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ABSTRACT

This report describes the development of a Feasibility Evaluation Model for Toll
Highways (FEMTH). FEMTH is a financial feasibility and risk analysis computer model
developed to assess the degree of financial risk associated with a toll highway project in the pre-
project planning stage. The model incorporates the use of simulation through a spreadsheet add-
in that enables probabilistic risk analyses of the most important variables that affect the financial
outcome of a toll highway project.

The major contributions of this study are: (1) the development of a toll highway pre-
project planning tool that integrates probabilistic risk analysis and simulation concepts that were
not of practical use before into an affordable and easy to use computer model, and (2) a
conceptual and mathematical representation of the major variables that affect the financial

outcome of a toll highway project and their interaction.
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EXECUTIVE SUMMARY

Assessing overall financial risk of a toll road project demands realistically describing the
variability associated with the inputs to the analysis, a task that is partly quantitative and partly
subjective. The context in which toll road projects exist, within a larger transportation system
with competing modes, and within the strategic economic plan of a state, region or nation, must
be well understood in order to reasonably describe the variables influencing their behavior, and
hence, their feasibility. Chapter 2 situates the reader in this macroeconomic transportation
framework and Chapter 3 provides an understanding of the origination of a toll highway and
other essential BOT project concepts. Chapters 4 and 5 set the project life cycle stage at which
this feasibility evaluation model (FEMTH) is intended to be used, and discusses the feasibility
and risk analysis concepts used for project evaluation.

Chapter 6 discusses the development of the FEMTH, from a theoretical concept to its
final application and incorporation of risk analysis in a computer model. This chapter also
describes all the feasibility evaluation input variables and their proposed probabilistic
description, as well as the incorporation of a toll-traffic demand model to predict one of the
model’s most important inputs, traffic.

Chapter 7 brings to light the recent experience with the BOT concept for toll roads in
Mexico, which provided extensive data for this research. It’s problematic example illustrates the
importance of a realistic feasibility and risk evaluation, and exemplifies the high impact that risk
can have in this type of project. In addition, this chapter describes in detail the toll-traffic
demand model within the context of the Mexican toll road network. Chapter 8 applies the
FEMTH to two case studies in the Mexican network, demonstrating that the results yielded by
both the FEMTH and the toll-traffic demand model are fairly reliable when compared to actual
performance of the case studies.

Chapter 9 draws the following major conclusions and recommendations:

1. The application of the risk analysis methodology and computer simulation can effectively
assess the financial risk associated with a toll highway in its early stages and lead to better
investment decisions.

2. The application of the FEMTH before a decision on whether to commit the resources for the
project is made can lead to a total reconfiguration of the project or its definitive
abandonment. The results yielded by the FEMTH can expose and measure the specific

weaknesses of a project. If these weaknesses can be re-assessed, by a reduction in project
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scope or a change in the design strategy, a marginally risky project can be turned into a
profitable investment.

The results of the FEMTH help identify critical risk areas in a toll road project. One of the
most important characteristics of a successful toll road concession agreement is an adequate
risk allocation strategy.

The results yielded by the model can also help governments establish the amount of financial
support granted to projects that are socially needed but not commercially profitable. In this
manner, a financially constrained government can leverage its infrastructure construction

funds.
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CHAPTER 1: INTRODUCTION

Governments throughout the world in both industrialized and developing countries are
experiencing financial problems to expand and maintain their road networks. The causes of
these problems include issues such as development needs, nature of travel demand, growth
pressures, competing modes, and limited government fiscal resources. Traditional government
means are not enough to solve this problem, and a number of alternative solutions to road
infrastructure funding have been explored in recent years. Toll financing and direct private
sector involvement (OECD, 1987) are among the most widely used.

This report views toll highway projects from a private investment perspective. The
primary objective of any private sector investment decision is profitability. According to
Schaevitz (1988), any user-fee financed project, whether public or private, involves the private
sector as lender/investors. Public-private projects, such as a toll highway, involve a degree of
risk and control granted to a private entity. As a condition to assume a greater risk, the private
sector will require greater control and a higher return on the investment. Risk is present in all
stages of a toll highway project, and the degree of risk involved in it will be proportional to its
financial attractiveness. A comprehensive tool that could help to effectively assess the financial
risk associated with a proposed toll highway would certainly be of extraordinary value to
potential investors and analysts.

BACKGROUND

In recent years there has been a strong worldwide movement towards the involvement of
the private sector in the provision of public infrastructure, especially highways. Some of the
forces that are driving this movement are the scarcity of public resources, a political trend
towards the deregulation of infrastructure, and the expansion of global capital markets.

Due to the size and nature of this type of project, the financing strategy has to be more
complex than traditional construction project finance (Queiroz, 1997). The large amounts of
capital needed, the uncertainties and risks in the project itself, such as cost, schedule and traffic
projections, and the political and economic conditions of the particular time and country are only
some of the factors that have influenced the success of these projects.

Nevertheless the worldwide experience of the private sector in highway infrastructure
finance is still very limited. There are both success and failure stories, the latter being more
common. Lessons have been learned, and the experiences have served to redesign the diverse
contractual and financing schemes for private participation in a sort of trial and error process.

One of the countries that has recently embarked on a comprehensive program of highway
construction involving the private sector is Mexico. In 1989 the Mexican government launched
a very aggressive program, with a private sector investment equivalent to US $6.5 billion, for
5,400 km of new toll roads and eight bridges to be completed before 1995 (Roth, 1996).
However, in some cases construction costs exceeded substantially the initial budget and most of
the new roads carried significantly less traffic than initially projected. This placed the private
highway corporations in a difficult financial situation trying to meet their debt payments that
depended on toll income. This became worse with the economic crisis that hit Mexico in 1995.
Inflation and interest rates soared, traffic slowed down further, and the financial situation of the
private toll roads became unmanageable. In 1997 after many attempts to solve the problem, the
Mexican government finally took over most of the financially troubled highways (Gomora,
1997).



The case of the Mexican toll highway network is thoroughly analyzed in a later chapter.
Its problems are a good example of the dramatic impact that risk and uncertainty can have on the
success of this type of project, especially when private capital is at stake, and the bottom line is
profits. In order to justify the investment on a certain project, a private sector investor needs to
perform a thorough feasibility analysis to quantify the potential outcome, and more importantly,
the risk associated with it.

The importance of developing a decision making tool, a comprehensive feasibility
evaluation model that can help to realistically assess the financial outcome of a proposed toll
highway project and the risk associated with this outcome, is very evident. This model should
encompass all the variables that affect a project’s financial outcome through its lifecycle phases,
from design through construction and specially those that are fundamental to the success of the
operation phase, tolls, and traffic. These two variables and their relationship were thoroughly
analyzed especially for this research project in the study by Orozco (1997) that is thoroughly
discussed later in this report.

At the present time risk analysis concepts and tools that were not of practical use before
can be incorporated into the feasibility evaluation model thanks to the continuously improving
computer technology and affordable hardware and software prices. Thus, the model should be
comprehensive enough to include all the intricacies and complexities of a toll highway project,
but it must be a user-friendly tool that yields realistic results that help investors make a better
decision when embarking on such an enterprise.

OBJECTIVES OF THE RESEARCH

This research is part of a broader toll highway research project that included the toll-
traffic demand study mentioned in the previous section. This study essentially developed a set of
mathematical models that describe the interaction between toll prices and the volume of traffic
using a toll highway facility. These models are integrated into this report as a fundamental part
of the project evaluation process.

The overall objective of the research work presented in this report is the creation of a
financial feasibility evaluation model to be used as a tool that facilitates the iterative financial
and risk analysis processes of the planning and feasibility stages of a proposed toll highway. The
major sub-objectives of the research are:

1) Develop an understanding of the variables that affect the financial outcome of a toll highway
project and their interaction.

2) Develop a computer model that incorporates the variables and represents their interaction to
calculate the financial function chosen to evaluate feasibility.

3) Determine the probabilistic nature of these variables and the probability density function
(PDF) that best describes them.

4) Incorporate into the computer model risk analysis tools that perform Monte Carlo simulation
on the most sensitive variables to obtain the PDF of the financial outcome of a proposed
project.

5) Bring together the results of this research with the toll-traffic study mathematical model
discussed previously.

6) Implement and test the computer model on a real world case study.

SCOPE OF THE STUDY

The feasibility evaluation model for toll highways is intended for use during the
conceptual planning stages of the project lifecycle, that is, before committing further resources

2



for project development and the facility is finally authorized for detailed design and construction.
The model provides decision-makers in the public and private sectors with an effective tool to
assess the overall financial outcome of a toll highway project investment. This tool comprises all
of the elements that influence the facility during its lifecycle, describes their interaction, and
more importantly, accounts for their probabilistic nature.

The results yielded by the model include probability distribution functions and detailed
statistics for the project profitability measures (i.e. net present value and internal rate of return),
and for all of the input variables in the model. In addition, the project’s most critical variables
can be determined and ranked thanks to the sensitivity analysis capabilities built into the model’s
risk analysis engine. This is an invaluable tool to evaluate the financial feasibility of a project,
since the decision-maker not only obtains a figure of the expected financial outcome of the
investment, but also a measure of the likelihood of attaining it and the variables that most affect
this outcome. The ability to measure the risk associated with a project can make the difference
between a good and a bad investment decision, and definitely provides a cutting edge in a go/no-
go situation for any major investment project.

RESEARCH APPROACH AND METHODOLOGIES

Figure 1.1 shows the research approach for this study. The study began with a literature
review of different aspects of toll roads, such as history, recent past experiences, and current
worldwide practices, as well as the economic and financial theory of toll roads. The case of the
recent toll road program in Mexico was selected for study due to its extent and the availability of
fresh data. Government transportation authorities, private consultants, and concessionaires
directly involved in the Mexican toll road program were contacted in order to facilitate the data
gathering process. Data about the construction, operation, and maintenance of the projects, as
well as financial and legal aspects of the program was gathered. Extensive literature about the
program origins, characteristics, criticisms, and experiences was also obtained.

The development of the model began with the analysis of the data gathered and the
information obtained in the literature review. The variables that affect the financial outcome of a
toll road project (a pre-selected measure of investment worth) and the relationships among all of
them were identified. These relationships were expressed by a series of numerical computations
by which the measure of investment worth is calculated and put together in a computer
spreadsheet template. The computer model was then manually tested with data from the
Mexican toll road program and the results evaluated to detect computational problems, missing
variables and then verified to yield realistic figures. Additional data was gathered and analyzed
to correct problems found and refine the model. This process was repeated several times,
resulting in the final version of the model template structure.

The variables of the model were then classified into random and deterministic, and the
toll-traffic demand model mentioned earlier was programmed into the spreadsheet template. The
probability distribution functions that best described each of the random variables were
determined through statistical data analyses where data was available, from the literature review
and from expert subjective judgments. Finally, the spreadsheet template was automated for
easier user input and integrated with the simulation software engine that serves to model these
random variables.

Once the model was deemed as ready, two case studies in the Mexican toll road network,
which had recently been re-evaluated by the Mexican Ministry of Transportation (SCT), were
analyzed in depth with the final version of the model. The results obtained from the analysis
performed were documented, interpreted and then compared against those obtained by SCT.
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Figure 1.1 Research Approach

ORGANIZATION OF THE REPORT

This report consists of nine chapters. Chapter 1 presents the background, objectives,
research approach, and methodologies of the study. Chapter 2 discusses the role of
transportation infrastructure in the economy of a country; where being part of a much larger
transportation system, toll roads necessarily interact with other roads and transportation modes.
Chapter 3 provides an overview of private sector involvement in the provision of road
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infrastructure, the legal and financial framework under which this participation occurs, and a
review of recent worldwide experiences and practices in this area. Chapter 4 discusses issues
related to toll highway project feasibility and planning, and introduces the financial evaluation
concepts and methods used in the development of the model. Chapter 5 offers an overview of
project evaluation under uncertainty, risk analysis, and the Monte Carlo simulation method as
applied to financial feasibility analysis.

Chapter 6 presents the final version of the feasibility evaluation model, the model
variables, their interaction, and the computer model structure. The software used to incorporate
the simulation capabilities is introduced here as well. The toll-traffic demand model developed
as part of this research is integrated at this point to the feasibility evaluation model, and the issue
of the selection of an appropriate probability density function for the variables modeled in the
simulation process is also covered in this chapter. Chapter 7 discusses the Mexican toll highway
program, its origins, characteristics, problems, and final rescue by the government. The data
gathered from the Mexican toll road network is summarized and analyzed to expose the high
impact that risk and uncertainty can have in the success of such projects. The toll-traffic demand
estimation model developed as part of this research project is thoroughly discussed under the
light of the Mexican experience. Chapter 8 presents the application of the model to two actual
case studies in the Mexican toll road network, and the results obtained from the analysis are
discussed and compared to the actual performance of these cases. Finally, Chapter 9 presents the
summary, conclusions and recommendations.






CHAPTER 2: ROAD INFRASTRUCTURE
AND THE ECONOMY

Toll roads are an integral part of a nation’s larger road infrastructure network. Roads can
be very seldom treated as isolated projects. They interact with a number of other socioeconomic
variables and infrastructure elements. This chapter is intended to develop an understanding of
the macroeconomic environment surrounding toll roads. This background will serve to establish
an economic framework for the feasibility analysis of these projects and illustrate the powerful
reasons that motivate governments to constantly pursue the improvement of their transportation
networks.

At the present time, as the world economy expands, international markets, finance, and
manufacturing are rapidly intensifying their integration. This expansion and integration are both
the result and the source of an unprecedented level of personal mobility and increasing freight
activity. As a result, both industrialized and developing nations are experiencing similar
transportation challenges. Adequate and efficient transportation infrastructure is key if a country
is to take advantage of the opportunities for growth in a rapidly changing global economic
environment.

This chapter discusses first the role of transportation infrastructure in the economy of a
region or country. The concepts of multimodal and intermodal systems in transportation
planning, and the importance of viewing individual transportation projects as elements of a larger
macroeconomic system are explored as well. Finally the discussion focuses on road
infrastructure as the dominant transportation mode in this new economic order. The relationship
between road infrastructure and a nation’s economic development is discussed in order to
develop an understanding of its strategic role in the modern economy.

ECONOMICS OF INFRASTRUCTURE

Although the scope of this report is only within transportation infrastructure, and more
specifically within toll roads, in order to clearly realize their significance in the economy, it is
important to understand the overall role of infrastructure in a socioeconomic system. According
to the Civil Engineering Research Foundation (CERF, 1997), infrastructure is defined as:

Infrastructure is the basic facilities, services, and installations that are needed
for a society to function — such as roads, bridges, airports, dams, buildings and
housing, landfills, drinking water, sewage treatment plants, etc. Safe, efficient
infrastructure is vitally important to the well being of our society. Quality
infrastructure is critical to our economic future, quality of life, and
productivity because it is essential to our ability to carry out our daily
activities.

Adequate infrastructure is fundamental to the social and economic activity of the human
society. Throughout history the development of economic and social systems has been closely
linked to phases of infrastructure development (Hudson, 1996). As the World Development
Report of 1994 (World Bank, 1994) analogizes, infrastructure represents, if not the engine, the
“wheels” of economic activity.

The world’s economic environment is rapidly evolving and becoming closely interlinked
in the process known as “globalization”. As geographical regions integrate their national
economies, the boundaries between them virtually disappear. Euritt and Harrison (1994) state
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that “businesses that are ‘of markets’ and not ‘of nations’ are a “new reality” in the world
context. More competitive global trading demands more dependable and sophisticated
transportation, telecommunications and energy.

A region’s socioeconomic system is supported by its infrastructure. Grigg (1988)
illustrates the flow of goods and labor in an economic system and the points where infrastructure
is necessary with the diagram presented in Figure 2.1. Industry and government provide goods
and services to the public in exchange for money. The public supplies labor to industry and
government, which pays salaries and wages in return. The public uses this money to purchase
the goods and services mentioned first. Both of these entities use natural resources and energy to
perform their activities. Infrastructure is necessary to furnish the transportation to deliver goods,
services, water, and energy. It is also necessary to handle waste products and provide buildings
to house the economic and social activities. Efficient infrastructure boosts labor productivity and
reduces the cost of producing goods thus benefiting the entire economic system, but it has to
expand fast enough to accommodate growth (World Bank, 1994).

Goods and services

l Purchases

. P Industry
Public < & Govt.
Wages T
Labor *
Energy and natural
resources

Figure 2.1 Economic System Supported by Infrastructure (Grigg, 1988)

Research carried out by the World Bank has demonstrated that the economic strength of a
nation is strongly linked to its infrastructure assets (Queiroz, 1997). As Queiroz points out,
infrastructure plays a strategic role in a nation’s economy by diversifying production, increasing
trade, coping with population growth, reducing poverty, and improving environmental
conditions. This relationship is further discussed later in this chapter, focusing on the role of
road infrastructure in the economy.

Regional Transportation Infrastructure Planning

The largest of all infrastructure categories is transportation. It is integrated by a complex
set of systems interwoven throughout a region’s economy (Grigg, 1988). Adequate development
of transportation infrastructure promotes an efficient distribution of population, industry, and
income throughout a country or region (Queiroz 1992). The development of such a system is the
result of the elaboration of a comprehensive transportation sector program/plan that is aligned
with the economic development objectives and regional transportation policies that a government
plans to pursue. This program/plan provides the framework to evaluate the incorporation of
individual transportation projects into the national or regional system.
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The transportation sector plan works in two phases. The first is to assess the
region/country’s overall transportation needs and provide a basis for weighing these needs
against the requirements of other sectors of the economy. The second phase is a detailed survey
of the conditions of the region/country’s transportation system and policies so that priorities
within the sector can be established (Adler, 1987).

The objective of the plan is to identify promising projects, relate them to one another,
determine priorities, and to relate all projects together to the macroeconomic plan. Analysis of
isolated projects is not sufficient because in the transport sector projects tend to be closely
related (Adler, 1987). For example, the success of a toll highway project may depend on
whether a competing railway or a parallel road is improved; a port investment may depend not
only on what is done to competing ports, but also on rail and road connections to the port. An
efficient coordination between transportation modes must be pursued when elaborating the
transportation sector master plan. This concept is known as multimodalism and is further
discussed in the following section.

Multimodal and Intermodal Transportation Systems

The organized transfer of goods and people moving from one mode to another is an
essential ingredient for an efficient transportation system. The integration of the transportation
systems network within a region improves mobility and fosters economic growth. Reducing
travel cost and duration, improving safety and providing smoother, quicker, and fewer transfers
between modes achieve these objectives. In addition to the mobility issue, other social
objectives can be attained such as sustainable energy, environment preservation, etc. Euritt and
Harrison (1994) have addressed this issue in several studies. The concepts discussed throughout
this section are taken from their research work on multimodal and intermodal transportation.

Multimodal transportation systems concentrate on transportation links and providing
system users with modal alternatives along those links. An example of a multimodal system is
two urban centers connected by air routes, highways, and railroads. There are two key issues to
multimodalism: choice and competition. The choice of a particular mode will depend on how
competitive it is with other modes. Equitable competition for traffic among different modes is a
requirement for successful multimodal transportation systems.

Intermodalism refers to the connection of several different modes into a seamless
transportation system with efficient intermodal transfer terminals. The most important part of an
intermodal network, are these connective terminals or nodes. Intermodal transportation networks
improve efficiency by using the modes best suited for each portion of a transport route. An
example is an automobile parts manufacturer located in Mexico City that uses trucks to ship
parts to Laredo, Texas. In Laredo, the trailers are transferred as containers to a train that will
deliver them to the automobile assembly plant in Detroit. The use of trucks is more reliable and
thus cost-effective for the Mexican portion of the route than rail service. However for the U.S.
portion of the route, rail is preferred for its lower transportation cost coupled with a reliable
service.

