at toll plazas (Olympia Odos 2015b). Table
14 presents the summary of the analysis and comparison of the toll rates which were
declared in 2003 and the calculated mean value of the toll rate from the stochastic

model.
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Table 14. Comparison of wat, for Olympia Odos case study

IV Vehicles with
III Vehicles
II Vehicles with or without
with or without
or without trailers with
I Motorcycles, trailers with two
trailers and four or more
tricycles or three axles
height up to axles and height
and height up to
2,20 m in excess of 2,20
2,20 m
m
Assumed traffic
» 2% 70% 2% 26%
composition
Relationships
0.7 1 2.5 3.5
between toll rates
Weighted average
toll rate €/veh/km
(forecasted, VAT 0.082
included, base
year 2003)
Weighted average
toll rate €/veh/km
(mean value, VAT 0.188

included, base

year 2005)

As can be observed, the initial toll rate set for the Olympia Odos concession is lower

than the mean value obtained from the simulation using the stochastic model. For the

given set of input values, the toll rate distribution reveals that there is a probability of

0.5 that the weighted average toll rate of €0.188 per vehicle is financially sufficient,

assuming traffic and construction costs risks. The toll rate for cars, recalculated from the

model, is €0.112 per vehicle, which exceeds by 2.24 times the predefined toll rate of

€0.050 per car (VAT included) that was set before the concession started. Figure 13

represents the cumulative distribution function of vector 7 and the lognormal

distribution with estimated parameters.
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Figure 13. Cumulative distribution functions of toll rates for Olympia Odos with the

predefined toll rate

As specified in the methodology, the final step is to compare the socially acceptable toll
rate with the data. More specifically, to find the probability that the socially acceptable
toll rate will be financially sufficient. Here, the toll rate set in the contract is compared
with the values of toll rates following selected lognormal distribution. There is a
probability of 0.1 that the predefined weighted average toll rate is financially sufficient
given the assumed risks (gray line in Figure 13). This result may not be surprising today
since the project was already a subject of re-negotiation with the government due to the
realization of some of risks (low traffic, opposition of users to pay tolls, etc.).

At the time the project was tendered, the economic situation in Greece was much
different, yielding different economic and financial environments. Although the
government provided significant subsidies for the project, the financial crisis caused
overall instability in the country which is reflected in the drop of traffic demand and
lack of users willingness to pay for using roads. The results showed that even when the

project is supported with a loan-free investment covering significant capital
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expenditures, the project cannot continue its operation as financially self-sustained if
traffic decreases, i.¢., if the traffic risk materializes.

The applied stochastic model, as shown, is able to capture uncertainties and provide
valuable insights into the project's behavior under different circumstances. It is difficult
to capture macroeconomic uncertainties at the project level, but the stochastic approach
for modeling traffic behavior over time may be a good context for capturing systematic
risks. Extreme events which are outside the scope of project management may be
captured even in the early phases of project development. This early information is
valuable to help in the timely identification of potential risks and to foster adequate risk
management strategies.

Now it is known that long-lasting contractual obligations are subject to a number of
risks which are dynamic in nature. Some of them may have a high impact on the project
such as the world financial crisis which had a significant influence on Greece's
economic and financial stability. A lesson which can be learned from this case study is
that the risk evaluation needs to be upgraded to more sophisticated models, such as
stochastic models, which are able to capture various levels of risks over time. This
enables a better understanding of a project's dynamic behavior over time for all
stakeholders and allows the timely development of appropriate risk management
strategies.

Belgrade Bypass, Serbia

Serbia is located in South East Europe (Figure 14). Its state road network is 16,700 km
in total length, out of which 667 km are state highways (PE Roads of Serbia 2015a).
Due to a lack of proper maintenance and a deficiency of new investments for a long
period of time, the road network is in relatively poor condition with a low level of
service. In recent years, most of the infrastructure project investments have been
financed through loans from major development banks with a couple of projects
financed from the budget. So far, in Serbia there was one unsuccessful attempt to

deliver a PPP highway project — the Horgos—Pozega project in 2007.
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Figure 14. Serbia road map
(http://www.ezilon.com/maps/europe/serbia-road-maps.html, accessed 29.03.2015.)

The Belgrade Bypass project dates back to 1972 when it was included in the city’s
Master Plan. During the 1980s, the European Investment Bank (EIB) provided a loan
for the project development which led to the beginning of the construction phase in
1991. Soon after, the loan was canceled due to political problems related to the
disintegration of former Yugoslavia. During the 1990s, one section (from Dobanovci to
Ostruznica) was partially constructed from public funds (only one carriageway) along
with the bridge over the Sava river. It was ready to be opened for traffic in 1999, but the
bridge was heavily damaged in the NATO bombing campaign and the whole section
was closed to traffic until 2005. The repair and reconstruction of the bridge was
financed from the public funds. In 2005, a new feasibility study for the Belgrade Bypass
project was prepared. Following this study, the EIB and the European Bank for

Reconstruction and Development (EBRD) provided funds for the construction works.
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As of today, some sections of the project are completed, while some sections are still
under construction.
The Belgrade Bypass project is divided into three sections:

- Section A, L=9.7km from Batajnica to Dobanovci;

- Section B, L=37.3km from Dobanovci to BubanjPotok;

- Section C, L=22km from BubanjPotok to Starcevo.
It represents the connections among the parts of the road network from west, north,
southwest, south, and east (Figure 15). Traffic coming from the north (from the
Hungarian border and the city of Novi Sad) on highway E-75 is redirected on the
northern city border to by-pass the city (section A). It has a connection with highway E-
70 on the western city border (that comes from Croatia) and continues to the south over
the Sava river. It is again connected with E-75 at the southern city border at Bubanj