Myers (in Euritt and Harrison, 1994) presents a description of multimodalism and
intermodalism from a planning perspective:

Multimodal planning is a process of:

® Defining a transportation problem in a non-mode-specific manner,

® Identifying more than one modal option to solve the problem, and



* Evaluating these options and obtain an impartial estimation for each mode’s
contribution, individually or combined, to assess a transportation problem.
Intermodal planning is a process of:

¢ Identifying interactions between one or more modes of transportation where affecting
performance or use of one will affect another,

® Defining schemes for improving the effectiveness of these modal interactions,

* Evaluating the effectiveness of these schemes to enhance the performance of the
whole system affected by intermodal connections.

Hence, within the planning context multimodal is treated from a larger transportation
systems macro-perspective, while intermodal focuses on the study of modal interactions
affecting the transportation system performance. Myers states that “Multimodal planning
provides the general context within which intermodal planning occurs™ (Euritt and Harrison,
1994).

The interest on multimodal and intermodal transportation systems is relatively recent, and
has arisen from both the public and the private sectors. Scarcity of public sector resources and
intensifying global competition for trade are forcing governments to seek more efficient
transportation through intermodal and multimodal systems. On the private sector side the
reasons to pursue these systems include maintaining competitiveness, improving efficiency and
quality of transportation, securing greater regional and international markets, and meeting
international standards (Euritt and Harrison, 1994).

The trend towards multimodal and intermodal transportation systems will have a
tremendous impact in the process of planning national and regional transportation networks,
including infrastructure financed with private funds. According to Euritt and Harrison (1994),
the evaluation of the economic consequences of various transportation alternatives from a
multimodal systems perspective will yield transportation operations different from what exists
today. The evaluation of any transportation project should be performed within this entire
macroeconomic framework in mind, whether it is a toll or toll free highway or a railroad. Failure
to do so will probably result in an unsound investment, from any point of view, whether it is
public or private.

ROAD INFRASTRUCTURE AND ECONOMIC DEVELOPMENT

Having an idea of the interaction of the different transportation modes, and the planning
implications that this interaction has, the rest of this chapter narrows down the discussion to the
transportation subsystem where toll roads dwell, the regional road networks. According to
recent statistics, roads are currently the dominant surface transportation mode in every country
for both passengers and freight. Table 2.1 shows data for specific countries. The statistics also
show that roads continue increasing their modal share, although this gain is occurring at a faster
pace in developing economies than in industrialized countries (United States Department of
Transportation [USDOT], 1997).
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Table 2.1 Road Transport Share for Selected Countries (USDOT 1997)

PASSENGERS FREIGHT
COUNTRY Other Other
Roads Modes* Roads Modes*

United States (1994) 87.7% 12.3% 52.5% 47.5%
European Union (1993)] 89.0% 11.0% 70.6% 29.4%

Japan (1994) 60.2% 39.8% 52.5% 47.5%
India (1992) 85.0% 15.0% 60.0% 40.0%
Canada (1994) 92.5% 7.5% 50.0% 50.0%
Mexico (1993) 95.0% 5.0% 80.0% 20.0%

*QOther modes include railroad, air and sea transportation

The basic structure of a region’s transportation system is its network of roads, streets, and
bridges. Almost every industrial or consumer good is transported on a highway at some point of
its economic cycle. The retail price of these goods to the consumer ultimately reflects the cost of
transportation. Most of workers in industrialized countries travel to and from the workplace on
motor vehicles, and particularly in developing countries, roads serve to market agricultural
products and provide access to basic services (Organization for Economic Cooperation and
Development [OECD], 1987). Businesses insist on transportation speed, efficiency, and
flexibility in meeting their needs, relying heavily in logistics, and usually road transportation
offers the most flexibility and reliability.

Efficient road networks combined with a balanced multimodal transportation system
enhance a region’s competitiveness by moving goods economically.  Accessibility to
transportation corridors is a major factor for the success of any marketing effort, from
agricultural to high-tech products. On the other hand, inadequate access to transportation
corridors or a deficient road network deters investment in agriculture, industry, and trade, and
forces the transportation cost of goods to remain high. By nature, business decisions are based
on competitive advantages, hence those regions with more adequate transportation networks
have better development opportunities than those areas with a deficient transportation system
(OECD, 1987). An adequate transportation network implies an economically efficient
equilibrium among the different transportation modes.

Empirical Evidence

Queiroz (1992) has further researched the relationship between road infrastructure and
economic development. His research has shown that there is a very strong association between
economic development, in terms of per capita gross national product (GNP), and road
infrastructure.

Queiroz’s research on this subject can be broken down into two parts; the first one
explores the association between GNP and road infrastructure density. The second compares the
supply and condition of paved roads in developing and developed countries. Both analyses were
performed on a per capita basis for comparison purposes. The variables used in the analysis are
defined as follows: GNP is the total value of the goods and services produced in a nation’s
economy during a given year. GNP per capita is a country’s gross national product divided by
its population. Spatial road density is a country’s road length per land area, and road density is
per capita length of the road network.
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The first part consists of a cross-section analysis of data from 98 developed and
developing countries, and a time series analysis of United States and Canadian data from 1950 to
1988. Both analyses show a significant positive relationship between per capita GNP (PGNP, in
US$1,000 per inhabitant, using 1988 constant dollars) and density of paved roads (length of
paved roads, LPR in km per 1000 inhabitants). The equations yielded by the analyses are the
following:

Cross-section analysis of 98 countries

PGNPgg = 1.39 * LPR (2-1)
Time-series analysis of U.S. data

PGNPgs =-4.1 + 1.5 * LPR (2-2)
Time-series analysis of Canadian data

PGNPgs = 0.86 + 1.33 * LPR (2-3)

The three equations are plotted in Figure 2.2, along with the associated statistics. The
plot shows that there is a relatively fair consistency between the equation for the 98 countries and
the equation for Canada. The equation for the U.S. data shows about a 13 percent greater road
density for any given PGNP value (Queiroz in Hudson, 1996]. The statistics obtained reveal that
a 1 percent increase in GDP is associated with approximately 0.8 percent increase in paved road
density per capita. However, neither cross-country nor the time series analyses have fully
established whether infrastructure investment causes growth or growth causes infrastructure
investment (World Bank, 1994). Even though correlation does not entail causality, it is evident
that economic development and road infrastructure investment are closely associated.

Per Capita GNP vs. Paved Road Density

25

S 20|
S
=
L4
n
2 15
S Canada
% a—
O 104 [1950-1988
S
g R? =0.88
O
< P 1950-1988
(O] 5 P 5 - d 2
P Py 4 R*=0.93
. 9 Fa
¢ o ”,
<’ .
0 - ‘ ‘ ‘
0 5 10 15 20

Paved Road Density (km/thousand population)

Figure 2.2 PGNP vs. Paved Road Density (Queiroz, 1992)

The second part of the study by Queiroz compares the supply and condition of paved
road networks in 98 developing and developed countries. The World Bank classifies road
conditions into three categories (Queiroz, 1992): (a) Good, (b) Fair, and (c) Poor. The countries
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analyzed were divided into three categories, according to their GNP per capita in 1988: (a) Low-
income economies (PGNP of US$545 or less), (b) Middle-income economies (PGNP between
US$545 and US$6000), and (c¢) High-income economies (PGNP larger than US$6,000).

The results of the analysis are presented in Figure 2.3. The results are plotted on a
logarithmic scale, and the chart shows that the supply of roads in high-income economies is
substantially higher than in middle and low-income economies. Another important result is the
association between road condition and economic development. The average density of roads in
good condition (km/million inhabitants) is also significantly higher in high-income economies
than in low-income economies. The difference in density of paved roads in good condition
among the three groups is even more dramatic. The association between economic development
and quality of road infrastructure in terms of maintenance standards is also very clear.

Supply and Condition of Roads in 98
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Figure 2.3 Average Road Density and Conditions (Queiroz 1992)

As mentioned earlier, it is very difficult to determine a direction of causality between
economic growth and road infrastructure from this type of analyses. It could be argued that
growth of the GNP leads to a less restricted budget for new construction and adequate
maintenance of the existing network. However, Queiroz states that evidence has been found by
several authors suggesting that roads should precede development (Queiroz, 1992).

The strategic importance that road and highway infrastructure has for the economic
development of any region is very clear. The availability of a good highway network is essential
for any country to take full advantage of the developing opportunities that are arising with the
economic integration of regions in the world. Governments throughout the world are exploring a
number of alternatives to expand and improve their highway networks in order to be able to
compete in the current world economic environment. One of these alternatives is to involve the
private sector in the provision of road infrastructure projects, i.e. toll bridges and roads. The
development of these public/private partnerships is discussed in the following chapter.
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CHAPTER 3: PRIVATE PROVISION
OF ROAD INFRASTRUCTURE

The participation of the private sector in the provision of public infrastructure has
increased over the past two decades, and private toll highways are experiencing a worldwide
surge in popularity. Creative financing techniques are being adopted to sustain the shift from
public to private sector risk bearing in infrastructure provision. There are a number of reasons
for this growing trend. One is the fact that governments at all levels are facing a shortage of
fiscal resources and at the same time they are facing a growing public demand for infrastructure
services, especially those requiring large investments such as roads and power projects. Another
reason for this is the notion that the private sector is more efficient than the public sector, and
can therefore construct and operate infrastructure at less cost.

This chapter presents an overview of private sector involvement in road infrastructure.
First the rationale behind the global trend towards private sector participation in public/private
partnerships in infrastructure provision is discussed, focusing on the BOT scheme. The legal and
financial framework under which private toll roads operate and other basic concepts that will be
used in later chapters are discussed as well. Finally, a review of toll road experiences and
practices in several countries throughout the world is presented. This chapter is intended to
complete the macroeconomic background that started in Chapter 2 and provides the framework
under which toll highway projects must be analyzed for their overall feasibility.

PRIVATE PROVISION OF INFRASTRUCTURE
AND PUBLIC/PRIVATE PARTNERSHIPS

In the modern era and especially in developing countries, infrastructure had traditionally
been planned, financed and administered by the public sector, in part due to its crucial role in the
economy but also due to the massive capital costs involved and governmental regulation. Under
this system tax revenues and government borrowing were the predominant source of
infrastructure finance. About 90 percent of all financial flows for infrastructure were channeled
through sponsor governments, which bore almost all project risks. Many countries made a
remarkable progress in infrastructure expansion under this scheme, but more recent experience
has revealed a severe misallocation of resources as well as failure to respond to demand (World
Bank, 1994).

The privatization wave that has recently swept the world shows that this public
infrastructure provision scheme is not accepted any more. According to the World Bank, almost
1200 infrastructure privatization projects have been undertaken worldwide since 1989, and the
infrastructure requirements over the next ten years can only be met through private investment.
Private sponsorship and financing offer the benefits of additional funds and more efficient
provision to meet the growing demand for infrastructure. This global privatization trend is also
known by the acronym PPI, which stands for Private Provision of Infrastructure (Queiroz, 1997).

Factors Driving Private Participation in Infrastructure

There are a number of factors that have induced the increasing participation of the private
sector in the provision of infrastructure. Among the most noticeable are the following:

The first is the shortage of public funds to meet infrastructure needs. Governments are
experiencing a growing gap between infrastructure needs and availability of fiscal funds and aid
from external agencies. Symptoms range from poorly maintained bridges and highways in rural
areas, to congested city traffic and airports.
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Governments have recognized that private investment is needed to meet their
infrastructure shortfall and have responded by implementing policies that allow and encourage
private participation. Deregulation of infrastructure, privatization of state owned enterprises, and
concession of public services are some of the policy innovations that have increased the role of
the private sector.

Second is the notion of efficiency in private enterprises. The private sector has proven to
be more efficient than the public sector in terms of construction cost and schedule and operation
of customer oriented services (Bond & Carter, 1994). The public sector usually plans, designs,
bids, and builds major facilities in a sequential process, completing each stage before starting the
next. Private firms can avoid numerous restrictions and obstacles and realize cost savings by
constructing facilities more quickly, using fast track or design-build construction schemes, thus
bringing the investment into service sooner. In addition, a private firm has profit as a clear
incentive to operate the facility efficiently. Private enterprises operate within a restricted budget
that is a function of revenues, operating costs and a targeted return on investment, thus having to
control costs to achieve efficiency and profitability (Quinn & Olstein, 1985).

Third is the expansion of capital markets and innovative infrastructure finance
mechanisms. In recent years the volume of trade and the range of instruments used on the
international capital markets have substantially increased, as venture capitalists and institutional
investors in developed countries seek to diversify their portfolios and achieve higher returns.
Besides, the large size and long payback periods of infrastructure projects have required the
creation of more innovative financing techniques (Bond & Carter, 1994, and Queiroz, 1997).

Private financing eases the burden on government budgets and encourages better risk
sharing, accountability, monitoring, and management in infrastructure provision (World Bank,
1994).

PPI and the Creation of Public/Private Partnerships

There are conflicting considerations and arguments that must be balanced when assessing
the efficiency advantages of PPI. On the one hand, there are the cost, productivity, and
flexibility advantages that arise from private sector involvement. On the other hand, government
involvement in issues such as siting of the facility may be quicker or unavoidable when disputes
are complex and opposition intransigent. Another issue is the public fear to the creation of a
private monopoly that could lead to governmental regulation, hence undermining the advantages
initially provided by the private enterprise (Gomez-Ibafiez & Meyer, 1993).

To address these issues, private sector involvement in infrastructure, particularly in roads,
has been approached as Public/Private Partnerships, as opposed to outright deregulation and/or
privatization. Full privatization and/or regulation imply that the private enterprise will be
working under free market conditions, therefore assuming all the risk inherent to any private
enterprise. Conversely, Public/Private Partnerships are cooperative undertakings between public
and private sector entities to develop or improve public infrastructure.

The Public/Private Partnership concept only applies to those endeavors that produce
benefits or profit opportunities for both entities, complementing their particular strengths. Risk
sharing and allocation between public and private partners make possible the development of
important and necessary projects that neither party would be willing to venture alone (Payson &
Steckler, 1996). Toll roads are a good example of widely used Public/Private Partnerships.
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Structure of Public/Private Partnerships

Public/Private Partnerships are characterized by the degree to which the public and
private sectors share the risks, obligations, and benefits of a project. . The mix of public and
private responsibilities and the risk allocation scheme varies from project to project, and the
structure of a partnership depends on the particular mix of responsibilities. Some of the
structural options available for Public/Private Partnerships in road infrastructure include the
following models, organized in ascending order of private involvement and risk bearing (Payson
& Steckler, 1996):

1. Operation and Maintenance Contract. The private partner operates and maintains a
publicly owned road under contract with the sponsoring government, assuming no
commercial risk.

2. Lease-Develop-Operate (LDO). The private partner gets a long-term lease to operate and
expand an existing road. The private partner agrees to invest in road reconstruction and
rehabilitation and can recover the investment plus a reasonable return at the end of the
lease, either through direct government payment (shadow tolls) or charging tolls to users.

3. Build-Transfer-Operate (BTO). The private partner finances and builds the road, and
upon completion transfers legal ownership to the sponsoring government. The
government then leases back the road to the private partner under a long-term lease,
during which the private partner operates the facility and has the opportunity to recover
the investment plus a reasonable return through the tolls charged. This method is similar
to the BOT model but can avoid some regulatory and liability issues that can arise from
private ownership of transportation infrastructure.

4. Build-Operate-Transfer (BOT). The private partner receives a franchise to finance, build,
operate, and collect tolls on a road for a specified period of time, after which ownership
of the facility is transferred to the public sector. This type of structure is a form of
concession.

5. Build-Own-Operate (BOO). The private partner finances, builds, owns, and operates a
road in perpetuity. The private partner takes full responsibility for the project and all the
risks but is entitled to all of the rewards.

Operation and management contracts are common in the United States for the
maintenance of local authority roads. BOO is rare because of the public sector regulation on
tolls and other aspects of highway projects (Roth, 1996). LDO and BTO are considered
variations of the BOT scheme. At the present time most privately provided toll roads are
operated under some variation of the BOT franchise scheme.

The Bot Scheme And Private Toll Roads

Levy (1996) states that developed and developing countries are embracing the BOT
concept for a variety of reasons with the same end result: private consortiums assembling
complex construction projects for public usage, anticipating high returns on investment over the
life of that investment. As the most widely used Public/Private Partnership model BOT is the
structural scheme under which toll highways will be analyzed throughout this report.

The BOT franchise arrangement is also a form of concession usually referring to totally
new projects. Queiroz (1997) defines concession as “a contract whereby a public entity grants
the right and obligation to provide a public service to a private company (the concessionaire).”
In a concession the host government remains the owner of the facility and regulates its operation
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through the concession contract. The private partner is responsible for the capital investment,
construction, operation, and maintenance of the highway. The private partner assumes the
commercial risk of operation, and shares the investment risk with the public sector. The
concession contract stipulates the toll to be paid by users and the duration of the concession,
which typically lasts between 15 to 50 years (Queiroz, 1997). At the end of this period, when all
the investment costs have been recuperated from tolls, and a profit obtained, title to the project
passes from the private concessionaire to the host government.

The private concessionaire of a BOT project generally provides equity financing for 10 to
30 percent of the total project cost and seeks debt financing for the rest of the investment. The
host government occasionally furnishes the right of way or a partial tax relief. Nevertheless,
many BOT projects are structured without any form of governmental assistance (Levy, 1996).

The BOT Concession Agreement
The concession agreement is a formal legal contract between the host government and the
private concessionaire that defines the responsibilities of each party and the terms of their
relationship. Although important issues in concession agreements vary according to the specific
context of individual projects, some common provisions include (Payson & Steckler, 1996):
®* Minimum service and safety standards
® Mechanisms for dispute resolution

* Explicit provisions for the concessionaire to charge user fees and earn a reasonable return
on the investment

®* A reasonable rate of return and a mechanism to enforce the rate of return limitation

* Limits on the government’s ability to take over the facility except in case of private
default or noncompliance

®* Provisions for the extension of the franchise agreement in case of force majeure
circumstances

* Allowance for the concessionaire to seek damages from the government in case of
diminution of opportunity to earn a reasonable return

* Limits on the tort liability of the concessionaire

* Performance incentives for achieving public objectives (e.g. reduced accidents)

The limited experience with toll roads makes it very difficult to predict future revenues;
therefore private partners often seek concession agreements that include government guarantees
of traffic projections. The downside to this practice is that governments providing these
guarantees retain the financial burden of the long-term liabilities for the roads. Furthermore, two
of the main advantages of private provision disappear: the assumption of the traffic risks and the
incentives to make their services attractive so as to get more customers (Roth, 1996). The
Mexican toll road example, presented in a later chapter, shows that when risks can be shifted
back to the government, incentives for good performance are greatly weakened.

Basic Elements of a BOT Concession Project

According to Levy (1996), the basic elements of a BOT concession project include a
financially feasible project, a perceptive host government, private sponsors, local partners, and a
group of experienced construction professionals interacting in a complex web of binding
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agreements. Figure 3.1 shows a detailed diagram of the elements involved in a BOT project
(Roth, 1996).

The Host Government. The host government must be fully committed to the project,
enact legislation that permits the creation and operation of the BOT project, provide the
necessary support throughout the life of the concession, and in case of default, have the resources
to take over the project.

Private Sponsors. The private sponsorship of a BOT concession project is generally a
complex organization composed of one or several large construction or engineering firms,
lending institutions, insurers, institutional investors, and other types of equity investors (private
or government backed).

Local Partners. Some host governments require the use of local labor, contractors, etc.
The participation of local members, especially if they are politically well connected is a major
advantage.

Construction Consortiums. A BOT project is generally rather large and complex; it
usually requires participating construction companies to assume some degree of the project’s
risk.
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Figure 3.1 BOT Concession Project Structure (Roth, 1996)

The BOT Concession Process

The concession award process of a BOT project differs from the regular public works bid
process. Typically the host government specifies the project to be bid upon, but instead of using
the lowest construction cost as the award criteria, the bid is awarded to the bidder offering the
lowest competitive toll. The winner builds and operates the road over the specified concession
period and is paid from the tolls collected from users or from a specified “shadow” toll. Shadow
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tolls are amounts paid to road providers on the basis of traffic counts on their roads. These are
not paid by the users but directly to the concessionaire by the host government (Queiroz, 1997).

BOT Project Financing

In BOT projects the concessionaire raises the project funding and then pays the financing
costs from project revenues, relying on the independent financial feasibility of the project. The
profitability of the project over its entire life must be clearly demonstrated in order to attract
long-term investment at competitive interest rates. The project cost estimate must be sound and
the projected toll-traffic revenues realistically estimated. The funds for the project are generally
raised through capital markets and other institutional investors.

As mentioned earlier the private members of the BOT project generally provide equity
financing for up to 30 percent of total project cost. Debt financing on the other hand is provided
by commercial banks, international financing institutions such as the World Bank, or bilateral
government lenders. This type of debt is called “non-recourse” debt, because lenders do not
have recourse to the project sponsors. The only source of repayment for creditors is the revenue
generated by the project. A well-structured project is likely to get financing from international
development banks for 15 years or more. Commercial banks represent a more flexible source of
capital, but there are some risks that they will not bear or will price very high. They require
earlier repayment and thus are not very appropriate for use on long-term projects (Levy, 1996).

World Bank Guarantees for BOT Projects

The World Bank can provide partial risk guarantees to commercial lenders for projects
involving a government and the private sector. Partial risk guarantees are instruments that are
intended to bridge the gap between international and commercial bank infrastructure project
financing by mitigating those risks that private lenders are not prepared to accept. Queiroz
(1997) defines World Bank guarantees as: “An irrevocable commitment to a third party that has
loaned funds to a borrower in a Bank member country that the Bank will repay the guaranteed
portion of the obligation if, under specified conditions, the borrower does not.” A partial risk
guarantee is triggered by debt service default resulting from the host government noncompliance
with one or more of its obligations as specified in the concession agreement with the
concessionaire (World Bank, 1998).

The partial risk guarantees offered by the World Bank share a project’s risks between the
Bank and the private lenders. The guarantee covers those risks that the Bank is uniquely
positioned to bare, given its credit experience and special relationship with governments. These
risks include nonperformance of the host government contractual obligations and other political
force majeure aspects of a BOT project, for example a guaranteed minimum revenue, currency
exchange transfer risks or changes in law that affect the project’s ability to service its debt. The
World Bank requires a counter-guarantee from the host government, which is provided through
an indemnity agreement between the Bank and the government. Figure 3.2 illustrates the
approach to a World Bank guarantee in a BOT concession project (Queiroz, 1997).

20



Host Counter- World
Government Guarantee Bank
A
Buys
Guarantee
Private Private
Bank Loan Company

Figure 3.2 World Bank Guarantee Approach (Queiroz, 1997)

The guarantee can help the private sector and host governments in a variety of ways. The
guarantee reduces the cost of financing by covering the risks that the private lender would not
bear. The repayment period of the loan can be extended beyond the term for which commercial
banks would normally lend, a fundamental consideration for toll road projects that require long-
term debt in order to match debt service with their long payback periods.

With a guarantee the private sponsors can choose the best financial structure for the
project, such as the currencies and markets they borrow in and the type of interest rate (fixed or
floating). On the other hand, governments benefit by reducing their contingent liability to the
minimum required to make a project feasible, letting the private sector take on all or a substantial
part of the commercial risks. This pattern differs substantially from the traditional model where
a government bears the entire risk in a project (World Bank, 1998).

Advantages And Disadvantages Of Private Toll ROADS

Advantages
There are several major advantages and disadvantages of private toll roads. Nonetheless,

at the present time the advantages that arise from private provision of roads clearly exceed its

disadvantages. Some of the advantages that are often cited include:

® Additional funds for road construction. The main advantage is that toll financing enables
governments to raise more money for road construction than would be possible through
regular public financing (OECD, 1987).

® Enhanced performance. According to the OECD (1987), in countries with toll roads it has
been found that toll facilities provide better quality maintenance than comparable free
facilities. The reason for this is that the typical finance arrangement for a BOT concession
requires periodic inspection and maintenance reports to protect users and lenders.

* Construction cost and schedule. Private toll roads will often be built sooner and at less cost
than projects financed through public agencies (Roth, 1996).
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® Ability to finance expansion. Private providers have access to sources of funds seeking
profitable investments, and can use them to improve and extend the road. The public sector,
on the other hand, can be subject to political constraints on expansion for a variety of reasons
(Roth, 1996).

® Other economic considerations. Tolls can be used as a method of congestion pricing,

encouraging users to make more efficient route choices or use alternative transportation
modes (OECD, 1987).

Disadvantages

On the other hand, toll roads in general have been criticized for being inefficient in the
following ways:

® Costs of toll collection. Manual toll collection causes indirect costs, such as delays and
increases fuel consumption, by requiring vehicles to stop or slow down at toll plazas.
Besides, direct costs can absorb up to a third of total revenues (Roth, 1996). The recent
advances achieved in automatic vehicle identification (AVI), and electronic toll collection
(ETC) will progressively make toll collection easier and less costly (OECD, 1987).

® Total traffic costs increases. Traffic cost can increase due to longer traveling distances.
Some users will increase their trip length in order to avoid toll roads, resulting in increasing
congestion on the parallel “free” roads (OECD, 1987).

® Never gets to be a free road. Very seldom do toll roads become free roads, even after they
have been paid off. Once a road has been perceived as a secure source of income, it is
difficult for governmental authorities to surrender the extra revenue.

Shadow tolls, mentioned earlier, can help overcome these obstacles, since the user does
not directly pay for the toll. On the other hand, the advantage of congestion pricing cannot be
achieved by the use of shadow tolls (Roth, 1996).

Overview Of Current Toll Road Development Activity

Privately provided toll roads have been part of the transportation scenery well before the
motorcar. Hundreds of toll road companies operated in Great Britain and the United States early
in the nineteenth century. However, by the middle of the century, the upsurge of the railroad put
most of these companies out of business, and the roads reverted to the public through
abandonment, interrupting the development of roads (Poole, 1996).

After World War II, toll roads became very common in Europe. According to the
International Bridge, Tunnel, and Turnpike Association (IBTTA), as of 1990 there were more
than 14,000 kilometers of toll roads in Europe. Most of the major intercity highways in France,
Italy, and Spain are toll highways, developed under the BOT scheme. A similar network was
established in Japan. Sharp increases in construction and maintenance costs, and lower traffic
growth after the 1973 oil crisis led to financial difficulties for numerous toll road projects. In all
four countries the governments had to step in to assist unprofitable highways by using the excess
revenue from the lucrative ones (Roth, 1996).

The privatization revolution of the 1980’s renewed worldwide interest in private
provision of road infrastructure. There have been successes as well as failure stories. The
following are some highlights of the more recent experience with private toll road projects for
several countries throughout the world.
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Europe

The world’s largest BOT project to date is the $15 billion, 50-kilometer Channel Tunnel
linking Folk stone, in the UK and Calais, France. It is composed of two rail tunnels linked by a
central service tunnel at a depth of 24 to 45 meters below the seabed. This project is entirely
funded by private capital (debt and equity) with no government loans or guarantees, only a long-
term franchise agreement (Poole, 1996).

In the late 1980’s the British government engaged the private sector for a major share of
new road and bridge infrastructure. In 1989 the government requested proposals to finance,
construct, and operate the Birmingham Northern Relief Road. This project is to be operated as a
toll road for fifty years, after which it is to be transferred back to the government, free of debt.
The project cost was almost £350 million (Roth, 1996).

In France, the law was amended in 1990 to allow private firms to provide urban and
intercity toll ways. The French government announced in 1991 a major new intercity highway
program to be developed in its majority under the BOT scheme (Poole, 1996).

The first privately financed road in Eastern Europe became a possibility when the
Hungarian government passed a road concession law. The M1-M15 motorway will connect
Budapest with the main highways to Vienna and Prague. The road segments in Hungary are a
42.4-km extension of the existing M1 road to the Austrian border, completing the 260-km
Vienna-Budapest highway, and a 14.5-km branch to the Czech border, completing the link to
Prague (Roth, 1996).

North America

Canada

In the early 1990’s the economic recession suffered by Canada created a C$10 billion
budget deficit. As a strategy to stimulate the economy, the Ontario provincial government
announced its desire to seek private sector involvement in transportation infrastructure projects
in 1993 (Levy, 1996).

As traffic congestion in Ontario was estimated to cost businesses around C$2 billion a
year, the construction of Highway 407 was accelerated. Highway 407, a 99-km public/private
multilane toll road project, will act as a major east-west connector and serve as a bypass to
metropolitan Toronto. The total project cost is estimated at C$929.8 million and to be completed
by the end of 1998 (Levy, 1996).

One of the most costly BOT projects in North America is located in he Canadian
provinces of New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland. It is a
12.9-km bridge spanning the Northumberland Strait, from Jouriman Island, New Brunswick to
Borden, Prince Edward Island. This bridge will eventually be tied to the Trans-Canadian
highway system with Highway 104 in Amherst, Nova Scotia, another BOT project under
development (Levy, 1996).

United States

The federal Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) contains
comprehensive privatization provisions that encourage all types of highway facilities to be
operated with tolls (except for the interstate system) and by the private sector under some form
of franchise. Privately provided new toll roads, bridges, and tunnels not part of the interstate
system became eligible for 50 percent grants from the federal Highway Trust Fund (Poole,
1996). However, probably due to the conditions attached to federal funds, no privately financed
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roads resulted from ISTEA in the four years following its passage. Private provision of toll
roads has seen more advances in the states of California and Virginia, with each state opening a
privately provided toll road in 1995.

In 1989 the California legislature passed a bill that enabled the California Department of
Transportation (Caltrans) to develop partnerships with private entities to design, build, and
operate toll highways under thirty-five year leases on state-owned rights-of-way. The first road
opened in December of 1995 as a “congestion reliever” toll road consisting of four new “Express
Lanes” (two in each direction), sixteen kilometers in length in the median of SR 91 in Orange
County. Toll collection and enforcement are carried out electronically through transponders set
in the vehicles’ windshields, which enable users’ accounts to be automatically debited. The SR
91 Express Lanes is the first highway in the world to use fully automated electronic toll charging
(Roth, 1996).

In July of 1990, the Commonwealth of Virginia approved a twenty-three-km toll highway
from Dulles Airport, near Washington, D.C. to the town of Leesburg. The highway is called the
Dulles Greenway, and it is an extension of the Dulles Toll Road that connects the Dulles
International Airport with the Washington Beltway. The total project cost was $418 million,
borrowing $279 million from banks and insurance companies. Initial average daily traffic was of
9,500 vehicles, only a third of the initially projected level. Thus, in order to attract more traffic,
tolls were reduced from $1.25 to $0.90. In 1996, the users of the Dulles Toll Road and the
Greenway were given the option of using the Fastoll Electronic Toll Collection (ETC) system
and using the same transponder for both roads, providing a “seamless" integration of the roads
(Roth, 1996).

Mexico

The Mexican government launched an aggressive toll road construction program in 1989.
The Mexican toll road program has already been mentioned in the introduction of this report, and
it is thoroughly discussed in Chapter 7.

Asia

Early in 1978 the Chinese government announced a series of reforms aimed at
modernizing the country’s economy. The provision of roads by the private sector using the
conventional BOT scheme was part of these measures. The best example of these BOT projects
in China is the Guangzhou-Shezen superhighway. The project is a joint venture between
Hopewell Holdings, the private partner, and an agency of the Guangdong provincial government.
Hopewell is responsible for the road’s design, construction, and maintenance, and is entitled to
40 percent of the project’s profits over a thirty-year concession period (Roth, 1996).

Japan’s modern toll road program was introduced after World War II through its
government agency Japan Road Public Corporation (JRPC). Japan is considered “the most toll
oriented nation in the world” (Takeda in Roth, 1996), with more than seventy toll expressways,
for a total of 6,600 kilometers in length. However, the role of the private sector in the program
has only been limited to support JRPC activities, serving as a contractor for research,
construction and maintenance of the network (Roth, 1996).

In Thailand the experience with private provision of roads has not been the best. The
Bangkok’s Second Stage Expressway project, a 35-km elevated expressway is the subject of a
major international dispute between the Thai government and the project’s financial sponsors,
including the Asian Development Bank. The project, with an initial cost of US$1.04 billion, was
awarded as a thirty-year BOT concession by the government to a Japanese-led private

24



consortium, which was to be allowed to charge a toll of 30 baht (about US$1.20). Just as the first
stage of the road was about to be opened in 1993, the Thai government balked at the 30 baht toll
initially specified and proposed a 20 baht toll. Hesitating to absorb the proposed reduction, the
consortium delayed opening the completed sections of highway, and halted construction when its
lenders suspended credit. The government issued a court order to force the road open, claiming
to fear public disturbs on the part of frustrated drivers angered at being unable to use the
highway, insisted in reopening negotiations, and ended up charging the original 30 baht toll
(Roth, 1996).
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CHAPTER 4: PROJECT FEASIBILITY ISSUES

The investment criterion used by the private sector in a market economy is that of
profitability. Individuals and firms channel their capital to those activities that they expect to
benefit them the most. Hence, road infrastructure provided by the private sector envisages that
the users of the facility will repay the providers more than the cost of the investment. Financial
profitability is a pre-requisite for a toll road project to attract private investment and must be
demonstrated by a thorough feasibility assessment. Profit and reasonable return on investment
are the lifeblood of private enterprise and are necessary to convince investors to undertake the
risks that go with the reward (Levy, 1996). Toll roads are long-term investments and a thorough
financial feasibility evaluation that spans the entire project life cycle must be performed in order
to demonstrate their profitability.

This chapter is devoted to providing the background on project financial feasibility
concepts that are used for the development of the financial feasibility evaluation model. First,
toll road project life cycle planning and project feasibility appraisal issues and the theory of Pre-
Project Planning are discussed. This section examines the aspects of project financial evaluation
that provide the framework for the feasibility evaluation model presented in this report, the basic
concepts of investment evaluation, the method for financial evaluation, and other factors
affecting project cash flows.

PROJECT LIFE CYCLE AND FEASIBILITY EVALUATION

The programming of capital projects is modeled by the strategic plan of an organization
(public or private), which is in turn influenced by market demands and resources constraints.
Project evaluation or appraisal is an integral part of the project planning process and it must
include all the factors that will affect the outcome of the investment over its entire life.
Therefore, a feasibility evaluation requires complete understanding of the project life cycle
concept and the project planning processes in order to be reliable.

Definition of Project

There are a number of definitions of project. In the case of transportation infrastructure,
Gittinger (in Adler, 1987), defines a project as “an activity for which money will be spent in
expectation of returns and which logically seems to lend itself to planning, financing, and
implementing as a unit. It is the smallest operational element prepared and implemented as a
separate entity in a national plan.” The Project Management Institute (PMI) defines project as “a
temporary endeavor undertaken to create a unique product or service.” (PMI, 1996), adding the
terms temporary, to imply a definite beginning and a definite end for every project, and unique to
denote that the product or service is different in some distinguishing way from all similar
products or services.

Project Evaluation

Project appraisal or evaluation is the process through which a public or private
organization determines whether a project meets its strategic objectives and whether it meets
these objectives efficiently. Project evaluation involves the investigation of six different aspects
of a project (Adler, 1987) as follows:
® Economic evaluation relates to the identification and measurement of the economic costs of

the project and the size and distribution of the benefits from a national (or regional)
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perspective. In this type of analysis all goods and services are assumed to be priced in a
perfect market economy, that is, as “economic” or “efficient” prices (Dickey & Miller,
1984).

® Social evaluation relates to the social objectives of the project and the social, cultural, and
human variables affecting the project, such as more equal income distribution or involuntary
population resettlement.

® Technical evaluation is concerned with the engineering, design and environmental matters,
capital, and operating costs estimates related to the construction stage and the operation of
the facility after its completion.

* Commercial evaluation refers to the procurement of goods and services to implement and
operate the facility and the marketing of its output.

® [Institutional evaluation refers to management and organizational problems involved in the
construction and operation of the facility.

® Financial evaluation is used to determine the required funds and whether the project is
financially feasible, if it can meet its financial obligations and produce a reasonable return on
investment. The financial analysis focuses on the actual costs and revenues of the enterprise
responsible for the project, in contrast to economic analysis.

These six elements of project evaluation are closely interrelated and must be carried out
adequately in a systematic manner. For example, if engineering costs are underestimated or
construction is mismanaged, the project may no longer be financially or economically viable.
Revenue and benefits forecasts are closely related since customers will not pay more than the
benefits they receive, etc. Furthermore, Adler states that in general, a project should be
undertaken only if it is both economically and financially justified (Adler, 1987).

However, evidence found by the World Bank reveals that standard project evaluation
alone is not sufficient to ensure project success. The objectivity and internal consistency of
standard evaluation techniques must be complemented by careful judgments about the
implementation capacity of the organization and a rigorous analysis of project risks (World
Bank, 1994).

The concept of risk analysis in project evaluation is introduced in the next chapter. The
research work presented in this report deals only with financial evaluation, but under the
assumption that adequate economic, social, technical, commercial, and institutional analyses
have been properly conducted for the project and deemed satisfactory.

Project Life Cycle

The project life cycle serves to define the beginning and end of a project. It is the process
through which a project is implemented from initial conception to termination. This process is
often very complex, however it can be decomposed into several phases or stages, then the
solutions at different stages are integrated to obtain the final outcome.

Adequate project life cycle planning is of utmost importance for feasibility evaluation,
since facility operation and maintenance are also part of the project life cycle. The satisfaction
of investment objectives requires consideration of the cost of operation and maintenance
throughout the entire project life, and not only the initial construction cost.

Figure 4.1 depicts the project life cycle diagram and the project influence curve
(Construction Industry Institute [CII], 1995). The project life cycle is divided into four different
stages, defined as follows:
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1. Perform business planning. The strategic planning involving the goals and objectives of
an organization.

2. Perform pre-project planning. Also called front-end or conceptual project planning.
This concept is discussed in detail in the next paragraphs.

3. Execute project. Perform the detailed engineering, procurement and construction, and
start-up for a facility.

4. Operate facility. The use of a facility for its intended purpose.

As the diagram in Figure 4.1 indicates, the planning stages of the project life cycle have a
much greater influence on a project’s outcome than the project execution and operation stages.
The curve labeled “influence” in the figure reflects the capacity to affect the outcome of a project
throughout its different stages. It is much easier to affect a project’s outcome during the early
stages when expenditures are relatively minimal than it is to influence the outcome during the
later stages when expenditures are more significant (CII, 1995). Hence, the importance of
careful plans for a successful project outcome.
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Figure 4.1 Demonstrating Project Life Cycle Diagram
and Influence Curve (CII, 1995)

Pre-Project Planning

The Construction Industry Institute defines pre-project planning as “the process of
developing sufficient strategic information for owners to address risk and decide to commit
resources to maximize the chance for a successful project.” This process provides a
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comprehensive framework for detailed project planning and is key in the feasibility analysis of
capital projects (CIL, 1995).

The perform pre-project planning stage comprises those sub-processes that occur after
the project initial idea has been developed and validated in the business planning stage and
before the project is finally authorized for detailed design and construction. It is at this project
life cycle stage that the financial feasibility evaluation takes place and a decision on whether to
commit the resources for a certain project investment is made. This process is discussed in detail
in CII’s Pre-Project Planning Handbook (1995), which provides an outline that can be used to
develop specific steps and tools for the pre-project planning of capital projects.