Potok (section B). The last section, section C, goes east to Pancevo and Starcevo.
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Figure 15. Belgrade Bypass map
(http://sr.wikipedia.org/wiki/Auto-putna_obilaznica oko Beograda, accessed
17.02.2015.)
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Sections A and B (partially) are currently under operation and/or upgraded. Section C is
still in the early phases of project development, and the delivery of this section is not
anticipated in the near future. Section A and parts of section B have been delivered
through the public procurement process (design-build or design-bid-build, depending on
the section procured). Operation and maintenance are the responsibility of the Public
Enterprise “Roads of Serbia.” All sections are non-tolled, although there have been
some discussions of the introduction of toll tariffs. For this reason, the project is
selected as a case study to test how the currently acceptable level of toll rates in Serbia
corresponds with the financially required toll rates, assuming that the project would be
delivered as a PPP.

Most of the input data are adopted from the feasibility study prepared in 2005 (Scott
Wilson Kirkpatrick 2005). Assuming that the delivery of the project occurred in the next
few years after the feasibility study was prepared, the first year of project operation
phase would have been set to be 2010. The base year for the application of the
stochastic model, i.e., for the financial feasibility assessment, is 2005. In the feasibility
study, several scenarios were analyzed. Staged development included the analysis of
scenarios with building one carriageway as the first phase and adding the second
carriageway later as the second phase. Some scenarios included the construction of the
carriageway in full width. Here, it is assumed that the project is delivered in the full
carriageway width.

It is considered that sections A and B are of interest as one PPP project. Section A is a
greenfield section while section B is considered as brownfield. Section B represents the
new alignment along with the old route and thus it is assumed that the estimates of
initial traffic volumes are not subject to large errors. The total investment for section A
is € 74.6 million and for section B is € 280.2 million. These investments include the
construction costs, land acquisition, project design, and supervision of works. The total
investment is considered a random variable with a normal distribution representing the
construction risk. The mean value of the total investment for the greenfield section A is
increased by 20%, and the standard deviation is assumed to be 30%, reflecting the
evidence from the literature about the typical cost escalation of road projects. The mean

of the total investment for the brownfield section B is adopted from the feasibility study,
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and the standard deviation is assumed to be 10%. The full width of the carriageway
consists of 4 lanes with two emergency lanes. It is assumed that the construction phase
would last 2 years. It is also assumed that the operation cost has two parts: the
percentage of the construction cost p= 10% and the cost of having a transaction per
vehicle g= €0.05.Maintenance costs are estimated using the modified formula adapted
from Heggie (1995).

The economic analysis in the feasibility study included a sensitivity analysis of different
scenarios: realistic and pessimistic scenarios (Scott Wilson Kirkpatrick 2005). These
two scenarios are applied for forecasts of GDP growth, which was then related to
forecasts of traffic growth and changes in traffic composition, i.e., an increased number
of trucks with two or three axles. The elasticity of traffic demand to changes in per
capita income was estimated as 1.2 which is considered suitable for central and east
Europe. According to the results of traffic simulations, traffic volume on the Belgrade
Bypass would drop with the introduction of toll tariffs. It is expected that 5% of traffic,
for the realistic scenario, would diverge to other available routes, while the pessimistic
scenario yields to a diversion of 16%.

In the case of having toll charges on sections A and B of the Belgrade Bypass, the
advanced model for traffic forecasts is adopted in order to capture related uncertainties.
Beside capturing the risks of traffic shifts to other alternative routes, it is also important
to capture the uncertainties in the estimates of the initial traffic, especially for the
greenfield sections. The deterministic model is adopted for the initial traffic estimate for
brownfield sections.

It is assumed that the initial traffic for the greenfield Section A is a continuous random

variable which follows a normal distribution. The mean of the normal distribution of
initial traffic is calculated as the averaged initial traffic A4DT;" from data given in the

feasibility study for the year 2010, reduced by 5% to reflect the expected shift of traffic

to other routes due to the introduction of tolls. For Section A, the mean of the initial

traffic AADT, , is set at 71,500 vpd, and the standard deviation is assumed to be 10,000

vpd. For the brownfield Section B, the initial traffic averaged across all sub-sections

AADT, s set at 40,800 vpd. No variability in initial traffic is assumed.
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In the feasibility study, the traffic growth rate was estimated at 6% for period 2006-
2011 and 3.5% after 2011. Here, it is assumed to be constant throughout the concession
period at 5%. In 2005, the inflation in Serbia was 16.1%, but it was lower in the
following years (World Bank 2015a). Here, it is assumed that the inflation rate is 10%.
The corporate tax rate is 10% (Tesche 2005), and it is assumed that the nominal interest

rate is 12%. Table 15 summarizes the input parameters for the Belgrade Bypass case

study.