The objective of this report is to develop a comprehensive financial feasibility evaluation
and risk analysis computer model that provides an effective decision making support tool for this
process. There are two functions within the pre-project planning process that are relevant for this
purpose: evaluate alternatives and analyze project risks. Figure 4.2 depicts the pre-project
planning process, the major sub-processes, and highlights the mentioned functions.
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Figure 4.2 The Perform Pre-Project Planning Process,
Major Sub-Processes and Functions (CII, 1995)

Evaluate Alternatives. This function draws information from preceding efforts of technology
selection, site evaluation, and conceptual scopes and estimates to develop a complete picture of
each project alternative so that valid comparisons can be made. The evaluation criteria for
alternative selection or go/no go decision must have a basis consistent with the organization’s
objectives. In most cases economics is the primary determinant for the alternative selected. CII
recommends at this point the development of a computerized financial model for project
profitability analysis. A financial picture can be developed to show the expected performance,
and analyzing various economic scenarios can assess the major business economic risks by
performing a sensitivity analysis.

Analyze Project Risks. This function refers to the identification, measurement and management
of the risks associated with the selected project alternative(s). These analyses should include
financial/business, technology, regulatory, operational, and project specific risk categories. The
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importance of project risk analysis in the project evaluation process has already been cited. For
the purpose of this report, risk assessment has the objective of determining the business risk or
the probability of the project being profitable. Business risk analysis seeks to determine the
combined effects of uncertainty on market factors, cash flow needs, and capital and operating
costs. Typically, these analyses are probability forms of the profitability analysis mentioned in
the function evaluate alternatives.

TOLL ROAD PROJECT PLANNING FRAMEWORK

In line with the previous definition of project, toll highways can be seen as operational
elements within a regional road network that can be planned, financed, and implemented as a
unit. They are temporary and unique by nature. A concession has a limited life and every road
project is different in size and complexity. Sound planning to ensure project success requires
thorough knowledge of their characteristic project life cycle and the particular elements
influencing it.

Toll Road Project Life Cycle

The previous chapter made clear that there is not a generally accepted standard model for
implementing a private BOT toll highway project. The BOT concept is still relatively new, and
the variations to the scheme are as broad as the number of governments throughout the world
implementing this type of project. However, the general activities for creating a private toll road
conform to the project life cycle concept previously mentioned in this chapter. These activities
can be categorized as follows:

Identification of a viable route

Promotion (preliminary design/feasibility studies/concession award)
Detailed Design

Acquisition of right of way

Construction

Operation

Maintenance

Nk =

Figure 4.3 presents these activities as the project life cycle stages. The first activity refers
to the identification of a viable route by the host government. Promotion encompasses the
process of the preliminary design, based upon which the feasibility evaluation is performed and
the concession awarded. The next activities are the detailed design, right of way acquisition, and
construction. It is at this point that financing for the project is obtained by going to the capital
markets. The operation and maintenance stage starts when the project is ready for operation and
ends when the concession period terminates. The increasing size of the arches in the diagram
represents the increasing effort and expenditures at each phase. Overlap between each phase is a
point where a transition occurs and where decisions are made (CII, 1995).

31



TOLL ROAD LIFE CYCLE DIAGRAM

>

*Preliminary design *Project Funding
Feasibility evaluation

*Concession award

N\

*Promotion

*Operation

*Acquisition of
Right of Way

*Construction

*Maintenance

*Detailed
Design

*Viable
Route ID

EFFORT / EXPENDITURES

PROJECT LIFECYCLE

-+ < >
PERFORM  PERFORM PRE- "~ EXECUTE OPERATE
BUSINESS PROJECT PROJECT FACILITY
PLANNING PLANNING (Concession Period)

Figure 4.3 Activities and Phases in a Typical Toll Road Project Life Cycle

Toll Road Project Basic Planning Elements

Toll highway projects have several particular elements that must be well defined in the

planning stage. These elements are shaped by the individual characteristics of the project, by its
surrounding environment, and the macroeconomic and political variables, such as (Cervantes &
Rubio, 1992):

1.

Scope definition. The project’s design should present an advance of at least eighty percent
prior to construction start in order to avoid major changes in project scope and subsequent
delays and additional costs

Concession period. The length of the concession period is the most important element in the
feasibility evaluation, since it represents the project horizon and serves as a basis for the
financing scheme.

Legal and regulatory requirements.  The agreements for risk sharing and legal
responsibilities. These include risk mitigation instruments such as performance bonds,
guarantees, and insurance, as well as conflict and dispute resolution schemes, government
regulatory issues, etc.

Tolls, traffic and mechanism for price increases. The agreed upon initial toll prices, the
guaranteed minimum traffic if applicable and the mechanism for adjusting toll prices, in case
of inflation or currency exchange rate fluctuation.

Project Structure. The organizational structure of the project is another key planning
element. The role and responsibilities of the project members must be based upon their
particular experience, qualifications, and the long-term nature of the investment.

TOLL ROAD FINANCIAL PLANNING

Toll highways are revenue-generating projects that must demonstrate their profit potential

in order to attract private investment. These projects represent a major capital investment for
which a comprehensive financial analysis must be carried out in the planning stages in order to
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determine its profitability. Financial planning decisions have a definite impact on project
feasibility. Knowledge of the overall finance process, the potential sources of funds, as well as
the innovative financing methods for infrastructure projects is necessary to develop a sound
feasibility analysis. In addition, understanding the different financial needs of a toll road project
over the different stages of its life cycle is a fundamental part of the financial evaluation.

Project Finance Process

The project finance process is an integral part of the planning stage of a private toll
highway. The project’s preliminary financial feasibility must be demonstrated early in the
planning process in order to attract potential investors. The financial feasibility of a project can
be explained as a balance among its expected cost, expected operating performance, and the
investors’ required return. The project’s financing options and capital structure will be affected
by the organizational structure of the project (see 4.2.2). The objectives of an integrated project
financial analysis and planning process are the following (Payson and Steckler, 1996):

* Provide an objective method to evaluate the project options

* Integrate other project analyses (such as technical and economic analyses) into a unified
implementation plan

* Ensure the consideration of the financial impact of other non-financial factors

® Identify and eliminate infeasible projects at an early stage

® Yield the various financial analyses and documents needed to attract investors

The finance process of a private toll road has three basic phases: planning and feasibility
analysis, financing options analysis, and structuring and execution. From a project life cycle
perspective, this process would be an integral part of the perform pre-project planning stage.
The diagram in Figure 4.4 depicts the project finance process, its basic phases, and the functions
within each phase (Payson & Steckler, 1996).

TOLL ROAD PROJECT FINANCE PROCESS
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Figure 4.4 Phases and Functions within each Phase of the
Toll Road Project Finance Process (Payson & Steckler, 1996)
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® Planning and Feasibility Analysis. This is the first phase in the finance process of a toll road
project. In this phase the overall project economics are reviewed, other issues affecting
project feasibility are identified and assessed, and a project implementation plan developed.
This is an iterative process that includes an analysis of demand, revenue potential, capital and
operating costs, and non-financial factors that affect financial feasibility. It is at this point
where the standard techniques used to perform the financial analysis need to be
complemented with risk analysis techniques to carry out a thorough financial feasibility
analysis. Financing needs are preliminarily identified and the cost of financing is examined
based upon the project’s potential credit worthiness.

* Financing Options Review. In this phase potential financing instruments and sources are
weighed and the preliminary financing plan is refined in the light of the project’s financing
limitations.

® Financial Structure and Execution. This phase begins with the financing plan and leads to
financial closing (e.g. loan or securities issuance), focusing on the legal and technical aspects
of project finance. Concession and other contract negotiations must be completed and the
documentation prepared.

Hence, the feasibility evaluation model for toll highways would work as a tool to
facilitate the iterative financial and risk analysis process of the planning and feasibility analysis
phase of the project finance process mentioned.

Financing Sources

Successful financing of a toll road involves matching project characteristics with the risk-
return requirements of the different sources of finance. As previously mentioned, equity
financing is generally provided by the members of the concessionaire company, usually ranging
between 10 to 30 percent of total project cost, whereas debt financing is obtained from
commercial banks, international financing institutions or multilateral government lenders. Some
of the most common financing instruments for toll road projects include the following (Bond &
Carter, 1994):

® Equity. Long-term capital provided in the form of shares, signifying part ownership of the
company. Equity holders receive dividends and capital gains (or losses) based on the project
net profits.

* Commercial Bank Project Debt. Funds lent to a project company, secured by the project’s
underlying assets. Lenders seek: (a) projected cash flows that can finance debt repayment
with a safety margin; (b) enough equity from project sponsors to demonstrate commitment;
(c) recourse to sponsors in the event of specified problems. Besides, the time profile is a
constraint for commercial banks. Their longest loans are typically 7-12 years, while toll road
projects generally require financing beyond 15 years maturity.

®* Bonds. Financial securities usually issued by large, established companies with a credit
rating, to borrow long-term finance. Bonds are purchased by long term institutional
investors, such as pension funds and life insurance companies, which are typically risk
averse. Toll roads in operation seeking to finance expansion are good candidates for this type
of financing.
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® Revenue Bonds. Financial instruments that are secured against a project’s cash flow and
assets rather than those of an established company. Purchasers require a high level of
confidence in the project (e.g. strong sponsors, contractual arrangements, and country
environment). This instrument is a variant of the project financing method, which is
discussed later.

The financing arrangements can involve a long negotiation period and review,
particularly in the case of bonds, where specific legal requirements for issuance must be met.
Typically, issuance of revenue bonds has a seven-month schedule between the initial financial
analysis and the closing and receipt of funds. Frequently, the speed in which funds may be
obtained will determine the project’s financing mechanism (Hendrickson & Au, 1989).

Project Financing

Generally, toll highway projects are built and operated by corporations formed for this
sole purpose. These “special-purpose corporations” bring together project sponsors and other
equity holders and hold the concession title. Established companies, such as manufacturing
industries, have a credit history, a customer base, and tangible assets that can be offered as
security to creditors. On the other hand, toll highways, being new companies, only have the
prospect of future revenues to attract investment and support loans.

Project financing is one method of raising long term debt that has arisen in recent years,
usually for large, capital intensive projects such as toll highways. This method permits sponsors
to raise funds secured only by the revenues and assets of the particular project, but also requires a
clearer assessment of risk than traditional public projects. This form of financing can be very
complex, as the interests of various parties have to be secured through contractual agreements.
Lenders generally demand construction cost, schedule, and quality performance guarantees from
project sponsors, or from the host government in the case that performance depends on its policy
(World Bank, 1994).

Project financing is also known as non-recourse or limited-recourse financing. In non-
recourse financing, lenders are repaid only from the cash flow generated by the project or, in
case of total failure, from the value of the project’s assets. On the other hand, in limited-recourse
financing, lenders also may have claims against the assets of a parent company sponsoring the
project (World Bank, 1994).

Life Cycle Financing

The project finance problem is in essence, bridging the time between making
expenditures and obtaining revenues. Based on the project life cycle plan and the construction
cost estimate and schedule, the cash flows of costs and receipts can be estimated. As the project
cash flows will involve expenditures in early periods, this negative cash balance must be covered
in the most cost-effective way. During the pre-project planning stage expenditures are moderate,
while during project execution they become larger, and not until the project is complete, do
revenues begin.

In spite of the different sources of borrowed funds previously mentioned, there is a fair
equivalence in the actual cost of borrowing for particular types of projects. Lenders participate
in many different capital markets and generally switch to those loans with the highest yield for a
certain level of risk. Hence borrowed funds that are obtained from different sources usually have
comparable costs, including interest charges and issuance costs (Hendrickson & Au, 1989).
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The cost of funds for construction varies inversely with the risk of a loan. In order to
protect from default, lenders generally require a security for a loan in the form of a tangible
assets or performance guarantees, and sound feasibility analyses. To the degree that the security
is of uncertain value the higher will be the interest rate demanded by the lender. Projects under
construction represent considerable risk to a financial institution since there is probability of
project abandonment, construction cost increases or even anticipated unprofitability of the
tollway. Thus loans for projects under construction often demand a premium interest charge of
several percentage points compared to loans for completed facilities (Hendrickson & Au, 1989).
A reliable feasibility analysis and the use of guarantees to mitigate project risks can effectively
reduce the interest rate on borrowed funds for a project and increase the return on investment and
attractiveness of the project.

The most appropriate financing strategy must be used for each stage of the project life
cycle. As mentioned before, the project’s financing mechanism will often be determined by the
timing needed for the funds. Funding for the business planning and the pre-project planning
stages is likely to come from the project sponsors or potential concessionaires. The project
execution and operation stages, which involve the largest expenditures, are those that demand
more creative financing strategies.

There are a number of combinations of funding alternatives that can be used for the
project execution and operation stages. The following are some potential scenarios:

1. Raise capital for both stages through direct equity or debt offerings in the financial markets.
The major disadvantage of this scenario is the time consuming process of security issuance
mentioned earlier, which in turn could delay the opening of the facility and revenue stream.

2. Obtain a loan from a commercial bank for project execution and operation. The issuance of a
commercial loan is more expeditious than a bond issue, with the corresponding
disadvantages on shorter maturity and higher interest rates. Although the use of performance
guarantees, such as those offered by the World Bank, can attenuate these drawbacks and
make commercial bank financing a competitive alternative for a sound project.

3. Complementary bank-bond financing. As previously mentioned, bonds have certain
advantages that offset the constraints of commercial bank loans and vice-versa. This
scenario contemplates the provision of commercial bank financing during the early, more
risky years of a project, followed by refinancing with longer-term bond financing once the
project is completed. Using bank-bond financing lowers project risk profiles and overcomes
the obstacles to rapid fund mobilization (Bond & Carter, 1994).

Throughout the project life cycle, especially in the execution stage, unforeseen expenses,
cost increases, or cash flow problems may arise. During the operation stage of the project, initial
toll revenues may be lower than maintenance and debt repayment costs, and temporary revenue
is needed. As a result, a reserve amount must be included in the financing plans. This reserve
can be implemented as a contingency amount in the project budget, as a short term borrowing
agreement with a commercial bank, or in the case of bonds, as reserve funds administered by a
third party (Hendrickson & Au, 1989).

FINANCIAL ANALYSIS CONCEPTS

Private investment projects are judged in relation to whether they provide a return equal
or greater than that required by investors. The financial evaluation or profitability analysis of a
project is an integral part of the capital budgeting process of a private organization. Capital
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budgeting is the process of analyzing investment projects, estimating and evaluating their cash
flows, and the selection of a project based upon an acceptance criterion (Van Horne, 1974).
The approach used to evaluate the profitability of a private toll road project in this
research consists of the following steps (Hendrickson & Au, 1989):
Establish the project horizon (concession life)
Estimate the cash flow profile for the project
Specify the discount rate
Establish the criterion for accepting or rejecting a project
Perform a sensitivity or uncertainty analysis
Accept or reject the project on the basis of the established criterion

SAINAIE A

It must be emphasized that the analysis provides only a tool in the decision-making
process. It is a means, not an end. Many assumptions and policies are introduced in the analysis
by the decision-maker. The decision-making process is influenced by the subjective judgement
of the decision-maker in as much as by the result of the analysis, which in turn will be as reliable
as the data used to arrive at it.

Planning Horizon

The period of time over which the analysis looks ahead is called the planning horizon.
For the purpose of this report, the planning horizon of a BOT toll road project is the facility life
cycle comprising from project inception to the end of the concession life, which can vary from
15 to 50 years, depending upon the specific project or country legislation.

Cash Flow Profiles

The next step is to specify all the expected inputs and outputs in monetary terms, arriving
at an anticipated figure of expenditures and revenues (cash flow profiles) over the n years or
periods in the planning horizon. For the sake of simplicity of this explanation, interest periods of
one year will be assumed, being =0, 1, 2, . . . , n, with # = 0 representing the present time. The
net annual cash flow (4;), is defined as the annual revenue (R,) in excess of the annual
expenditure (E;), at the end of year . Thus, forz=0,1,.. ., n,

At :R[—Et (4-1)

where A, is positive, negative or zero, depending on the values of R, and E,, which are both
defined as positive quantities.

Interest, Opportunity Costs and Inflation

A fundamental principle of financial decision making is the time value of money, which
states that when choosing between two identical cash flow amounts, the cash flow that occurs
earlier in time is more valuable. For example, a dollar today is worth more than a dollar next
year, because a dollar invested today will earn interest and be worth more than a dollar by the
end of the year. The interest rate is the difference between the value of current and future goods,
the premium that must be paid for immediate, as opposed to deferred consumption. As long as
current goods are more valuable than future goods, interest rates will be positive (Rao, 1992).

On the other hand, historically, the general economy has fluctuated in such a way as to
experience inflation, which is a loss in the purchasing power of money over time. Lopez de
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Ortigosa (1993) defines inflation as a generalized, irreversible, and persistent increase in the
price of goods and services. It is a macroeconomic process that varies from country to country.

When money has been committed to a project, other investment opportunities that might
have been undertaken by using the same funds must be foregone. The opportunity cost of capital
is the relevant discount rate to be used for financial decision making. It is the rate of return
forgone from the next best alternative, or the investor’s required rate of return (RRR) for a
capital investment. Determining the adequate RRR is a complex issue that warrants further
discussion, but it essentially reflects the market interest rates for lending and borrowing, as well
as the risk associated with a specific project.

Market interest rates take into account the combined effect of the time value of money
and the inflationary expectations. The real interest rate is defined as the market interest rate
(nominal interest rate) less the general rate of inflation. The greater the expected inflation rates,
the higher the nominal RRR will need to be, since it reflects the real rate of return plus inflation.
This concept is further explored at the end of the chapter.

Financial Evaluation Methods and Measures of Profitability

The aim of capital investment in the private sector is profit maximization within a
particular time frame. A criterion or rule is needed to form a basis for the decision on whether a
project should be adopted. According to Rao (1992), the best criterion is one that is consistent
with the goal of maximizing profit. The best investment is one that adequately compensates its
owner for the time value of money and for risk. A profit measure is the indicator of the
desirability of a project from a private sector decision-maker standpoint.

According to Hendrickson and Au (1989), assuming that an organization has unlimited
capacity for borrowing and lending funds at the RRR, the goal of profit maximization is best
served by accepting all independent projects whose profit measure based on the specified RRR
are nonnegative, or by selecting the project with the maximum nonnegative profit measure
among a set of mutually exclusive proposals.

In this research two criterions or methods for financial evaluation are used: the net
present value (NPV), and the internal rate of return (IRR). These methods are based on the
concept of the discounted cash flow (DCF) model, which is one of the most widely used
techniques for financial evaluation. The DCF model brings together all the cash flow profiles of
a project over the planning horizon (adjusted for time value of money), and combines them into a
measure of profitability, such as NPV or IRR. The application of the DCF model is very suitable
for use with a computer spreadsheet program, hence the reason for it being selected to develop
the feasibility evaluation model in this research. The following paragraphs explore these
methods in more detail in a discussion adapted from Hendrickson and Au (1989).

Net Present Value

When an investment is made, the decision-maker looks forward to the gain over the
planning horizon against what might be gained if the money was invested elsewhere. The RRR
is selected to reflect this opportunity cost of capital, and it is used to discount the estimated
future cash flows to the present. The profitability is measured by the net present value (NPV),
which is the discounted value of the net return at the end of the planning horizon above what
might have been gained by investing elsewhere at the RRR. In other words, it is the difference
between the present value of the revenues and the present value of the expenditures of a project.

Let RPV, be the present value of revenues of a project x, and EPV, be the present value of
expenditures for the same project. Then for a RRR = i over a planning horizon of n years,
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RPV, =R, (1+i)" =D R, (P|F,it) (4-2)
=0

t=0

EPV, = ZE,J (1+i)" = ZE,,X (P|F,i,t) (4-3)
=0

t=0

where the symbol (P|F, i, ¢) is a discount factor equal to (1 + i) " and reads: “to find the present
value P, given the future value F' = I, discounted at an annual discount rate i over a period of ¢
years.” When the revenue or expenditure in year ¢ is multiplied by this factor, the present value
is obtained. Then the NPV of project x is calculated as:

NPV, = RPV, — EPV, (4-4)
or
NPV, = Z(Rt’x —E, J(P|F,it)= ZA,,X (P| F,i,t) (4-5)
t=0 =0

where A4, is the cash flow profile for year ¢.

Under the assumption of unlimited funds, all independent projects having NPV greater
than or equal to zero are acceptable. If the NPV is greater than zero, the proposed project will
earn a return on investment greater than the RRR used as discount rate. That is, project x is
acceptable as long as

NPV, >0 (4-6)

For mutually exclusive projects (x = 1, 2, . . ., m), a proposal j should be selected if it has the
maximum nonnegative NPV among all m projects; that is,

NPV; = maxiem {NPV,} (4-7)

provided that NPVj = 0.

It is important to note that the larger the RRR, the smaller the value of the NPV,
therefore, the selection of an adequate RRR is as critical as the analysis process itself. A low
RRR may favor a bad project, or a high RRR may exclude a beneficial project. This can be
visualized in the diagram presented in the IRR criterion discussion below.

Internal Rate of Return

The internal rate of return (IRR) is a discounted rate of return measure derived directly
from a project’s cash flow profile, that is, the “yield” of the project. As mentioned earlier, it is
the discount rate that equates the present value of the expected cash outflows with the present
value of the inflows of the project over the planning horizon. In other words, the discount rate
that equates the NPV of the cash flow profiles of the projects to zero. This method is usually
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applied by comparing the RRR to the IRR values for a project or a set of projects. The IRR rule
is to accept a project if its IRR > RRR and to reject a project if its IRR < RRR. As noted in the
definition of the IRR,

NPV, =RPV,—EPV,=0 (4-8)
or,
Alx A2x Anx < Atx
NPV = —+ et = —=0 (4-9)
d+r)y ({A+7r) a+r" Zd+r)

where r represents the internal rate of return. Figure 4.5 depicts the relationship between NPV
and IRR for a hypothetical analysis. As the discount rate increases, the NPV of the project
diminishes, and when the IRR = 22%, then NPV =0,

NPV vs. RRR
$50,000 -
$40,000 -
$30,000 1 IRR = 22%
$20,000 - (approx.)
$10,000 -

$(10,000) -

Net Present Value

$(20,000) - .
Discount Rate (RRR)

Figure 4.5 Graphical Representation of the Relationship
between the Value of the RRR and the NPV

If a project consists of a single outflow (or consecutive cash outflows) at the beginning,
and generates a stream of net inflows afterwards (the case of a toll road), a unique IRR indicates
the return over cost per period from funds that remain invested in the project. However, a major
difficulty in applying the IRR arises in the case of non-conventional projects with two or more
sign reversals in the cash flow profile 4;, (fort = 0, 1, 2, . . ., n), where there may be multiple
values of the IRR. For each sign reversal in the equation, there is a solution root for the IRR
(Hendrickson & Au, 1989). When that happens, the method is generally not applicable either in
determining the acceptance of independent projects or for selection of the best among a group of
mutually exclusive projects, unless a set of well defined decision rules are introduced for
incremental analysis. This case is very unlikely for a new toll road, except for the case that
expansion at a future time is being considered in the current analysis. In the opinion of the
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author, for the sake of simplicity, considering expansion as a separate project is a better option
than including it on the same analysis.

Besides, an implicit assumption in the IRR calculation is that the intermediate cash flows
of the project are reinvested at the IRR. However, the IRR is not a market-determined rate of
return. Therefore the assumption that the cash flows are reinvested at the IRR rather than at the
opportunity cost of capital makes this a non-market-value-based method, that is, the IRR
criterion is not necessarily consistent with the goal of profit maximization.

Special Issues in Project Selection Criteria

Hendrickson and Au, Rao and Van Horne (1989, 1992, and 1990) conclude that if a
choice must be made between these two methods, the NPV method should be favored, because it
is always consistent with the goal of profit maximization. The two methods generally do give
the same advice about whether an investment is a good one. However, if the NPV is better than
the IRR, why is it still helpful to use the IRR?

One reason for calculating the IRR besides the NPV is because many investors are more
used to judging investments by their yield than by other measures. Another reason is that the
NPV does not indicate whether a project is close to the margin of acceptability. Two projects
may have the same NPV, one being a large project with an IRR only just above the discount rate,
while the other is a very small project with a high IRR. This information is very useful if the
organization is not sure about the value of its RRR. On the other hand, the IRR is of limited use
if the decision-maker does not have a target RRR to compare it with (Little & Mirrlees, 1974).

Furthermore, when choosing between a small and a large project, it is possible that the
small project would have the higher IRR but the smaller NPV. In this case, the clear choice is to
borrow more and build the larger project in order to achieve the goal of maximizing profit. The
important point here is that the IRR as a pure number does not give an indication of size.
Sometimes it may be better to make a larger investment at a lower rate of return, than a small one
at a higher rate (Little & Mirrlees, 1974).

The previous discussion assumed unlimited availability of funds. However, this is very
unlikely in the real world, therefore it is important to mention that if investment funds are
constrained in any way it becomes impossible to give any simple investment rule. The reason
for this is that there is no rate of discount, given from outside the organization, which expresses
the value of capital and is independent of its own investment opportunities (which will
themselves govern in part its future investible funds). In this case, the organization needs to
establish a discount rate that is a sufficient measure of the financial constraints it suffers, and yet
it is not so high as to stop investments that would have been beneficial (Little & Mirrlees, 1974).

Assessment of the Required Rate of Return

There is neither a perfect methodology to determine a private investor’s RRR nor
consensus among researchers on a “correct” discount rate (Martin & Wurtzebach, 1998, 1991).
Furthermore, the RRR for project analysis differs for different investors and for different
industries, and even the same investor may have different RRRs for different projects within the
same industry. Nevertheless, the following paragraphs present several concepts and measures
that allow deriving a meaningful required rate of return.

According to several authors (Murray, Rao, Sytsma & Wurtzebach, 1997, 1992, 1998,
1991), the real RRR (after adjusting for inflation) has two core components. The first of these is
the real return or “time preference,” the premium the investor wants for deferred consumption.
This is a base profit to compensate for investing money in the project and foregoing the use of
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money on an alternative venture, a risk-free return. For example, U.S. government obligations
provide both, safety, and liquidity to investors, and adjusted for inflation, are used throughout
financial literature as a benchmark for risk-free rates of return. A statistical analysis of the yield
of the 30-year U.S. Treasury bond on a monthly basis is included in Appendix A. The analysis
estimated an average nominal yield of 8.17 percent and a real average of 2.98 percent (3.4
percent after eliminating 47 negative values out of 385).

The second element is the risk premium, which is the return required by the investor to
compensate for the risk of the capital not being recouped over the life of the investment. There
are two types of risk for which the investor needs to be compensated: undiversifiable and
diversifiable risks.

Undiversifiable risks are market risks, which are systematically dependent on the
vagaries of the economy, out of the control of the investor and independent of the project
materialization. These include issues such as domestic political and devaluation risks, tax
changes, corruption, etc. (Murray & Rao, 1997, 1992). Market risks can be assessed by
subtracting the risk free rate from the real average returns in the capital markets over long
periods of time, literature putting this difference around 6 percent in the U.S. (Newnan, Rao &
Waurtzebach 1996, 1992 and 1991). Diversifiable or project risks are those unique to the project,
those that the investor will incur if and only if the project is undertaken, such as country specific
risks (political, devaluation, war, corruption and the like), construction costs overruns, lower
than expected revenues, etc.

Hence, the real RRR must be determined based upon these three elements, the risk-free
rate plus undiversifiable and diversifiable risks. The nominal RRR is then obtained by adding an
inflation component.

Depreciation, Interest and Tax Effects

The cash flow profile of a private investment project is affected by taxes. The cash flows
only relevant to capital budgeting are the incremental cash flow after taxes, which are those
periodic cash flows that occur if and only if an investment project is accepted (Rao, 1992). Ina
fiscal context depreciation is the amount allowed as a deduction due to capital expenses in
computing taxable income in any year, resulting in a reduction in tax liabilities.

The depreciation allowance is a bookkeeping entry that does not imply a cash outflow.
Instead it represents a systematic allocation of the cost of the facility over time. Land is assumed
to hold its value over time and cannot be depreciated. It is an arbitrary length of time regulated
by the taxing government. In fact, the estimated useful life used for tax purposes does not have
anything to do with the actual useful life (Hendrickson & Au, 1989).

There are several methods for computing depreciation costs that can be used, depending
on the particular government and tax regulations at the time. The various methods of computing
depreciation have different effects on the streams of annual depreciation charges, thus in the
stream of taxable income and taxes paid. The most common methods include the straight-line
method, the sum-of-the-year’s-digits method, the double declining balance method, or a
combination of these. The subject of depreciation is further discussed in chapter 6.

According to Rao, (Rao, 1992), borrowing and lending, and interest or dividend
payments are normally excluded from the concept of “cash flow” when evaluating the
profitability of a new investment. Little and Mirrlees (1974) state that the exception to this rule
is when the financial flows, or some part of them are tied to the project and thus cannot be
considered apart, such as the case of a toll road. Therefore, the deductibility of interest on debt
from taxable income may be considered for purposes of the analysis.
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To consider tax effects in project evaluation, the most direct approach is to estimate the
after-tax cash flow and then apply the evaluation method. Let after-tax cash flow in year ¢ be Y.
Then, fort=0,1,2,...,n,

Yz:At—Xt(Az—Iz—Dt) (4‘10)

where A, is the net revenue before tax in year ¢, /; is the interest on debt paid in year ¢, D; is the
depreciation allowance in year ¢, and X; is the marginal corporate income tax rate in year ¢
(Hendrickson & Au, 1989).

Treatment of Inflation

Because any investment decision requires a forecast of future cash flows, the impact of
inflation on these cash flows needs to be examined. Revenues and expenditures increase over
time during inflationary periods. However, depreciation may not change with changes in
inflation (depending on the particular country). Furthermore, the RRR that should be used to
discount these cash flows also changes with inflation. As mentioned earlier, the greater the
expected inflation rates, the higher the RRR will need to be, because the RRR is a nominal rate
that reflects the real rate of return and inflation. Irving Fisher, an American economist
developed the following relationship among nominal interest rates, real interest rates, and
inflation (Rao, 1992):

1+R)=(1+r)(1+p) (4-11)

where R denotes the nominal rate of interest, » denotes the real rate of interest, and p is the

expected rate of inflation.

Thus, inflation expectations affect the estimate of future cash flows as well as the
discount rate. In a conceptual sense, the proper treatment of inflation in financial evaluation is
straightforward (Rao, 1992). The analyst uses one of two approaches to evaluate an investment
project:

1. The constant currency approach. Express the cash flows in terms of base year, or constant
currency, and a discount rate excluding inflation should be used in computing the NPV.
Interest rates should also be expressed as real rates, and the resulting IRR is a real rate.

2. The inflated currency approach. Express the cash flows in terms of then-current or inflated
currency, and a discount rate including inflation should be used in computing the NPV.
Interest rates should be expressed as nominal rates, and the resulting IRR is a nominal rate.
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CHAPTER 5: PROJECT RISK
ANALYSIS AND SIMULATION

Risk is an intrinsic component of any construction project. Because the financial
evaluation of a toll road project requires forecasting, the factors involved in the calculation of
revenues and expenditures are ultimately subject to diverse degrees of uncertainty or risk. The
construction cost may be affected by several circumstances, changes in technology may affect
the useful life of tolling equipment, the demand for transportation may be altered by changes in
economic development, and a number of other factors can influence the forecasts. Making
conservative traffic forecasts, including contingency amounts in construction budgets, and using
higher rates of return for risky projects are ways of dealing with this problem, but in reality they
do not draw out the uncertainties of a particular project. Furthermore, a conservative bias
throughout an analysis may have an additive effect and lead to discouraging final results. Risk
analysis is a method for dealing with uncertain situations that has been widely applied to
investment evaluation and infrastructure projects (Jones, 1991).

This chapter is devoted to explore the concept of project evaluation under uncertainty,
focusing on the risk analysis method used in the feasibility evaluation model for toll roads. First,
the basic decision and risk analysis concepts are defined, discussing their methodology and the
processes for risk identification and measurement. Then the project risk analysis process is
reviewed in detail and the concept of risk from the project feasibility perspective is defined. The
underlying principles of probability analysis and probability density function choice are
explored. Finally, the simulation approach for project risk analysis is discussed and the use of the
Monte Carlo computer simulation method is illustrated.

ANALYSIS OF DECISIONS UNDER UNCERTAINTY

The aim of a feasibility evaluation is to determine whether an investment should be
undertaken or not. Practically every project investment decision is made under uncertainty. The
decision-maker must choose a determined course of action from a number of choices, although
the result of some, if not all, the possible courses of action will depend on events that cannot be
accurately predicted. The value of each possible course of action generally depends on multiple
factors, some relying on the expectation that potential events will occur, some others relying on
the effects that will result if particular events do happen, and yet others on the costs or benefits of
these effects. However, it is practically impossible to objectively consider all these factors
simultaneously, hence the necessity to decompose the decision problem and analyze the
implication of one set of factors at a time (Schalifer, 1969). This process is known as decision
analysis. As mentioned earlier, risk analysis is a method for dealing with uncertainty, and hence
it is a part of the decision analysis process.

The Decision Analysis Process

Decision analysis provides effective tools to organize a complex problem into a structure
that can be analyzed. It helps to identify important sources of uncertainty and represent it in a
systematic and useful way, leading to better decisions (Clemen, 1996). Nonetheless, decision
analysis should be seen only as an information source, and not as a guarantee to obtaining better
outcomes. Its purpose is to provide insight about the situation, uncertainty, objectives, and trade-
offs, and probably yield a recommended strategy, not an absolute solution. The diagram in
Figure 5.1 illustrates this process, and it is intended to provide a roadmap of the reasoning
followed in the development of the feasibility evaluation model for toll roads.
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Figure 5.1 Decision Analysis Process or Roadmap for the
Development of the Feasibility Evaluation Model (Clemen, 1996)

The first step in the process is to carefully identify the decision in hand (in this case it is
whether to invest in a particular toll road project), and the objectives pursued by making that
decision (in this case, maximizing profit). Once the decision problem and the objectives have
been established, the potential alternatives can be created and explored.

The next step is the core of the decision analysis process, the decomposition of the
problem. The first step in decomposing the problem is structuring the problem into smaller,
more manageable parts in order to facilitate the identification and modeling of the problem
elements. For the purposes of this report, influence diagrams are used to model the decision
problem. Probability is then used to model the uncertainty inherent in the decision. These are
mathematical and graphical models that can be subject to analysis and indicate a numerically
favored alternative (Clemen, 1996).

Once the model has been built, risk analysis can be performed. Inherent to this process,
is the sensitivity analysis, where a number of “what if”” scenarios are explored and the sensitivity
of the decision model to changes in the in one or more aspects of the model is determined. The
probability models developed for uncertain factors are used in risk analysis to perform
simulation routines, and obtain a probability model for the favored alternative. This is an
iterative process in the sense that the decision-maker may return to the previous processes to
refine the model or include factors that were not previously identified, identify new alternatives,
etc.
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Influence Diagrams and Decision Modeling

The decision modeling technique used for the purpose of this research is influence
diagramming and it is further illustrated in the next chapter, where the feasibility evaluation
model is developed. Influence diagrams are a relatively new technique to model the conditional
probability relationship among random variables. The influence diagram provides a detailed
representation of the relationships among these variables. This technique is used where the
decision to be modeled is best represented as a sequence of related decisions. Influence
diagrams are versatile in the sense that they may be used as a descriptive model or as a
computational model, making it very suitable for use in a computer. Complex interactions,
including both data and model uncertainty can be modeled with this technique.

RISK ANALYSIS

As mentioned earlier, risk analysis is an integral part of the decision analysis process.
Risk analysis is the study of the relationship between an expected outcome and the probability of
the actual results deviating from the expected and the development of adjustments to compensate
for uncertainties in an estimate to achieve a target level of risk. CII (1988) also defines it as “any
method, qualitative and/or quantitative, used to assess the impacts of risk on decision
situations”. The goal of risk analysis is to assist in the decision analysis process, by providing a
better understanding of the possible outcomes that could result from particular course of action.

The concept of risk should be well understood before pursuing a risk analysis. The
Construction Industry Institute (1988) has published the source document Risk Management in
Capital Projects, which provides a comprehensive guide about the risk analysis process. This
document served as a major source for the material presented in this chapter.

Risk Defined

The term risk in statistics is defined as a situation where there are two or more possible
outcomes, and a probability associated with each outcome (Newnan, 1996). In the case of
construction, Erikson (in CII, 1988) defines risk as “the exposure to possible economic loss or
gain arising from involvement in the construction process.” When the cash flow profiles of a toll
road project are subject to uncertainty, it is said that the profitability of the investment is subject
to risk. Throughout this report, the term project risk will refer to the variability in the project’s
measure of profitability, that is, its NPV and IRR.

The Ministry of Transportation of Colombia [Ministerio de Transporte de Colombia,
1994] classifies the risks of BOT toll roads as follows:

1. Projects risks. These risks arise from the project itself, and are related to the type of project
and the complexity of its construction and operation. They essentially contemplate the
probability of occurrence of events that considerably affect the budgeted construction cost
and schedule, and the cash flows during the operation phase. CII (1988) further categorizes
project risks into technical, schedule, and cost risks. These include factors such as technical
complexity of the project, weather, productivity, change orders, etc., which ultimately are
reflected in the project cost. These types of risks are high during the construction phase and
decrease as the operations phase advances.

2. Commercial Risks. These risks refer to the level of usage of the project, and involve issues
such as market conditions and price elasticity of demand for the traffic using the road.

3. Financial risks. These risks influence the project during both, the construction and operation
phases. They refer to the risk of a sharp variation in the project cash flows due to abnormal
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inflationary pressures or currency exchange rate changes. The larger the level of foreign
currency used to finance the project, the larger the foreign exchange risk.

Risk Analysis Process

According to the CII, the risk analysis process consists of three phases: risk
identification, measurement, and management, as shown in figure 5.2. Risk analysis is an
iterative process, with loops between each phase. However, the Project Management Institute
(PMI) simplifies risk analysis to the phases of risk identification and risk measurement
(quantification) (PMI, 1996). Thus, the scope of this report is limited to the first two phases of
CID’s risk analysis concept. The subject of risk management warrants a thorough explanation,
and is not covered in detail here, but the interested reader should refer to the bibliography for
further orientation in the subject (CII, 1988).

RISK RISK RISK
IDENTIFICATION MEASUREMENT MANAGEMENT

S D R N YD R

Figure 5.2 Risk Analysis Process (CII, 1988)

Risk Identification

The most important phase of a risk analysis process is the identification of risks. A risk
that is not identified cannot be quantified, controlled, or transferred (CII, 1988). In this phase,
the risks that are likely to affect the project, both positively and negatively, are identified and
their characteristics documented. The end product of this phase is a comprehensive description
of risk events and elements. The major risk concerns of the primary parties involved in the
project (host government, sponsors, financiers, and contractors) must be addressed to identify all
potential risks. Some of these risk elements may include initial construction cost, construction
schedule, operation and maintenance costs, through traffic, toll prices, qualification of
contractors, availability and cost of financing, and regional economic stability, etc.

This phase also involves understanding the particular characteristics and determining the
sources of the identified risks in order to better describe them and move on to the measurement
phase. There are two aspects that characterize risk, the frequency with which they occur, and
their particular effect on project outcome. These characteristics yield two types of uncertainty to
which attention must be paid, those uncertainties that occur very seldom but produce very severe
losses, and those that that produce small losses but occur very frequently.
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Sources of Risk

CII (1988) notes the following generic sources of risk in a construction project that apply

to almost any project:

1.