Table 15. Overview of input values for the Belgrade Bypass case study

(base year 2005)

A. Project Parameters Note*
Concession term = 25 years A
Investment costs I
Section A = €89.5million; Section B =€280.2 million
Standard deviation of total investment A

Section A = €27 million; Section B = €28 million
Construction period =2 years
Distribution of works during the construction period:
1st year 50%, 2nd year 50%
E| AADT, , |= 71,500 vehicles per day
std [AADTO,A ]: 10,000 vehicles per day
AADT';= 40,800 vehicles per day
Standard deviation of 44DT=0.2
Traffic growth = 5%
No of lanes =4
Project length = 47km
Section A =9.7km;
Section B =37.3km
Equity = 20% of the investment costs
Government subsidies to the capital costs =20% of the investment costs
Inflation = 10% per year
Value added tax (VAT) =18%
Corporate tax = 10%

>

B. Loan Terms

Nominal Interest rate=12% per year

Type of repayment = level-annuity basis (principal + interest = constant)
Grace period= 2 years

Repayment period=15 years

> > > >

C. Financial Constraints

Financial internal rate of return of the project (FIRR) >12%
Return on equity (ROE) >16%
Annual debt service coverage ratio (ADSCR) >1.2

> > >

*I-values retrieved from the literature, A-assumed values

85



Simulations are run separately for section A and for section B. In order to reduce
computational efforts for section A, the number of generated random values of the
initial traffic volume, traffic volatility over time, and construction costs is #=200. The
number of simulations for the toll rate calculations is » =200. For section B, the number
of generated random values is #=1,000, and the number of simulations for toll rate
calculations is 7 =1,000. The generated data of random vectors for toll rates are divided
by the project length to obtain weighted average toll rates in € per vehicle per kilometer.
A histogram of toll rates 7" for section A is presented in Figure 16. The distribution has
a long right tail and, again, the same three distributions were chosen based on their fit to
generated data: lognormal, log-logistic, and t-location scale. Their probability density

functions (pdf) are also presented in Figure 16.
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Figure 16. Histogram of results and pdf of fitted distribution for the Belgrade Bypass
Section A
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Table 16 represents the overview of point estimates of the toll rate for the tested
distributions. Log likelihood value is the highest for log-logistic distribution, indicating
the best fit.

Table 16. Point estimates for toll rates fitted distributions for the Belgrade Bypass
Section A (€/veh-km)

Distribution Mean Std. error | Variance | Std.error | Log likelihood
log-logistic 0.118 0.029 0.003 0.014 333.20
lognormal 0.118 0.030 0.003 0.022 331.56
t-location scale 0.110 0.003 0.003 0.003 319.48

Chosen distributions are also tested for the goodness of fit using the same two tests as

earlier: chi-square test and one-sample Kolmogorov-Smirnov test. The null hypothesis
is that the data in vector 7" comes from a chosen distribution. Tests to determine if the
null hypothesis is rejected or not are performed at the 5% significance level. The

summary of results is presented in Table 17.

Table 17. Summary of results for goodness-of-fit tests for the
Belgrade Bypass Section A

Kolmogorov
Chi-square
Distribution p-value -Smirnov p-value
test
test

log-logistic do not reject 0.9968 do not reject 1.0000

lognormal do not reject 0.8124 do not reject 0.9999

t-location scale reject 9.597e-004 | do not reject 04820

Following the presented analyses, the log-logistic distribution is chosen as the
distribution with the best fit. The mean value of the log-logistic distribution represents
the estimate of the mean for a weighted average toll rate of €0.118 per vehicle per
kilometer for Section A.

The same steps are repeated for section B. A histogram of toll rates 7" is presented in

Figure 17. Distribution has a long right tail and, again, the same three distributions were
chosen based on their fit to generated data: lognormal, log-logistic, and t-location scale.

Their probability density functions (pdf) are also presented in Figure 17.
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Figure 17. Histogram of results and pdf of fitted distribution for the Belgrade Bypass

Section B

Table 18 represents an overview of point estimates for the tested distributions. Log

likelihood value is the highest for log-logistic distribution, indicating the best fit.

Table 18. Point estimates for fitted distributions of toll rates for the Belgrade Bypass
Section B (€/veh-km)

Distribution Mean Std. error | Variance | Std.error | Log likelihood
log-logistic 0.154 0.010 0.003 0.004 1625.73
lognormal 0.156 0.010 0.003 0.008 1613.16

t-location scale 0.144 0.001 0.004 0.001 1547.84

The chosen distributions are also tested for the goodness of fit using the same two tests

as earlier: chi-square test and one-sample Kolmogorov-Smirmov test. The null
hypothesis is that the data in vector 7" comes from a chosen distribution. Tests to

determine if the null hypothesis is rejected or not are performed at the 5% significance

level. The summary of results is presented in Table 19.
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Table 19

. Summary of results for goodness-of-fit tests for the

Belgrade Bypass Section B

Kolmogorov
Chi-square
Distribution . p-value -Smirnov p-value
est
test
log-logistic reject 8.345¢-004 | do not reject 0.4040
lognormal reject 1.666e-007 reject 0.0147
t-location scale reject 9.277e-013 reject 8.908e-006

Following the presented analyses, the log-logistic distribution is chosen as the
distribution with the best fit. The mean value of the log-logistic distribution represents
the estimate of the mean for a weighted average toll rate for Section B of €0.154 per
vehicle per kilometer.

Although having different values of toll rates for section A and section B can be
expected, it might be surprising that the mean value of toll rates is lower for the
greenfield section A than for the brownfield section B. With the assumption that
greenfield sections bring higher risks, the presented results confirm the well-known fact
that traffic risk is the main risk in PPP contracts. Section A has higher initial traffic
which reduces the impact of construction and maintenance risks on financial outcomes.
On the other side, section B has lower initial traffic, and the project remains vulnerable
to other risks which, in this case, have higher impact on financial strength of the project.
The mean value of the wat, for both sections is compared with the level of toll tariffs in
Serbia. The defined toll rates in the feasibility study are based on a flat rate per
kilometer according to the PE Roads of Serbia (Scott Wilson Kirkpatrick 2005). The
price per kilometer was set to €0.02 per kilometer for cars, €0.06 per kilometer for
vehicles with two or three axles with or without trailers, and €0.12 per kilometer for
vehicles with four or more axles with or without trailer. Traffic composition was also
introduced in the feasibility study where it is estimated that 85% of traffic are cars, 6%
of traffic are the second category and 9% of traffic are the third category vehicles.
However, the toll rates given in the feasibility study are lower than the actual toll rates
currently charged on motorways in Serbia. Thus, the toll rates which are considered as
socially acceptable are €0.03 per kilometer for cars, €0.08 per kilometer for the third
category, and €0.15 per kilometer for the fourth category (Automobile and Motorcycle
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Association of Serbia 2014). Table 20 presents the summary of the analysis and the

comparison of weighted average toll rates which are socially acceptable in Serbia with

the calculated mean value of the weighted average toll rate from the stochastic model.