The Project. According to CII, the very nature of the project itself is the main source of risk.
Risks vary with the amount of new technology, size, location, regulations, funding, and
other factors that arise as the amount of data increases. Despite new management
techniques and tools, and advanced information technology, there are still large uncertainties
that increase project cost. The following are some vital project segments that involve risk:

a) New technology. The greater the amount of new technology, the larger the risk. This
is not very likely to be an important risk in a toll road.

b) Size and location. Larger projects and constructing in unfamiliar (or confined)
locations tend to create risks beyond those initially anticipated. For example, different new
circumstances must be dealt when constructing a toll road in Mexico rather than in China or
the U.S, or an intercity versus an interurban toll road.

c) Regulations. If the duration of a project stretches through several years, the
possibility of changes in regulations that may adversely affect the project must be
considered. The project’s risk posture must change to meet technology and increased public
safety demands.

d) Funding. The availability of financing and enough cash flow is a major concern of all
project participants. This concern also extends to factors such as interest rates, internal rate
of return and net present value.

e) The concession agreement and other contracts. As the binding force among the
parties, these documents require a great deal of attention from each party. The contracts are
essentially a risk allocation tool. However, the contract itself may be the source of risk when
it is not clearly drafted or when contract administration is not efficient. These legal
documents must clearly define and assign the risks borne by each party.

Management Actions. The management and administration of the project is another major
source of risk. These are some tasks that can increase or decrease the overall project risk:

a) Cost and schedule estimates. Inaccurate estimates or schedules yield unrealistic goals
and inefficient project planning.

b) Human errors. These include omissions, poor judgement, lack of knowledge and also
misunderstandings.

c) Timely decisions. Lack of prompt management action in case of problems increases
risks to all project participants.

State of the world risks. There are sources of risk that are outside the limits of the project
and beyond the control of its participants. This category includes risks such as inflation,
political and labor issues, marketplace factors, etc.

a) Inflation and currency exchange rates. The general economy of a country definitely
impacts the risk level of a toll road project, reaching aspects such as financing, construction
costs, traffic demand, etc.

b) Political issues. The political environment of the country where the project is to be
built. These issues include risk of government appropriation of the project, retention of
dividend remissions, political unrest, etc.

c) Labor issues. Availability and reliability of a skilled labor force. Labor/Management
relations in issues such as risk of labor strike, etc.

d) Marketplace. The marketplace forces that determine the traffic demand that will exist
through the toll road route are a critical risk concern.
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Risk Identification Techniques

CII (1988) distinguishes historical data, experience, and insight as the primary basis for
identifying risks. Although every road construction project is unique, similar risks do occur in
every project, and hence can be identified from historical records. Nevertheless, in most
circumstances and especially in the case of toll roads, mere historical information is not enough
for careful risk identification. Experience with similar projects enables a project team to better
analyze the known data and associate it with the characteristics of the current project, even when
historical records are insufficient or not available.

According to CII, in the case that neither historical data nor previous experience is
available, it is necessary to rely on insight. Even when data is available, the size and complexity
of a major project make insight and subjective evaluations an essential element in the
identification process. A subjective evaluation is built on a combination of knowledge for the
project’s elements and understanding those areas that are likely to contain major risks. In
conclusion, the identification of risks depends to some extent on historical data, but for the most
part on the skill and experience of all project participants.

Both, CII and PMI (CII & PMI, 1988, 1996) mention risk checklists as a tool to aid in
risk identification. Checklists are catalogues that help project participants to think about
previously unexplored risks. CII’s source document contains examples of risk checklists, and
Appendix B has a specific risk matrix for typical BOT projects, developed by Baker &
McKenzie (1998).

Risk Measurement

Once the risks of the project have been identified, their magnitude must be measured.
The previous section identified two primary types of risk, first those that occur frequently and
have a moderate impact, but whose cumulative impact can be substantial and second, infrequent
risks with a strong initial impact. Both of these strongly influence the feasibility of the project.
Risks must be measured in order to establish whether the project is feasible or not, whether it
should be further studied or abandoned, assess the level of detail deemed by the analysis, and the
acceptable level of risk for the project (CII, 1988).

Risk measurement (quantification) can be described as the process of determining
adequate measures of risk by assessing the likelihood of occurrence of all the outcomes
associated with the risks identified, as well as the magnitude of such outcomes (CII, 1988).
Palisade, a risk analysis software developer, defines it as the assessment of all the possible values
that a risky variable or uncertainty could take and determining the relative probability of each
value (Palisade, 1996).

Measures of Risk

The measures of risk are basically a mathematical description of the frequency and
severity of the variability of the risk, summarized using a probability distribution function (PDF).
Probability distribution functions are tools for displaying the uncertainty in a variable. There are
a wide variety of forms and types of PDFs, each of which describes a range of possible values
and their probability of occurrence. Most people are familiar with the normal distribution, the
typical “bell curve”, such as the one in Figure 5.3, which shows a hypothetical example of a PDF
of the cost of concrete. There are several other useful PDFs, which include the lognormal, beta,
uniform and triangular distributions. Almost any introductory probability and statistics text
describes these functions in more detail. Throughout this report several of these PDFs are used
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to describe the variables included in the feasibility evaluation model, and they are discussed as
presented.

The measures of risk represented as PDF must conform to the rules of traditional
probability theory. These rules are summarized by CII (1988) as follows: “1) the sum of the
probabilities for all possible events must sum to 1.0, 2) the probability of any event must be a
number between zero and one, 3) the impossible event has a probability of zero, and 4) the
probability of joint events is the product of the probability that one event occurs and the
probability that the other occurs, given that the first has occurred.” For example, given Figure
5.3, the probability that the cost of concrete will be $50 per unit or less is 50 percent, or the other
way around, that is 50 percent reliability in the estimate. On the other hand, if $51 is the
estimate, there is only 15 percent risk of being over the estimate, that is 85 percent reliability.

Cost of Concrete

0.57 I

Probability

Cost ($/unit)

Figure 5.3 Example of a Probability Distribution Function for Cost of Concrete

However, as Palisade notes, most risk quantification is subjective (Palisade, 1996). Much
information is needed about a variable to know the exact shape of the probability function and
such precise information is seldom known, hence it has to be subjectively determined or
assumed. To diminish the necessity for such detailed information, uncertain information can be
described also in terms of particular summary parameters of the PDF.

The most common summary parameters of a PDF are the mean and the standard
deviation. The mean (p) is a measure of central tendency for the variable, and the standard
deviation (o) is a measure of the dispersion of the variable. For a given mean value, the larger
the range of the variable, the larger the standard deviation. Hence, all other factors being equal,
variables with large standard deviations are riskier than variables with small standard deviations
(CII 1988). Figure 5.4 illustrates this concept on a normal PDF again for example of the cost of
concrete. Even though both PDFs have a mean of $50 per unit and 50 percent probability that
the estimate will be on or below the $50, the dashed PDF is tighter, that is, it has a smaller
standard deviation, and hence higher reliability on the price of the estimate. In other words, the
dashed PDF is less risky.
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Figure 5.4 PDF Summary Parameters and Risk

The mean is also known in risk analysis as the expected value of a variable. It can be
seen as the weighted average value of the random variable, where the weighting factors are the
probabilities of occurrence (Park, 1997).

Other PDF parameters include the mode and the median, which are two other measures
of central tendency, and the third and higher moments about the mean characterize the skewness
and other conditions of a distribution function. A thorough description of these concepts is out
of the scope of this report, but additional information can be also found in any introductory
probability and statistics text.

Quantifying Objective Data

The collection of probability information is a key step in risk measurement. The
characterization of a PDF based on objective data relies on the analysis of data from similar
projects or situations and historical data on the variation of key factors. The analysis of this data
is carried out with traditional statistical techniques, such as time series and regression analyses
(Jones, 1991). Thanks to the availability of computer hardware and software, these techniques
have become widely used and extensive literature is available on the topic, thus they are only
briefly discussed next.

* Time Series Analysis. A time series is a set of observations of a variable generated
sequentially in time. Time series analysis techniques, such as the Box and Jenkins model,
characterize the variation of a process over time and the time interdependencies between the
stochastic elements of this process, and identifying both, the deterministic and the stochastic
components of the series (Jones, 1991). This technique requires the use of commercially
available specialized statistics computer software.

® Regression Analysis. This method describes the deterministic components in a time series or
a cross sectional data set with equations that relate a dependent variable to independent or
explanatory variables (Jones, 1991). This method requires less effort than the time series
analysis and is available in any commercial spreadsheet software.
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Quantifying Subjective Judgement

Nonetheless, since most toll road projects are very recent and unique to some extent,
historical information is often unavailable or untrustworthy. Most risk analysis literature agrees
that the assessment of the information needed to develop a PDF, or to determine its parameters is
for the most part subjective, that is, based on personal experience, judgement and the opinion of
experts [CII, Jones, Palisade & Pouliquen, 1988, 1991, 1996, 1970]. Thus, subjective judgements
must be summarized in the form of a PDF, creating what is called subjective probabilities. As
Pouliquen (1970) states, subjective probabilities also follow all the rules of traditional probability
theory.
CII, Clemen and Jones (1988, 1996 and 1991) cite several methods that can be used to
transform subjective judgements into subjective probability distribution functions. A more
detailed discussion of these methods can be found in the references, but a brief summary is
presented:
® Probability Encoding Methods. These methods require the individual to assign an estimated
probability to a value of a range of values, or to assign a lowest, a most likely, and a highest
possible value and then choose a PDF form that he/she feels fits the particular situation the
best (Jones, 1991).

® Gamble Methods. In this method the problem is stated in terms of betting gambles. The
individual bets on a game of chance about the probability of the variable attaining a range of
values (CII, 1988).

® Delphi Method. This method is aimed at obtaining a consensus from a panel of experts about
an uncertain event while avoiding undesirable effects that may arise from group interaction.
The process involves circulating a questionnaire, summarizing individual evaluations in an
anonymous format, and repeating the process. The estimates obtained are supposed to
converge after a few cycles (Jones, 1991).

Risk Measurement Techniques

There are a variety of methods that can be used to measure risk. The choice of one
depends mostly on the objectives of the analysis to be performed. In profitability analyses, such
as the financial evaluation of a toll road investment, the investor is trying to determine the
combined effects of uncertainty in traffic, economic factors, cash flow needs, construction and
maintenance costs, etc. For this type of analysis CII (1988) suggests among others, the use of
sensitivity analyses and stochastic forms of common profitability analyses (NPV, IRR, etc.).

Sensitivity analysis is a formalized method of testing the effects of the variation in value
of an individual variable at a time, on the project’s overall profitability measure. It is a technique
used to identify key variables that influence the profitability of the project and to judge their
relative importance. Sometimes large changes in a random variable may not substantially affect
the result, and small changes in others may have disproportionate consequences (Adler, 1987).

Monte Carlo simulation is a type of stochastic analysis that uses computer programs to
repeatedly sample the PDF of the variables that influence the profitability of the project in order
to determine the total variability in the overall profitability measure. This technique “performs”
the project many times to estimate a PDF of the profitability measure (CII & PMI 1988, 1996).

Both sensitivity and Monte Carlo simulation analyses are further discussed in the
following sections, as they form the core of the risk analysis element in the feasibility evaluation
model developed for this research.
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PROJECT RISK ANALYSIS AND THE SIMULATION APPROACH

Project risk analysis broadens the perspective of the decision-maker from a fixed set of
assumptions, which are essentially uncertain, to a more comprehensive view of the potential
actual outcomes. A broader view may lead to a reconfiguration of the project, assist in the
development of new strategies of meeting project objectives or responding to difficulties (Jones,
1991), or in the worst case, to the definitive rejection of the project.

Park defines the term project risk as the variability in the project’s profitability measure
(such as its NPV or IRR), or in other words, as the project’s potential for loss (Park, 1997). Thus
total project risk can thus be represented by a figure such as the PDF of its calculated
profitability measures.

The aim of project risk analysis is to produce a PDF of its profitability measure that
serves as a tool to make a better investment decision. From this PDF, the decision-maker can
extract such valuable information as the expected value (mean) of the profitability measure, the
extent to which other profitability measures vary from, or are clustered around, the standard
deviation, and the best- and worst-case values of the profitability measure (Park, 1997). Figure
5.5 provides an example of a PDF for the NPV of a project.

Project’s NPV Distribution
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o0 =55,000

u = $75,000

Probability

Probability
of loss

150 215 0 75 150 225 300
Net Present Value ($ thousands)

Figure 5.5 Example of the PDF of the NPV of a project

The investment decision can be improved by incorporating the variability information
along with the expected value. As mentioned earlier, the standard deviation is a measure of the
dispersion of the distribution (risk), hence it is desirable to minimize it. That is, the smaller the
standard deviation, the less the potential for loss associated with the profitability measure.
Therefore the ultimate investment choice depends on the decision-maker’s preferences, or how
greatly he/she is willing to accept the variability to obtain a higher expected value. That is, what
is the level of risk he/she is willing to accept.

Project risk, that is the PDF of a pertinent project profitability measure, can be
determined through risk simulation, which is, in the words of C. Vaughan Jones (1991), “the
most complete and comprehensive type of risk analysis”. Risk simulation has been extensively
used to evaluate investments, including World Bank loans, petroleum investment decisions, plant
expansion proposals, and construction schedule analysis (Jones, 1991).
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The objective of risk simulation is to weigh several structures of risk factors by their
probabilities and then summarize all the possible configurations and values of the risk factors
into a risk profile (PDF) for the project under examination (Jones, 1991). The Monte Carlo
simulation method is one of the most popular risk simulation techniques. The use of simulation
is currently more accessible with the availability of affordable computer technology and
simulation software. For the purpose of this research, the feasibility model was prepared with
Microsoft Excel spreadsheet software and an add-in program called @Risk (Palisade, 1996).

Risk simulation operates with the probabilities (PDF) of the variables influencing the
outcome of the problem being analyzed, in this case, the project profitability measure. These
subjective probabilities are based, as mentioned earlier, on expert opinion and are supplemented
by data about the objective frequencies of events, where available. The key to risk simulation
resides in estimating these probabilities, which already exist, since people are willing to make
decisions, such as whether or not to invest in a toll road project (Jones, 1991).

Steps in Project Risk Analysis and Simulation

Summarizing the work of several authors (Adler, Park, Rao & Vaughan 1987, 1997, 1992
and 1991), the simulation approach for project risk analysis can be defined as a process
consisting of the following steps:

1. Model the problem. The model developed in the decision analysis process must be translated
into an equation for determining cash flows, the equation for determining the profitability
measure and other relevant data.

2. Identify the major risk factors. The process for risk identification has already been outlined.
In order to identify the most important (sensitive) variables, a series of sensitivity analyses on
the model is performed in this step. The elimination of non-sensitive variables will expedite
the simulation process in the computer.

3. Characterize the uncertainty. The information about uncertainty associated with each
sensitive variable or major risk factor, that is their likely probability distribution and expected
values must be determined and input to the model.

4. Run the simulation. The performance of the investment is simulated with parameters
sampled from the probability distributions developed for the various risk factors. This step is
performed entirely by the computer. The computer first samples from the PDFs, forecasts
each variable and then calculates the cash flows. After a specified iterations (usually around
1,000), the computer can provide the probability distribution of the profitability measure.
The simulation concept is further explained below.

5. Produce Risk Profile and Analyze Results. The summary of the results of the analysis is a
risk profile or PDF for the profitability measure. This PDF provides the mean profitability
measure, the range of potential outcomes, and the probability that the measure will fall
between a particular range.

Sensitivity Analysis

As mentioned earlier, sensitivity analysis examines how much a project’s profitability
measure or cash flows vary in response to specific changes in the input variables, treating one
variable at a time. Sensitivity analysis provides an idea about the riskiness of a project by
identifying its most critical variables.

For example, one of the known risks in a hypothetical toll road project is the initial
average daily traffic (ADT). To perform a sensitivity analysis on initial ADT, we could measure
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the change in the project’s expected cash flow profile to pessimistic (30% below) and optimistic
(20% above) estimates of the initial ADT. Figure 5.6 depicts the results of this analysis.

New Toll Road Cumulative Cash Flow
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Figure 5.6 Toll Road Project Sensitivity Analysis to Initial ADT

The cumulative cash flow over a 20 year long concession period of the toll road shows
how sensitive the project is to the initial ADT. If the actual initial ADT is equal to the expected,
the payback period (time to recover the investment in nominal terms) of the facility is 14 years.
The optimistic estimate for the initial ADT yields a payback period of 12 years, not very
different from the expected estimate. However, for the pessimistic estimate the payback period
is considerably longer, 20 years. The whole concession period would be just enough to cover the
investment in nominal terms, not even compensating the investors for the time value of money.

Although sensitivity analysis indicates the sensitivity of the project to various factors and
the range of possible outcomes, it is only an aid in the decision process and should not be used in
isolation. There are other aspects of sensitivity analysis that must be explained further.

First, sensitivity analysis does not throw any light on the probabilities for the pessimistic,
expected and optimistic estimates happening. Second, it assumes that the all variables being
tested are independent. However, if the variables are correlated, they cannot be varied separately
but must be varied jointly (Adler, 1987). Both of these shortcomings can be addressed with the
use of computer simulation.

The purpose of sensitivity analysis in project risk simulation is to identify those key
variables to which the overall profit measure is more sensitive, that is the major project risk
factors, in order to characterize their particular uncertainty with a PDF and then proceed with the
simulation process. The elimination of non-sensitive variables for the computer simulation
process is intended to narrow the amount of variables for which a more detailed characterization
of uncertainty must be done, and reduce the amount of computational effort needed to perform
the simulation. Variables whose change does not significantly affect the project profitability
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measure do not need to be analyzed in a greater detail or included in the simulation, since their
variation is not critical to the outcome. On the other hand, sensitive variables demand a more
careful examination.

Monte Carlo Simulation

Unlike sensitivity analysis, the Monte Carlo simulation method cited earlier permits the
examination of the impact of changes in all possible combinations of variables. The
mathematical basis of the method dates to World War II and a Manhattan Project analysis of the
diffusion of neutrons in fissionable material, developed by simulation methods with the code
name Monte Carlo (Jones, 1991).

Monte Carlo varies and combines values for all the variables in a computer model by
using random sampling techniques. This combination of variable probability distributions over a
large number of iterations allows better envisioning of the possible effects (PDF and its
parameters) of the project cash flow model and its profitability measures (CII, 1988).

The essence of the Monte Carlo technique is simple. For example, if a project has a 40
percent chance of having a NPV larger than say, US$100,000, that means that if there were a
great number of similar projects, 40 percent of them would be expected to have a NPV larger
than US$100,000. Conversely, if there were a great number of projects and 40 percent of them
have a NPV larger than US$100,000, that would mean that the probability of a NPV larger than
$100,000 is 40 percent. Thus, the simplest application of the Monte Carlo technique is to
“invest” in a large number of projects with the characteristics of the one we are interested in and
see how many of them have a NPV of less than zero, of zero, US$50,000, US$100,000,
US$500,000, etc. The same analysis can be performed for the IRR or other profitability measure
(see also Figure 5.8) (Pouliquen, 1970).

Random Sampling Technique

The underlying principle behind random sampling is straightforward. For example, take
the example of the toll road project, in this case the sensitive or risk variable is construction cost.
The starting point is to produce, with the help of a random number table or a computer, a random
number between 0 and 1 called n. This number n will lead to the selection of the value of
construction cost variable for one run of the project cash flow model and contribute to the
development of the project’s profitability measure PDF or risk profile. Assume that Figure 5.7
represents the probability distribution for construction cost. The figure shows the PDF, which
shows the mean cost ($190 million U.S. dollars) and the standard deviation ($58 million), after
which, the Cumulative Distribution Function (CDF) is developed. The CDF represents the
probability that construction cost is at most the value of the x-axis. Then a value C is associated
with n by reading from the probability axis to the CDF and down to the x-axis. The repetition of
this sampling process with many random numbers guarantees that the repetitions of the cash flow
model are computed with a random sample of the particular CDF of the selected variable (Jones,
1991).
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Probability Distribution for Construction Cost
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Figure 5.7 Probability Distribution for Toll Road Project Cost

According to several authors (Jones & Palisade, 1991, 1996), the number of samplings
that must be made depends on the mathematical complexity of the model and the sampling
procedure. A minimum of 1,000 iterations is recommended for the model to achieve stability in
the results.