Table 20. Comparison of wat, for the Belgrade Bypass case study

I Cars

II Vehicles with
or without
trailers with two

axles

IIT Vehicles
with or without
trailers with two

or three axles

IV Vehicles with
or without
trailers with
four or more

axles

Current toll rates
in Serbia €/km
(socially
acceptable, VAT
included)

0.03

N/A

0.08

0.15

Assumed traffic

composition

85%

N/A

6%

9%

Weighted
average toll rate
€/veh/km
(socially
acceptable, VAT
included)

0.044

Weighted
average toll rate
Section A
€/veh/km (mean
value, VAT
included)

0.118

Weighted
average toll rate
Section B
€/veh/km (mean
value, VAT
included)

0.154
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The acceptable toll rate is lower than the mean value obtained from simulations for both
sections. For the given set of input variables, the weighted average toll rates of
€0.118per vehicle per km and €0.154 per vehicle per km have a probability of 0.5 to be
financially sufficient. The weighted average toll rate which is socially acceptable €0.044
per vehicle per km corresponds, for example for section B, to less than 0.01 of the
cumulative distribution function. In other words, there is a probability of 0.01 that the
socially acceptable toll rate is at the same time financially sufficient. The toll rate for
cars, which is calculated from the weighted average toll rate, is €0.11per vehicle, which
is almost three times more than the current level of toll rates in Serbia.

The analysis of the Belgrade Bypass case study as a PPP toll road shows that the
weighted average toll rate for both sections is higher than the level of toll rates which
users are currently paying in Serbia. Assuming the variability of input parameters
reveals that the socially acceptable toll rate covers less than 1% of assumed risks, even
for the brownfield section. The main drawbacks of the project delivered as a PPP would
be: the relatively low percentage of vehicles which pay high toll tariffs and the project’s
position in the surrounding network which allows relatively easy access to the
competing non-tolled motorway.

Since some sections of the project are currently under operation on a non-tolled basis, it
is possible to observe how some of the risks have materialized. Both sections A and B
have experienced lower traffic than forecasted. The AADT is in the range from 9,000
vpd to 15,000 vpd for the period from 2009-2013 (PE Roads of Serbia 2015b). On the
other hand, the number of heavy trucks (vehicles in the 4t category) is higher than
estimated on some sections: from 9% to 17% for the same time period.

It can be assumed that posing tolls would change the composition of traffic and
additionally reduce it. The financial structure of the project as assumed in this case
study can be considered as not sustainable over time and the project would probably be
subject to renegotiation. The contribution from the government would probably need to
be more substantial, possibly both as a subsidy to the construction costs and as some

kind of revenue guarantee active throughout the life of the project.
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Summary

Case studies are used to illustrate the developed methodology and to assess the level of
the impact that the stochastic model has in the price of tolls. The case study of the
Olympia Odos in Greece has shown that the project’s external uncertainties, such as the
country's sovereign debt crisis, can be captured with the random component of traffic
forecasts. The case study of the Belgrade Bypass represents an example when traffic
forecasts for greenfield sections can be captured by using the additional risk component
— initial traffic as a random variable. This case study also confirms that the magnitude of
an error in the traffic forecast leads to a financially weak project. Both case studies
reveal that the socially acceptable toll rate, i.e., the toll rate currently charged to the

users, financially covers only a minor share of the assumed risks.
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CHAPTER VII
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Following the presented methodology, the developed models and the lessons learned
from the case studies, this chapter concludes this dissertation with the main findings,
conclusions, and recommendations for future research.

Summary

Public-private partnerships are currently being implemented in infrastructure projects
through a range of different contracts from maintenance and repair projects to expansion
and development of new public infrastructure. The available tools and models for
project evaluation are largely focused on the generalized cases. In reality, only a small
portion of the projects are full-scale PPPs where the private partner has the autonomy to
select the toll rate and make independent engineering and construction decisions. A
large portion of projects delivered as PPPs are agreements between the public and the
private partners with predefined roles, obligations, constraints, and risk-sharing
mechanisms.

Observing a single road project, the associated risks can be grouped as systematic and
unsystematic risks. Systematic risks, in the case of PPP toll roads, relate to the macro-
economic conditions and other market risks which cannot be controlled and managed at
the project level. In this research, it is assumed that the stochastic traffic model can
capture the systematic component of project risks, thus integrating the price of those
risks in the toll tariffs. Unsystematic risks are risks related to the project itself, like
construction and O&M elements of the project, and thus can be controlled and managed
at the project level. It is assumed that these risks can be captured with the introduction
of these elements as continuous random variables.

This dissertation introduces a new model that can capture the effect of a predefined
socio-economically acceptable toll rate set by the public sector on the feasibility of the
project and the risk allocation policy. Therefore, it can be a useful tool for the decision-
makers and stakeholders in PPP toll road agreements for an early assessment of a
project’s financial soundness.

The purpose of the presented methodology is to assess a single value, the probability

that the socially acceptable toll rate is financially sustainable. This interpretation can be
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used to identify potential pitfalls at the beginning of the financial analysis and risk
assessment of a project, indicating the possibility of the project’s financial success or
failure. This interpretation also gives an estimate of the “toll rate risk,” the risk that the
agreed or assumed toll rate is not financially sufficient.

The methodology has several potential applications and may assist several stakeholders.
One of the main purposes may be in the procurement processes where the bidder is
bidding on the toll rate. The public sector may estimate the level of risk that the
concessionaire is willing to accept through the toll rate which is offered. Also, the risk
behavior of the concessionaire may be estimated, i.e., which bidder is more aggressive
and willing to take risk in the bidding process. The concessionaire may use this tool to
upgrade their current evaluation methods to an advanced level of volatility assessment.
This tool will help in better understanding the interrelations among project parameters
and their uncertainties and evolution over time. Another potential application is in the
evaluation of the project based on other types of repaying mechanisms such as shadow
tolls and availability fee.

The rating agencies, development, and commercial banks may also benefit from this
tool. Although the stochastic models are already in use by rating agencies, the model
which calculates the distribution of toll rates enables new insights into the project's
financial strength. It assembles several aspects of the project into single information that
is easy for understanding the probability that the socially and economically acceptable
toll rate is sufficient and sustainable to keep the project feasible.

The developed methodology and applied stochastic model represent a considerable step
forward in the risk management of PPP road projects. The timely risk identification
would allow better allocation of time for identification and development of the
appropriate risk-management strategy.

Research findings

Developing the methodology for the assessment of the financially and socio-
economically acceptable toll rates reveals several research findings. Drawing on the
lessons learned from the deterministic and stochastic model development and the
application of the methodology on case studies, the following findings can be

highlighted:
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- looking at the changes of toll rates to any change in the A4DT or
construction costs within the project scope exclusively, i.e., “inner” elasticities,
it can be observed that changes in the AADT or construction costs require
adjustments of toll rates in order to keep the predefined financial constraints
fulfilled as expected. It is anticipated that the stochastic model can capture this
more realistically through the distribution of toll rates covering possible
uncertainties of traffic and the materialization of construction risks.

- sensitivity analysis of the deterministic model revealed that operation
and maintenance costs do have a certain impact on the financial dynamic of the
project. The increase in O&M costs increases “inner” elasticities indicating the
project’s internal vulnerability to any change in other “inner” parameters.
Following these findings, the analysis and testing of the stochastic model
showed that each risk has its share in the toll price. The analysis revealed that
changes in O&M costs may have a considerable impact on toll tariffs.

- uncertainty in the initial traffic estimates, when introduced in the
stochastic model, increases the toll rate needed to maintain the financial
structure of the project at the required level. In other words, more risks utilize
more money to cover those risks.

- both case studies revealed that socially acceptable toll rates financially
cover only a minor share of the assumed risks. These findings highlight the
importance of timely risk assessment and proper risk allocation since the risk
materialization may significantly impact the operational life of the project and

fulfillment of debt obligations.

Conclusions

Forecasting a system behavior in a dynamic environment is a challenging task,

especially if the system under consideration is part of a wider system which also evolves

over time. In this research, a toll road project and its defining parameters is the system

under consideration. Such a system is delivered in the dynamic environment comprised

of the larger road and transport network. Interactions among all elements of the system

are numerous and quite complex. It is difficult to capture all these interactions under

one PPP agreement which is designed to keep the project feasible over time for all

stakeholders.
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Decision-making in such a dynamic environment is a challenging task. Prioritizing
transportation projects which need to be delivered is a socio-economic, multi-objective
optimization problem. However, once the project gets a green light, the next step is to
decide on the model for project delivery and finance, e.g., from the budget, from
government-backed loans, or as a PPP project.

If a PPP project gets approved but the risks are not assessed and analyzed in the early
phases of project development, the picture of project success can be misleading and can
lead decision makers to controversial decisions. Even if the project's delivery can be
fostered by government subsidies, its operational and financial life can be jeopardized
due to the realization of risks. Timely and understandable information about potential
risk scenarios is crucial in raising awareness among decision makers and stakeholders
about possible costly downturns.

Recommendations for future research

Further research will expand the analysis of the maintenance costs to include periodic
activities such as rehabilitation or reconstruction of the carriageway. Since these
activities usually involve large investments, the question which arises here is how the
selection of different maintenance strategies impacts the financially required toll rates.
Also, options to expand the capacity, e.g., staged development, are subjects of further
research as their application in PPP projects are getting attention. These options enable
the better use of needed funds over time and the better management of associated
uncertainties.

Operation costs are modeled as a function of construction costs and traffic volumes. A
subject of further research is to investigate which part of the function has a higher
impact on toll rates.

Options to specify the limit for traffic volumes is also a subject of interest. The number
of lanes determines the maximum capacity of the highway, so introducing the model of
the maximum cap for AADT will help in better representing the real cases.

The presented model considers three random variables, but the variability of other
parameters over time may also be present and considered. The model can be expanded
to include other risks such as performance risk, etc. Moreover, some of these risks may

be correlated, thus increasing the variance of the resulting distribution. The price
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elasticity of demand and its correspondence with the model is also subject of further
research.