Computer Simulation

The current advance in microcomputer technology and simulation software remarkably
facilitates the application of the Monte Carlo simulation technique. The computer software
typically performs the simulation following the sampling principle previously discussed.

Once the probability information for the model variables to be simulated has been
established, the data representing the known or assumed PDF for each input variable in the
model is entered into the computer. For each variable simulated the computer calculates a
sample value. This sample value is combined with like sample values for all the other specified
variables. The combination of all these sample values represent one possible cash flow profile
and one possible profitability measure. The sampling process is repeated the specified number
of iterations. For each iteration statistics are recorded, resulting in a frequency distribution for
the project profitability model (CII, 1988). The output result for this process would be similar to
the PDF for NPV shown in Figure 5.5. Figure 5.8 depicts the same information from Figure 5.5,
but in a CDF format, which is sometimes easier to interpret.
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Project’s NPV Cumulative Distribution
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Figure 5.8 Example of Cumulative Distribution for a Project’s NPV
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CHAPTER 6:
FINANCIAL FEASIBILITY EVALUATION MODEL FOR TOLL
HIGHWAYS

This chapter deals with the development of the financial feasibility and risk analysis
computer model for BOT toll highways, which is henceforward called Feasibility Evaluation
Model for Toll Highways (FEMTH). The approach followed to develop the model was based on
the decision analysis methodology discussed in the preceding chapter. Previous chapters
illustrated the general setting under which toll road investments function, their role in the
economy as a part of a region’s strategic infrastructure network, and the profit implications that
the private sector involvement has for the feasibility of these projects. This general background
and the project feasibility and risk analysis concepts examined provide the framework under
which the FEMTH is built.

BACKGROUND

As stated earlier, the standpoint of this research is from the private sector entrepreneur,
that is, from the perspective of a commercial long-term capital investor. The objective of this
research is to develop a decision making tool for toll road project investments. But what is the
decision we need to make? The first step in a decision analysis process is to identify the decision
in hand. In this case the decision is whether or not to bid for a toll highway project financed with
private capital in, that is, to determine whether the investment will meet the investors’
profitability criteria and at the same time be competitive enough to win the bid. In other words,
the objective of the decision-maker is to make the most profitable investment.

The general framework under which the feasibility of a toll road project is evaluated was
outlined in the preceding chapters and can be summarized in the following points:

® Chapter 2. A toll road is a commercial enterprise that is part of the transportation network of
a region, which in turn is formulated according to the region’s needs and its government(s)
strategic economic plan. As a consequence of this macroeconomic integration, a toll road
will be generally subject to competition with other “free” roads and transportation modes.
As an integrated element of the economy, the economic up and downturns of the region
definitively impact the facility over its lifecycle.

® Chapter 3. This chapter presented the context under which the private sector participates in
the provision and financing of road infrastructure and the different players and factors
involved in a BOT project. The role of international development and financial institutions,
such as the World Bank, facilitating the participation of the cautious private investor was
discussed as well. The overview of the recent experiences with BOT toll roads provided an
insight on some of the issues that may arise in such projects.

® Chapter 4. This chapter described the concept of lifecycle evaluation of investment projects
in the private sector, emphasizing the particular case of toll roads. The financing process for
this type of project and the concepts and tools used for private financial feasibility analysis
were discussed as well. The measures of profitability and procedures to determine the
project’s cash flows to be used in the FEMTH were also established in this chapter.

® Chapter 5. Finally this chapter described project risk analysis as a part of the decision
analysis process. The concept of risk and the different sources of risk in a toll road project
were explored and the measurement of these risks discussed. The use of the simulation
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approach combined with the tools and concepts from Chapter 4 to perform project risk
analysis was also illustrated in this chapter.

DECISION CONTEXT

Typically the inception process of a BOT toll road project can be described as follows.
First, a transportation authority identifies the need for the construction of a new road in the
transportation master plan or for upgrading an existing one. Based upon traffic demand, strategic
priorities, budgetary constraints, and the existing legal framework the authority determines that a
road is a good candidate to be constructed under the BOT concession scheme. After further
traffic studies, carried out either by the agency or by an external consultant, and a preliminary
budget of the capital costs of the project, including land and rights of way, the agency can decide
to carry out the project and prepare the bidding process.

As mentioned in Chapter 3, in most cases, the concession award process for a BOT
project differs from the typical public works process in the sense that instead of using the lowest
construction cost as the award criteria, the project is awarded to the bidder offering the lowest
competitive toll. Such a toll must cover all of the facility lifecycle costs (operation, maintenance
and rehabilitation) plus the investor’s required return.

In some other cases the government may set the toll structure for the project, and the
award criteria may differ. The award criteria may be a weighed average of several components,
such as a required government contribution for construction costs, a minimum revenue amount
required for the initial years of operations, etc. (Credit Suisse/First Boston & Inverlink, 1997).
This criterion basically places a limit on the government’s liability and relies on the project’s
ability to support itself. Both criteria have the same end concept. The project is awarded to the
proposal that offers the lowest required revenue for the project to cover for its lifecycle costs
over the concession period and at the same time yields the investor’s required return. In other
words, the concession is awarded to the bidder that presents the most cost-effective lifecycle
solution to the project.

This bidding criterion for a BOT concession poses a challenge for the potential investors.
In order to obtain the bid, the proposal must contain the most competitive revenue support
structure while still matching the return on investment of the project shareholders.

GENERIC BOT TOLL ROAD CONCESSION ISSUES

The approach to implement a BOT toll road project varies from country to country, and
even from state to state within the same country. However, the fundamental elements remain the
same. This section attempts to describe the most important bidding and concession contract
issues of a generic BOT toll road project as well as some of the risk mitigation mechanisms
frequently included in such contracts. Most of the material included in this section comes from
the information memorandum of “El Vino — Tobiagrande — Puerto Salgar — San Alberto” toll
road, published by Credit Suisse/First Boston and Inverlink (1997).

The governments currently implementing the BOT approach for road infrastructure
construction seek to facilitate private international commercial participation through the use of
risk and responsibility mechanisms commonly accepted in the international construction and
capital investment arena (e.g. World Bank and other type of guarantees). The most common
risks covered by such guarantees are traffic risk and currency convertibility risk. In some cases,
the host government may mitigate construction cost risks by offering equity contributions for
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initial costs or coverage of cost overruns of special highway structures, such as bridges and
tunnels.

Project Description

The bidding documents should include a detailed description of the project, including
geographic location, the sections to be constructed or rehabilitated, operated and maintained, the
type of terrain and climate, as well as its technical characteristics. The basic engineering data,
such as level of service, the alignment and length of the sections, the number and characteristics
of the intersections, bridges, and tunnels are also provided in the bidding package, leaving the
detailed design to the potential concessionaire. Characteristics such as the number of lanes, and
other geometric design concepts are usually included in the package, but the pavement type
(rigid or flexible) and sections can be left to the bidders to play with it in their lifecycle cost
analysis.

The bidding package should also contain an itemized preliminary cost estimate for the
project divided into its several components such as open sky road, bridges and viaducts,
conventional tunnels, specialty tunnels, environmental and public services work, etc. Most of
these projects require the participation of international financing institutions and a substantial
part of the funds is raised through foreign capital markets. In order to attract funds from
international sources, generally the project cost estimates and cash flows are expressed in U.S.
dollars or other solid international currency.

The package should also establish who assumes the responsibility for obtaining the rights
of way, environmental licenses, construction permits, etc. In many cases, the government will
assume the responsibility for purchasing the land and rights of way, carry out the land surveys,
property filings, and appraisals.

Special Support and Risk Mitigation Mechanisms

This is one of the most important issues that should be covered in the bidding package.
In general, the host government will try to mitigate the most significant concessionaire risks in
order to make the project financially attractive and allocate each risk to the party that can most
efficiently bear it. In most cases, the government will bear the political risks, share the traffic
revenue risks with the concessionaire who would also bear most of the construction risks and the
operations and maintenance risks. The table below is a sample of a toll road project risk and
responsibilities allocation summary (Credit Suisse/First Boston & Inverlink, 1997):
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Table 6.1  Toll Road Risk Allocation Summary (Credit Suisse/First Boston & Inverlink,

RISK

RESPONSIBILITY

Political and Regulatory
Environmental Permits
Right of Way Acquisition

Host Government
Host Government

Construction and O&M
Design and Build
Construction Cost Financing
Construction Cost Overruns
Tunnels

Excluding Tunnels
Construction Delays
Operations and Maintenance

Concessionaire
Shared

Shared
Concessionaire
Shared
Concessionaire

Tolls, Traffic and Revenues
Establish Toll Rates

Traffic Revenue Risk
Non-compete Guarantee

Host Government
Shared
Host Government

Force Majeure
Political
Natural

Toll Collection Concessionaire
Other
Currency Inconvertibility Risk Shared

Host Government
Concessionaire

Capital Cost and Funding Support

1997)

In situations where the expected revenue may not be enough for the project to be feasible,
but the road remains a government priority, the host government may be willing to contribute
with part of the capital costs of the project. Generally this can be done through special direct
budgetary appropriations, which are guaranteed to be available to the concessionaire on agreed

upon dates throughout the construction phase.

Cost Overruns of Non-Conventional Project Structures

Non-conventional structures of a highway project, such as long span or complex bridges
and tunnels generally pose a much greater cost overrun risk than the rest of the highway, and
special risk mitigation mechanisms are generally implemented to cover these risks. The host
government may agree to share this risk by funding construction cost overruns on items of this
type exceeding a specified percentage over their initial estimate. For example, by agreeing to
fund cost overruns above 20% of the initial concessionaire’s estimate.

64



Revenue and Currency Support Mechanisms

The revenue for the project depends almost entirely on the traffic it carries and the toll
paid by the users, therefore it is the most critical issue for a toll road project. The toll price may
or may not be set by the host government, and the traffic using the road will depend on a number
of factors, including the toll price among others. The issue of toll and traffic demand is further
discussed in the following chapter, where a toll-traffic estimation model developed as part of this
research project is discussed. Usually, independent third party consulting firms hired by the host
government will develop the traffic projections for the project in order to assure their reliability.
However, the potential concessionaires should also develop their own traffic projections in order
to corroborate the government estimates and refine their feasibility analyses.

In addition to independent traffic studies, the host government may incorporate into the
concession structure other revenue support mechanisms for the early years of the project in order
to mitigate the exposure of the concessionaire to traffic shortfalls. These mechanisms may be
provided in the form of cash commitments by the host government in order to meet certain
revenue levels at the project. These revenue levels are specified in the concessionaire’s bid and
are called the minimum revenue required. In case the revenues fall below the pre-specified
amounts, the government may provide funds to meet the minimum revenue requirements, but
only up to a certain cap, hence sharing the risk with the concessionaire. This type of revenue
support protects the concessionaire from a number of risks, including traffic, regulatory, and
currency rate volatility, since the minimum revenue required is calculated in U.S. dollars or the
currency specified in the bid documents.

On the other hand, the concession contract may require the concessionaire to accrue the
revenues in excess of the minimum revenue required as a reserve, which would be the first
recourse in case of a revenue shortfall in subsequent periods before tapping into the support
mechanism.

Permitting and Right of Way Commitments

In the case that the host government has committed to provide the construction and
environmental licenses and the rights of way, the concessionaire needs to assure to have these
delivered on time to start construction. The concession contract may specify a penalty to be paid
by the government in case of delay in the delivery of these permits.

Guarantees

As noted in Chapter 3, guarantees and other mechanisms from international development
institutions, such as the World Bank, are used in order to assure the host government’s
compliance with its concession contract obligations.

Standby loans from the World Bank may be used in order to avoid the typical
disbursement delays of a government budgetary process. Funds from such loans would be
disbursed immediately to the concessionaire in the event of occurrence of the previously
mentioned cost overruns or that the revenue support mechanism is called upon.

Other World Bank instruments called “partial risk guarantees” may also be included in
the concession. With such guarantees, the World Bank commits to step-in financially for any
government payment defaults under the concession contract, to the extent necessary for the
project to meet senior debt service obligations. Some of the host government commitments
covered by partial risk guarantees may include periodic toll adjustments due to inflation,
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compensation for events of political force majeure, and changes in law that may affect the
project’s ability to service its debt.

Bidding Terms and Conditions

The bidding package should also include information describing the bidding process and
its schedule. Generally the bidding process will include a pre-qualification phase before the final
terms and conditions of the project are released. Some of the major milestones included are the
initiation of the bid process, data room and information period, deadline for the pre-qualification
process, release of the final terms and conditions, the final bid submission date, and the award
and signing of the concession contract. Figure 6.1 depicts a sample schedule of a toll road
bidding process.

EVENT Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov

Initiation of the Bid Process v

Data Room and Information Period Ve—e——————
Informational Meetings -y v w95
Prequalification Deadline v
Final Terms and Conditions Released v

Submission of Bids v

Award of Concession v

Signing of Concession Contract : v

Fig. 6.1 Bidding Process Sample Schedule (Credit Suisse/First Boston & Inverlink, 1997)

Pre-qualification

During the pre-qualification phase, the project teams bidding must demonstrate
compliance with specific technical, financial, and legal requirements.

The technical requirements refer to issues such as demonstration of satisfactory
performance and experience in design, construction, and maintenance of similar projects,
including the non-conventional structures already mentioned.

The financial requirements refer to the bidder’s financial capability to execute the work.
The project team must demonstrate experience in raising funds for similar projects at least from
one of its members and to have a collective minimum net worth of a certain percentage of the
total project cost.

The legal requirements refer to the demonstration of the legal existence of the bidders or
if such is the case, of its different members in the case of joint ventures created for the specific
purpose of the project.

Data Room and Information Period

During this period the host government opens a special office dedicated exclusively to
the attention of the project called “data room”. The potential bidders must pay a fee in order to
gain access to the project’s bid documents. The same fee may also provide pre-qualified bidders
with the right to obtain the final version of the concession specifications once the pre-
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qualification phase has been closed. The purpose of the data room is to provide more detailed
information regarding engineering and legal aspects of the project and to clarify the information
provided in the bidding documents. The informational meetings serve to have feedback among
the project participants.

Bid Submission and Award Criteria

The bid submission date and the concession award criteria must be clearly specified in
the bidding package. As noted previously, the award criteria in this type of project is the
proposal that offers the most cost-effective solution to the project lifecycle costs during the
concession period. This concept can be expressed in terms of the lowest competitive toll or in
terms of a weighed average of several bidding components. An example of the latter is shown in
Table 6.2, which outlines the various bidding components and their relative weight for purposes
of concession award.

Table 6.2  Concession Award Criterion Summary (Credit Suisse/First Boston & Inverlink,

1997)

BID COMPONENT TYPE WEIGHT
Non-Conventional Structures Cost Present Value 0.13
Government Contributions Present Value 0.45
Minimum Revenue Required Present Value 0.20
Liquidity Facility Amount Present Value 0.20
Total Required Revenue Actual Amount 0.02

1.00

The example shown in the table corresponds to a scheme where the host government has
set the toll rates and has specified a number of guarantees and support mechanisms such as those
mentioned earlier. These bid components are discussed below to demonstrate how this award
criterion concurs with the idea of the most cost-effective solution to the project.

1. Non-conventional structures cost. In the case that the host government has offered to cover
cost overruns on such structures (long span bridges and tunnels), the bidders are required to
present a detailed breakdown of their construction unit costs. These costs are multiplied by
the unit quantities in the bidding documents to determine a single structure construction cost.
In the event of cost overruns on the account of the government, the government will pay for
units of overrun at the unit costs offered in the bid. Assigning a certain weight to this
component assures the government that it will pay the most competitive price for unforeseen
cost overruns.

2. Government contributions. In the case of projects where the host government offers to
contribute to the capital costs of the project, the inclusion of this component in the award
criterion encourages the minimization of these contributions. The minimization of the
government’s contribution in turn encourages the development of a more cost-effective
lifecycle solution, which relies more on the project itself than on external contributions.

3. Minimum revenue required. In the cases where the host government has specified the toll
structure and guaranteed a periodic projected traffic, the award criteria may include a
minimum required revenue component. The minimum revenue required by the bidder must
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be less or equal to the projected traffic for that period multiplied by the applicable tariff rate.
The government would guarantee this amount to the concessionaire for a specified number of
years at the beginning of the operational phase. This mechanism also encourages the cost-
effectiveness of the bids by favoring those with the least required revenue.

4. Liquidity facility amount. The previous mechanism by itself would allocate all of the
revenue risk to the host government. In order to share this risk more efficiently with the
concessionaire, a liquidity facility amount is established in the concession contract. Through
this mechanism, the bidders are required to specify a maximum liquidity support value for
each period. If revenues fall below the minimum revenue required, then the government will
be only required to provide liquidity support for revenues up to the maximum liquidity
support value specified for the period. The concessionaire, sharing the revenue risk with the
government, would absorb the risk for amounts above the liquidity facility amount.

5. Total required revenue. This concept refers to the maximum amount of cumulative revenue
that the concessionaire would seek to receive from the project. If this element is included in
the concession contract, once this amount is achieved, the concession will terminate. This
mechanism allows for the government to share in the potential upside of the project. It is
important to mention that if revenues far exceed the expected amounts, the concessionaire
will receive its return on investment earlier, thus increasing the project’s rate of return.
Conversely, if the total required revenue has not been achieved by the end of the concession
period, the government may either buy out the concession or allow the concession period to
be extended.

The Concession Contract

Both, the bidding package and the concession contract included with it are the legal
documents, which will govern the allocation of rights and responsibilities for the project
throughout its lifecycle. The concession contract has three primary functions:

® Management of the construction, operations, and maintenance of the road

* Implementation and management of the risk and responsibility allocations introduced in the
bidding documents

®* Management of the eventual return of the road to the host government

The most important elements of the concession contract include the definitions of the
work required, the duration of the concession, the returns available to the concessionaire, and the
use and availability of support mechanisms for the project operations and dispute resolution.

The duration of the concession period varies from project to project, depending on its
size, financing scheme, and the legislation of the particular jurisdiction where it is located
(country, state or province). Over this period, the concessionaire is responsible for the
construction, operations, and maintenance of the road. Generally, the concession periods last
between 20 to 50 years, for the most part being around 30 years (Cervantes & Rubio, Levy,
OECD, 1992, 1996, 1987). An exception is the case of the Mexican toll road program (subject
of the following chapter) on its first phase, where the concessions were awarded to the bidder
requesting the shortest concession period, resulting in concession periods as short as eight years.
This scheme developed a number of problems that eventually led to the failure of the program,
and the concession periods were extended up to 30 years.
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The concession can be divided into three contractual phases that allow for the
identification of the rights and responsibilities of each party during each phase. These phases are
pre-construction, construction, and operations and maintenance.

Pre-Construction Phase

This is the period between the signing of the concession contract and the start of actual
construction of the road. During this phase the concessionaire can close its financing and
complete the design, while the rights of way, and environmental and construction permits must
be secured by the party responsible for them. The duration of this phase is specified in the
contract along with the applicable penalties for delays caused by any of the parties.

Construction Phase

Toll roads are usually schedule driven projects. The duration of the construction period
is specified in the contract, and in general, the earlier the project is completed and the revenue
stream starts the better for the concessionaire. Penalties for delays caused by the host
government in this phase must be included in the contract, since delays caused by the
concessionaire would work against it. Nonetheless the contract may also specify delay penalties
for the concessionaire.