In some cases, the ADSCR is the strictest constraint, while in some cases IRR or RoE are
prevailing. This depends on the mix of equity, debt, and subsidies, as well as the level
required for these constraints. A subject of further research is to investigate which

constraint is prevailing in the composition of financial structure.
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IX APPENDICIES

Appendix I
User’s guide

This appendix summarizes the information needed to run the set of simulations for the
stochastic model. Its intent is to provide prospective users with sorted parameters as an
input to the model and to clarify its output. Input parameters are divided into five
different groups: technical parameters, financial structure, debt structure, country
specific economic parameters and financial constraints. Type of repayment is assumed
to be on level-annuity basis — principal plus interest is constant over the repayment
period. This assumption cannot be changed in this version of the model. The output is
the vector of random values of financially required toll rates. Notation is the same as in
the code for better following.
Input

e MC: number of Monte Carlo simulations

e No_sim: Number of sampling
Technical parameters:

e (CL: Concession life

e (P: Construction period

e PW: Distribution of works during the construction period

e [:project length in km, both tolled and non-tolled sections, if any

e [t length of tolled sections

e Lanes: number of lanes for maintenance

e (CCmean: Estimated construction cost

e (Cstd: standard deviation of construction costs

e (OC: Operation cost

e MC: Maintenance costs

o  AADTO0: Estimated initial daily traffic

o stdAADTO0: Standard deviation of initial daily traffic

e TG: Traffic growth

e Std: Volatility of traffic over time

Financial structure:
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e ]S: Percent of government subsidies
e FE: Percent of equity
Debt structure:
e RP: Debt maturity, repayment period
e [R: Interest rate
e GP: Grace period
Country economic parameters:
e [nf Inflation rate
e CTR: Corporate tax rate
e VAT: value added tax rate
Financial constraints:
e  ADSCR: Annual debt service ratio
e /RR: internal rate of return

e ROE: return on equity

Output

e toll rate MC: vector with random sample from the population which represents

the financially required toll rate (weighted average toll rate)

This output ends the code for the simulation of the stochastic model for calculation of

financially required toll rates. Users need to continue with the available statistical

program packages to test the sample, to find the distribution with the best fit and to

determine the probability that the socially acceptable toll rate is, in the same time,

financially sufficient.
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Appendix 11
Code for application
This appendix is a copy of the code developed in MATLAB for the simulation of the
stochastic model. The basic code (marked *) calls two functions for the simulation of
the geometric Brownian motion (marked ** and ***),

*Stochastic model

clear all

CL=25; %concession life, in years

CP=2; S%construction period, in years

1=47; %$section length in km, both greenfield and brownfield, needed to
calculate maintenance costs

Lt=47; %length of the project with toll tariffs

lanes=4; Snumber of lanes

PW=zeros (1,CP);

W(l,1)=0.5; Spercent of construction work in 1lst year
W(l,2)=0.5; S$percent of construction work in 2nd year
A=CL-CP; %amortization, in years

IS=0.2; %investment subsidies

E=0.2; %equity

RP=15; %debt maturity, in years

IR=0.12; %interest rate

INFR=0.10; %inflation rate

GP=2; S%grace period, in years

CTR=0.1; S%corporate tax rate

VAT=0.18;

g=0.05; %cost of transaction per vehicle as part of operation costs
pc=0.1; Spercent of construction costs as operation costs
ADSCR=1.2; %annual debt service cover ratio

IRR=0.12; S%$internal rate of return

ROE=0.16; Sreturn on equity

MC=200; %number of Monte Carlo simulations

No sim=200; %No of sampling
toll rate sim=zeros(No_ sim,MC); Screate matrix with toll rates data
toll rate temp=zeros (No_sim,No_sim); Screate temporary matrix with

toll rates
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for ii=1:1:MC

%$initial traffic as random variable

AADT0=49100;%initial traffic

stdAADT0=7000; $standard deviation of initial traffic

AADTO = randn(No_sim,1l)*stdAADTO+AADTO; Sinitial traffic as normal

distribution

for iii=1:1:No_sim

$generate construction costs CC from normal distribution
CCmean = 337800000;
CCstd = 30000000;

CC = randn (No_sim,1)*CCstd+CCmean; S%construction cost, in USS

%generate traffic as Geometric Brownian motion

D=AADTO (iii,1); S%start traffic, assumed value at the Dbeginning of
operation life at T=0, in veh/day

TG=0.05; %traffic growth

std=0.2; %GBM volatility of traffic

test simplest montecarloO %function as a separate code, marked with **
St=transpose(S); S%returns matrix with traffic volumes over concession

life

$set up matrix with AADT
temp=zeros (No_sim,CP);
St(:,1)=[17

AADT=[temp St];

%$Inflation factor for concession period and number of simulations
I=zeros (1,CL+1);
for i=1:1:(CL+1)

I(1,1)=(1+INFR)"1i;

end

$generate operation and maintenance costs

OC=zeros (No_sim,CL);
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M=zeros (No_ sim,CL) ;
%Operation cost and Traffic volume for concession life
Operation=zeros (No_sim,CL) ;
Traffic=zeros (No_sim,CL);
for j=1:1:No_sim
for 1i=1:1:CP
M(3,1)=0;
OC(j,1)=0;
Operation(j,1)=0;
Traffic(j,1)=0;
end
for i=(CpP+1) :1:CL
M(j,1)=(1700*2+ (0.5*AADT (j,1)))*L; Smaintenance costs
according to Heggie's formula
OC (j,1)=pc*CC (j,1) +q*AADT (j, 1) *365+M(j, 1) ; sfirst
terms is 10% of CC as operation cost,
%second term is cost per transaction per vehicle per
year
Operation(j,1)=0C(j,1i)*I(1,1i);
Traffic(j,1)=RAADT (j,1)*365;
end

end

$Construction expenditures

Con_costs=zeros (No_sim,CP) ;

Con_cost total=zeros (No_sim,1);

Equity=zeros (No_sim,CP);

Equity total=zeros(No_sim,1);

Subsidies=zeros (No_sim, CP);

Subsidies total=zeros (No_sim,1);

Debt wo=zeros (No_sim,CP); %debt without capitalised interest
Cap_interest=zeros (No_sim,CP); %Capitalised interest
Cap_interest total=zeros(No_sim,1);

Debt=zeros (No_sim,CP); %drawdowns

Debt total=zeros(No_sim,1);

for j=1:1:No_sim
for i=1:1:CP
Con _costs(j,1)=PW(1,1i)*CC(j,1)*I(1,1);
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Cap_interest total(j,1l)=Cap_interest total(j,1l)+Cap interest(j,1i);

end

Con _cost total(j,1)=Con _cost total(j,1)+Con costs(j,1i);
Equity(j,i)=Con_costs(j, 1) *E;
Subsidies (j,1)=Con_costs(j,1i)*IS;
Subsidies total(j,1l)=Subsidies total(j,1)+Subsidies(j,1i);
Debt wo(j,1i)=Con_costs(j, i) * (1-E-IS);

end

Cap_interest (j,1)=(Debt wo(j,1)/2)*IR;

Debt (j,1)=Cap_interest (j,1)+Debt wo(j,1);

Cap_interest (j,2)=(Debt(j, 1)+ (Debt wo(j,2)/2))*IR;

Debt (j,2)=Cap_interest (j,2)+Debt wo(j,2);

for i=1:1:CP

Debt total(j,1)=Debt total(j,1)+Debt(j,1i);
Equity total(j,1l)=Equity total(j,1l)+Equity(j,1i);

end

$Amortization

Amort=zeros (No_sim,CL) ;

Amort no_int=zeros (No_ sim,CL);

for

j=1:1:No_sim
for i=(CP+1) :1: (CP+A)
Amort (j,i)=(Con_cost total(j,1)+Cap interest total(j,1)-

Subsidies total(j,1))/A;

end

Amort no_int(j,i)=Con cost total(j,1)/A;

end

$Debt Service

P=zeros (No_sim,CL);

Int=zeros (No_sim,CL);

for j=1:1:No_sim

GP),

[Principal, Interest,Balance, Payment]=amortize (IR, (RP-
Debt total(j,1));
for i=1:1: (RP-GP)
P(j,1i+GP)=Principal (1,1);
end

for i=1:1: (RP-GP)
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Int(j,1i+GP)=Interest(l,1i);
end
for i=(CpP+1) :1:GP

Int(j,1)=Debt total(j,1)*IR;
end

end

$toll rate calculation for minimum ADSCR
TR _ADSCR=zeros (No_sim,CL);
for j=1:1:No_sim
for i=(CP+1) :1:RP
TR ADSCR(j,i)=(ADSCR* (Int (j,1)+P(j,1))+Operation(j,i)-

(Operation(j,i-1)+Amort (j,i-1)+Int(j,1i-1))*CTR)/ (Traffic(j,1i)*I(1,1i)-

Traffic(j,i-1)*I(1,i-1) *CTR);
end

end

%toll rate calculation for minimum project IRR, real terms
Temp ll=zeros (No_ sim,CL);
Temp 2l=zeros (No_sim,CL);
for j=1:1:No_sim
for i=(CP+1) :1:CL
Temp 11(j,i)=(Operation(j,i)- (Operation(j,i-
1) +Amort no_ int (j,i-1))*CTR)/I(1,1);
Temp 21(j,i)=(Traffic(j,i)*I(1,1i)-Traffic(j,i-1)*I(1,i-
1)*CTR) /I(1,1);
end
for i=1:1:CP
Temp 11(j,i)=Con costs(j,1i)/I(1,1);
end
end
TR _IRR=zeros (No_sim,CL) ;
for j=1:1:No_sim
for i=(CP+1) :1:CL
X11l=Temp 11(j,1:i);
X21=Temp 21 (j,1:1);
TR_IRR(j,i)=pvvar (X11l,IRR)/pvvar (X21, IRR);
end

end
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Temp l2=zeros (No_sim,CL+1);
Temp 22=zeros (No_sim,CL+1);
for j=1:1:No_sim
for i=(CP+1) :1:CL
Temp 12 (3j,1)=(Operation(j,i)+Amort(j,i)+Int(j,1i))* (1-
CTR) /I(1,1);
Temp 22 (j,1)=(Traffic(j,1)* (1-CTR));
end
for 1i=1:1:CP
Temp 12 (j,1i)=Equity(j,i)/I(1,1);
end
Temp 12 (j,CL+1)=Equity total(j,1)/I(1,CL+1);

end

TR _ROE=zeros (No_sim,CL+1);
for j=1:1:No_sim
for i=(CP+1):1: (CL+1)
X12=Temp 12(j,1:1);
X22=Temp 22(j,1:1i);
TR_ROE (j, i)=pvvar (Xx12,ROE) /pvvar (X22,ROE) ;
end

end

toll rate=zeros (No_sim,1);
TR=zeros (No_sim, 3);
for j=1:1:No_sim
TR _ROE (~TR_ROE) =inf;%remove zeros from vector

TR_IRR (~TR_IRR)=inf;

TR(J, :)=[max (TR_ADSCR(]j,:)) min(TR_IRR(Jj,:)) min(TR ROE(Jj,:))];

toll rate(j,1)=max(TR(J,:))* (1+VAT);

end

for j=1:1:No_sim
toll rate temp(j,iii)=toll rate(j,1);
end

end
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toll rate temp average=mean (sort (toll rate temp),2);

for j=1:1:No_sim
toll rate sim(j,ii)=toll rate temp average(j,1);

end

h = waitbar (0, 'Please wait...");
wailtbar (1ii/MC)
close (h)

end

toll rate MC=mean (sort(toll rate sim),2)/Lt;

**test simplest montecarlo(

S0 = D; %Traffic in year O

mu = TG; sdrift, traffic growth

sigma = std; $volatility, traffic dispersion over time

T = CL-CP; Snumber of years of operation life

nb traj = No_sim; Snumber of simulations

step = 1; %$step at which simulation is calculated, if is equal

to 1, it is simulated each year

[s, t] = simplest montecarloO( sigma, T, nb_traj,

sfunction as a separate code, marked with ***

***simplest montecarlo0

S0, mu, step);

function [S, t] = simplest montecarloO( sigma, T, nb traj, S0, mu,

step)

nT = ceil (T/step);

W = sigma * sgrt(step) * cumsum(randn(nT, nb_traj));
¢ = repmat((mu - sigma”2/2) *step * (1:nT)',1,nb traj);
S = [repmat (s0,1,nb traj); SO0 * exp( c + W)];

if nargout > 1
t = [0;step * (1:nT)'1:;

end

%GBM with
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Mpwunor 1.

UsjaBa 0 ayTopcTBY

MoTnucaHn-a BEBEHA RAOANT
6poj nHaekca /

UsjaBrbyjem

[a je JoKTopcka aucepTauuja nog HacrnoBoM

CTOXALTUMEN  MOAEN 2A STBPLUDBAKE
ONTUMAANHE hYTAPUHE

e pe3ynTaT ConCTBeHOr UCTpaXXnBa4Kor pana,

e [a npefnoxeHa gucepTauuja y LENUHU HA Y AENOBMMA Huje Buna npeanoxeHa
3a pobujawe Guno Koje Ounrome npema CTyAWjCKAM nNporpamuma Opyrux
BMCOKOLLIKONCKMX YCTaHOBa,

e [a Cy pe3yntath KOPeKTHO HaBedeHU U

e [a HMCaM KpluMo/na ayTopcka npaBa M KOPUCTMO WHTENeKTyarnHy CBOjUHY
ApYrux nuua.

MoTnuc gokTopaHaa

D

Y Beorpagy, {0222




Mpwunor 2.

U3jaBa 0 NICTOBETHOCTU WITaMNaHe U efIeKTPOHCKe
Bep3uje OOKTOPCKOr paaa

Mme v npesume ayTopa HEBEZRA BAJANT

e
Bpoj ungekca al

Cryaujckv nporpam __ [ PAREBDUHARLTRLO

Hacnos pagpa _(TOXACTUUHEN M(%A.E/\ YA YTBPOUDAKNE ONTUMAIE NYTARYHE
Mentop _ B. Poe. AP, [otan  MaansHopiih

M/( ,J; 7
MoTnucaHw/a , t"«{/l, l{

WsjaBrbyjem ga je wtamnaHa Bepanja MOr OKTOPCKOr paja MCTOBETHA eneKTPOHCKO)
Bep3anju Kojy cam npepao/na 3a o6jaBrbuBakbe Ha noptany AurutanHor
peno3suTtopujyma YHuBep3uteta y beorpaay.

[ossorbaBam fAa ce objaBe Moju NUYHM nojaun Bes3aHu 3a pobujawe akagemckor
3Bara [0KTOpa Hayka, Kao LUTO Cy UMe U npesvme, roguHa u Mecto pofewa n gaTym
onbpaHe paga.

OBy nuuHM nopaum Mory ce 06jaBUTM Ha MpEXHUM CTpaHuuama aurutanHe
BGubnuoTteke, y enekTpoHCKOM KaTtanory u y nybnukauujama YHusepauteTa y beorpagy.

NMoTnuc gokTopaHga

Y Beorpapy, _ (L-05.20(b .
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Mpwunor 3.
UsjaBa o kopuwhemwy
Osnawhyjem YHuepautetcky 6ubnuoteky ,Cetosap MapkoBuh* ga y OurutanHu

penosuTopujym YHusepsuteTa y beorpagy yHece Mojy LOKTOPCKY AucepTauujy nop,
Hacrnosom:

LTOXALTUMEN  MOAEN 3 STBPOUBAKWE
COTUMAARE NYTAPURE

Koja je Moje ayTopcKo Aerno.

AucepTauujy ca cBuM npunosvma npegao/na caM y eniekKTpoHCKoM hopmaTy norogHoM
3a TpajHO apXuBUpatse.

Mojy nokTopcky aucepTauujy noxparweHy y OurutanHu penosutopujym YHuBepsuTeTa
y Beorpagy mory na kopucte cBu Koju nowityjy ogpende cagpxxaHe y ogabpaHom Tuny
nuueHue KpeaTtueHe 3ajegHuue (Creative Commons) 3a Kojy cam ce oasiyymo/na.

1. AyTopcTtBo
2. AyTOpCTBO - HEKOMEpLMjarnHo
3. AyTopcTBO — HekoMepLujanHo — 6e3 npepage
@/AyTOpCTBO — HekomepLumjarnHo — AenuTK NoA UCTMM ycrioBMMa
.’5. AyTopcTBo — 6e3 npepage
6. AyTOpCTBO — AENUTW NoA UCTUM yCrioBMMa

(Monumo ga 3aokpyXute camo jeqHy of WecT MoHyReHMX nuueHuW, KpaTak onuc
nuueHum aart je Ha nonefuHu nucra).

MoTnuc aokTopaHaa

N %’/’v’} B

Y Beorpagay, [4.0 05. 2D