As in every highway project, the construction work must meet the technical
specifications as laid out in the bidding documents. The host government may also require the
concessionaire to pay for an independent engineer or “supervisor,” which may or may not be
appointed by the government, to monitor the construction process.

Operations and Maintenance Phase

Once the construction phase has been completed, the concession enters the operations
and maintenance phase. The duration of this phase is set in the contract but can be shortened or
lengthened depending upon the total revenue levels achieved by the project (see Total Revenue
Required above). During this phase the concessionaire is responsible for maintaining and
operating the road to meet the standards specified in the bidding documents. The concessionaire
must turn the road back to the government meeting the same standards of service at the end of
this period.

The duration of the overall concession period is set in such a way that the duration of the
operations and maintenance phase is set to a long term investment duration, such as 20, 30, 40 or
50 years, in order to meet the requirements of the long term capital markets. Thus, the overall
concession period may be set to an odd number, such as 23 or 34 years for an operations and
maintenance period of 20 or 30 years.

DEVELOPMENT OF THE CONCEPTUAL MODEL

Once the decision, fundamental objectives, uncertainties, and consequences have been
identified, and the decision context has been understood, the next step in the decision analysis
process is to create a conceptual model of the decision. The FEMTH was created by structuring
the elements of the decision situation into a logical framework, in this case, influence diagrams.
Influence diagrams provide simple graphical representations of decision situations, where the
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elements appear as different shapes. These shapes are then linked with arrows in specific ways
to show the relationships among the elements.

Influence Diagram

An influence diagram is a snapshot of the decision situation at a particular time, which
must account for all the decision elements that play a part in the decision. In an influence
diagram, rectangles represent decisions, and ovals represent uncertainties or state variables. The
rectangles with rounded corners represent calculated variables or constant values and have a
variety of uses, but the most important is to represent consequences. The three shapes are
referred to as nodes: decision nodes, uncertainty nodes, and consequences or calculation nodes.
Uncertainty nodes mean that although the decision-maker is not completely sure of what will
happen, he or she has some idea of the likelihood of the different possible outcomes. Nodes are
put together in a diagram, connected by arrows. The node at the beginning of an arrow is called
a predecessor and the node at the end of the arrow is called a successor. The arrows can
represent either relevance or sequence between the decision elements linked. A properly
constructed influence diagram has no cycles, that is, regardless of the starting point in the
diagram, there is no path following the arrows that leads back to the starting point (Clemen,
1996).

The approach to structure an influence diagram is first to put together a simple version of
the diagram and then add details as necessary until the diagram captures all of the relevant
aspects of the problem.

For the purpose of this research, the decision context has already been set for choosing
whether or not to invest in a toll highway project, with the fundamental objective of making a
profitable investment, one that meets the investor’s profitability criteria (NPV or IRR) as
established in Chapter 4. Hence this objective feeds into an overall consequence node, the
project’s Net Present Value (or IRR), which is henceforward called the objective function.

All the decision elements, other than the investment decision, that affect the objective
function had to be identified and added to the diagram. The diagram is said to be appropriate or
requisite, when it contains everything that the decision-maker considers important in making the
decision. Identifying all its basic elements was achieved by working through the problem
several times and refining the model on each pass based on the background information
available, until all of the important concerns were fully incorporated. The final version of the
influence diagram for the project investment decision is shown in Figure 6.2. The influence
diagram served as the basis to develop the FEMTH, and its elements are discussed in the
following paragraphs.
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Fig. 6.2

Elements of the Conceptual Model

The FEMTH influence diagram graphically depicts the decision problem, whether to
invest in a toll road project, the decisions embedded within this one, and the state variables or

uncertainties that affect these decisions.

It also depicts the constant variables and the calculated

71



variables that result from the interaction between state variables and decisions, and finally the
objective function that serves to evaluate the decision, the profitability measure (NPV or IRR).
The influence diagram illustrates the interactions among all these elements, allowing the
assessment of the information needed to make the decision. The elements in the influence
diagram can be grouped as follows:

Decision

The big bold rectangle at the top of the diagram, the decision is whether to invest in the
toll road project.

Embedded Decisions

There are three embedded decisions that have to be made as a consequence of deciding to
invest in the project.

1. Financing Mechanism. Refers to those issues affecting the choice of financing structure of
the project, including those discussed in Chapter 4, such as debt/equity, type of financing
instrument used, foreign or local capital markets, guarantees, etc.

2. Type of Pavement. The type of pavement (rigid or flexible) used in the facility. The
lifecycle cost of each one is different and has a direct incidence in the initial construction cost
and the maintenance cost.

3. Toll Collection Method. The choice of toll collection method, manual, mechanical, or
electronic for each booth impacts both, initial construction and operation costs.

State Variables.

There are four state variables in the diagram that indicate uncertainty.

1. General Economy. The economic and political conditions prevailing in the country or
region where the project is located and includes issues such as foreign trade, balance of
payments, GNP growth, inflation, employment, etc.

2. Currency Exchange Rate. This is the value of the local currency in the host country as
compared to major international currencies. Its value is directly linked to the general
economy.

3. Real Interest Rate. The real interest rate on borrowed funds. It is a function of the
prevailing commercial interest rates and inflation; hence, it is also directly affected by the
status of the general economy.

4. Traffic Growth Rate. The rate at which the traffic will grow over the life of the facility. It is
a function of a variety of factors, such as economic development, price of gasoline, etc.

Calculated Variables

There are fourteen calculated variables or constant values that result from the decision
and state variables.
1. Project Schedule. This is the duration of the project design and construction phases,
finishing at the start of project operations.
2. Cost of Non-Conventional Structures. The cost of special structures such as long span
bridges and complex tunneling jobs.
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3. Total Project Cost. The total amount of project direct costs, including design, construction,
and right of way in case that it is not furnished by the government.

4. Finance Cash Flow. The amount and timing of the funds flowing from the project investors
and creditors during project design and construction stages.

5. Total Project Cash Flow. The total amount of funds needed to cover for total project cost
plus the interest charged on borrowed funds.

6. Maintenance Costs. These are the costs for maintaining the facility over the concession
period, including cleaning, patching, rehabilitation, etc.

7. Operation Costs. These are the costs for operating and administrating the facility, ranging
from toll collection to office work, emergency services, etc.

8. Total Costs. This is the sum of the total costs for the project financing, design, construction,
operations and maintenance over the concession period.

9. Toll Price. This is the toll charged to each type of vehicle for using the facility. It is a
function of a number of factors, such as regulations, traffic demand, road damage, etc. It can
be pre-specified by the host government (constant), or calculated by the concessionaire in its
bid (variable).

10. Average Daily Traffic (ADT). This is the calculated amount and type of vehicles that will
use the facility on a daily average over the life of the concession.

11. Other Income. The use of the right of way for commercial purposes, such as leasing it for
fiber optics, electricity, oil, gas stations, traveler services, etc.

12. Total Facility Revenue. The total revenue that the concession will produce over its life from
toll income and other revenue sources.

13 Fiscal Regime. The legal regime under which the project company will be taxed over its life
(income taxes, value added taxes, depreciation, etc.).

14. Discount Rate. The discount rate that the decision maker will use to discount the project
cash flows over the concession period and calculate its NPV.

Objective Function

The bold rounded square at the bottom is the objective function, the NPV (or IRR) of the
project. The objective function of the project serves as the basis for making the decision. Based
upon the project’s NPV or IRR the decision-maker will decide whether or not go ahead with the
project.

The interaction among all these elements is illustrated in a very straightforward manner
by the influence diagram. For example, once it has been decided to invest in the project a
pavement type (rigid or flexible) must be selected. This decision influences both the fotal project
cost as well as the maintenance cost for the facility. A flexible pavement may have a lower
initial construction cost, but it may cost significantly more to maintain over its lifecycle than a
rigid pavement, which may have a higher initial cost. Maintenance cost then influences total
facility expenses, which in turn feeds into the profitability measure. Another example is the
general economy. A stable political environment and healthy governmental finances, fosters
economic growth, employment and commerce, increasing the amount of goods and services
consumed by society. These goods need to be transported and people require mobility,
increasing the traffic growth rate, and thus increasing the number of vehicles using the facility
(ADT). The ADT is also affected by the foll charged to use the facility due to the price elasticity
of demand. The ADT in turn directly influences the ftotal facility revenue and thus the
profitability measure.
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DECISION MODEL DETAILING

Once the overall structure of the decision has been defined, the next step was to detail
and define all elements of the decision model. This was basically accomplished by expanding on
the elements of the influence diagram, and identifying the sub-elements that comprised them.
All of the decision elements were then grouped into different categories according to their
domain. This section looks in detail at all of the model elements and variables in order to
advance to the next step, the development of a computer model for the decision.

The model elements and variables are grouped into six different categories as follows:
Traffic and toll related

Engineering and construction related

Facility operation related

Fiscal related

Economic environment

Financial

SNk D=

Traffic and Tolls

These are the variables related to projected use of the facility over its lifecycle and the
tolls to be charged to the users. These are the most important elements in the decision, since they
represent the main source of revenue, thus for repayment of the project. As Roth states, traffic
forecasting is not an exact science (Roth, 1996), and it its often subject to a high degree of
uncertainty. The toll-traffic study carried out by Orozco (1997), as part of this research project,
demonstrates that these two elements are closely related. This study, which is further discussed
in the following chapter, provides with a methodology to predict the approximate amount of
traffic that will use a toll facility. The following are the elements that fall in this category:

Average Daily Traffic (ADT)

The initial ADT is the number and type of vehicles that on a daily average use the
facility. For the purpose of this research, vehicles have been classified into three different types:
cars, buses, and trucks. The percentage of each type of vehicle using a facility is called the ADT
distribution.

The initial ADT of a toll facility depends on a number of factors, which are thoroughly
discussed in Orozco’s study, and summarized later on in this report. As a toll road is priced as a
service, due to the price elasticity of demand, the most important of the factors affecting the
“traffic demand” is the toll charged to the user, which is discussed below.

ADT Growth Rate

The traffic growth rate refers to the yearly rate at which the ADT is expected to grow
over the facility lifecycle. The factors determining the traffic growth rate are rather complex, as
they depend on macroeconomic factors, such as GNP, consumer expenditure, prices of fuel, etc.,
therefore this variable must be carefully determined for the specific project being analyzed.
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Toll Structure

Toll structure refers to the toll amount to be paid by each type of vehicle, cars, buses, and
trucks with cars generally paying the lowest toll and freight trucks paying the highest. As noted
earlier, the ADT and the toll structure are closely related, and they represent the main source of
revenue for the facility.

Engineering and Construction

These elements are those related to the design and construction phases of the project and
those that directly influence initial project hard costs and its schedule.

Design

The percentage of the project design completed at the time of carrying out the cost
estimate and the feasibility analysis is crucial to determine the variability of the initial cost
estimate. The host government may provide the basic design data, but the detailed engineering
generally has to be carried out by the concessionaire. As the design effort is commensurate with
the project’s complexity, its cost is generally expressed as a percentage of the total construction
cost. According to a Mexican transportation official, for feasibility purposes a 10 percent of the
total construction cost can be used as a proxy for total design cost (Aldrete & Orozco, 1996).
McConville (1996) suggests the use of an 11 percent for complicated facilities.

Construction Cost

This concept encompasses all of the project hard costs, and it is given as a dollar amount.
These are the costs for the pavement structure, bridges, and tunnels; toll charging facilities,
equipment, toll booths, administrative building, emergency medical facilities, etc.

The costs of road construction depend on a number of factors, including terrain,
pavement type and thickness, number of lanes, number and spans of bridges and tunnels, etc.
There are two major types of pavement structures: rigid pavements (Portland cement concrete)
and flexible pavements (asphalt concrete). The pavement type used will not only affect the initial
construction cost, but also the maintenance cost of the facility over its lifecycle, as discussed
below.

®  Pavement Type Selection

Pavement type selection is a complex engineering problem that involves an assessment of
many types of factors, including traffic, soils, weather, materials, construction, maintenance, and
environment. The selection process is facilitated by comparing cost estimates for alternate
pavement designs, including not only the initial cost but also the subsequent cost to maintain the
level of service desired over the project lifecycle.

Rigid pavements generally have a higher initial cost than flexible pavements, but they
have an average life span of 30 years, as compared to the 15 years average life of flexible
pavements. Rigid pavements also have been found to carry more than three times their design
traffic and to behave better under heavy loading conditions (American Concrete Pavement
Association [ACPA], 1998). In other words, rigid pavements offer a better performance.
Performance is understood as the degree to which the road fulfills its purpose, as measured by
the accumulated quality and length of service that it provides to its users. A common scale to
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measure road performance is the 0 to 5 scale of the Present Serviceability Index (PSI) for
pavements (Hudson, 1996).

According to Cole (1997), the lifecycle cost analysis for selection of pavement type must
be done with comparable sections and taking into account their rehabilitation timing
(performance) over the analysis period, in our case, the concession life. Cole defines comparable
sections as those with the same structural capacity, similar traffic-carrying capacity over the
analysis period, and which provide a reasonably similar level of service. Figure 6.3 shows an
example of two hypothetically equivalent sections of the two different pavement types along
with a hypothetical performance curve that illustrates their rehabilitation timing (performance).

Equivalent Sections and Pavement Performance
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10- in. PCC *High Initial Cost
sLow Maintenance Costs
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>
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Fig. 6.3 Equivalent Sections and Pavement Performance (ACPA, 1997)

® Construction costs in the FEMTH

For the purposes of the FEMTH, these costs are divided into road construction (or
conventional structures) cost and special structures cost. The former includes all of the above
mentioned costs, except for non-conventional construction items, such as long span bridges and
tunnels, which are included in the latter.

The reason for this construction cost breakdown is to give the decision-maker the chance
to estimate these two types of construction separately, given the uncertainty that the existence of
special structures may bring into the initial estimate. Conventional highway construction costs
are rather standard and can be estimated more accurately at the project feasibility stage, from
similar projects, than the cost of non-conventional structures. That is, the cost deviation from the
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initial estimate is more likely to be larger for non-conventional structures than it is for
conventional highway construction. The advantage of splitting these costs will become more
evident as risk analysis is introduced into the FEMTH.

Project Schedule

Project schedule refers to the time period between the signing of the concession contract,
or the beginning of the detailed design phase, and the start of project operations, including the
construction period. The time units used for the FEMTH are months.

As previously noted, toll road projects are usually schedule driven projects. The earlier
the project enters in operations, the earlier the revenue stream starts, thus saving in financial
costs and increasing the rate of return on the project.

Project expenditures (thus project cost) and schedule are closely related as mentioned in
Chapter 4. The rate at which money is spent at the design stage is very low, increasing gradually
and reaching its peak at the construction stage, at the end of which it starts declining. This
relationship between project cost and schedule becomes very useful in the development of the
computer model.

Construction Supervision Cost

This is the cost of the external engineer or supervisor mentioned earlier, in the concession
contract section, which monitors the construction process. For our purpose, the cost of the
services rendered by the external supervisor is given as a percentage of the construction cost
carried out in a given period. A paper from Cervantes and Rubio (1992) cites a supervision cost
of 3 percent for Mexico, but this number varies from project to project and it is likely to be
negotiated.  Although usually the host government appoints the supervisor, it is the
concessionaire who pays for its cost.

Right of Way

This variable refers to the cost of the land and rights of way for the road. Generally the
host government covers these costs as part of the concession agreement, thus the concessionaire
should not include them in his/her analysis. In other cases the host government applies a tax or
commission on the facility’s toll income to help to amortize these costs (Cervantes & Rubio,
1992). On the other hand, this cost should definitely be included in the analysis in those cases
where the host government will not be providing it.

The cost of land for the right of way will vary through different locations, depending on
the degree of development of the region, the environment, etc. Land for the right of way should
be priced before including the development impact of the road, which will bring its price up. For
preliminary feasibility analysis purposes, Carlos Orozco suggests the use of a 10% of the
project’s construction costs (Aldrete & Orozco, 1996).

Facility Operation

These are the variables that affect the toll road during the operations stage. These are the
costs of the ongoing operations of the facility as well as the revenues linked to the facility that
the concessionaire may obtain from activities other than charging tolls to the road users.
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General Administration or Overhead Costs

This variable encompasses all those expenses arising from managing the concession
enterprise, the concessionaire’s overhead. These costs include administrative personnel and
office materials, facilities management, incident management, etc. Highway patrol costs are not
included in this category because they tend to vary depending upon the administrative
arrangement with the host government. A study carried out by Gittings (1982) estimated these
costs to be around 22.5 percent (varying between 18 and 25 percent) of the total annual operating
and maintenance costs.

Toll Collection Costs

The cost of collecting the tolls will depend on the number of employees, location, number
of booths, and the type of toll collection system used. There are three basic systems for toll
collection, manual, automatic coin machine, and electronic toll collection (ETC). The first two
are still the most used methods for toll collection. They require a driver to stop and pay (to an
operator or inserting coins) before continuing his/her journey, resulting in congestion at toll
plazas and time lost. ETC is based in the technology called automatic vehicle identification
(AVI), which is the process of identifying a vehicle by a unique identification code as it passes a
sensor without requiring any action from by the driver or observer. It combines an on-board
transponder with roadside receivers to automate vehicle identification and charge the toll amount
to the user account. This technology has become quite inexpensive over the last few years, and
its use is constantly increasing as agencies and users become more familiar with it. The study by
Venable (1994) describes this technology in detail and serves as a reference to this section.

® Capital Costs

Manual and automatic systems require each expressway lane to expand to three approach
lanes, which then expand to six tollbooths to ensure that the capacity of the road itself is not
restricted by the capacity of the tollbooth. Tollbooths are land (right of way), labor (toll
operators), and time (user) intensive. ETC systems, on the other hand, do not require lane
expansion, they improve the efficiency of revenue collection by alleviating congestion at toll
plazas, increasing tollbooth capacity, reducing toll collection costs, enhancing audit control, and
reducing driver frustration and time lost (Venable, 1994). ETC systems result in overall toll
collection cost reduction. Besides toll plaza cost savings (construction and right of way), the
equipment cost for ETC is lower than for the other systems.

For the purpose of the FEMTH, the capital cost of the toll collection equipment must be
included in the facility construction cost estimate. As a reference the table below presents the
equipment costs in US dollars for the three different systems (Venable, 1994):
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Table 6.3  Toll Collection Equipment Cost (Venable, 1994)

System Equipment Cost
Manual $58,500 per lane
Automatic Coin Machine $58,000 per lane
Electronic Toll Collection $15,400 per lane
Transponder $15 - $50 per piece
ETC Plaza Computer $124,400 per plaza
ETC Central Computers $296,800 per system

As the number of lanes increases, central and plaza system costs are spread over a larger
number of lanes, decreasing the total cost per lane. Due to the type of technology involved, toll
collection equipment capital costs are not likely to vary much from project to project.

® Collection Costs

The study by Venable identifies the following major operating cost items for toll
collection, operator salaries, facility operation and maintenance, and revenue processing fees.
Venable states that the cost per transaction ranges from $0.05 to $0.10, depending on the system
size and rate of use. She also estimates the cost of manual toll collection at US $0.086 per
transaction, including equipment, maintenance, and auditing costs. The same study indicates that
if half of the toll transactions are processed in automatic (coin and ETC) lanes, the overall
average cost per transaction is reduced to about $0.056 (Venable, 1994).

Maintenance Costs

As soon as the road is constructed, it starts to deteriorate as a result of adverse weather
conditions and the application of loads to its surface, requiring continuous maintenance. The
costs of road maintenance, are also known as M,R&R (maintenance, rehabilitation and
reconstruction), and include routine activities, which are continuous, and rehabilitation and
reconstruction activities, which are periodic. The costs of maintaining roads vary with many
factors and also with one another. Timely and effective maintenance increases road life. Some
of these costs (loading damage) occur only as a result of use and vary with traffic, while others
are incurred irrespective of traffic (weather). Table 6.4 lists the typical road routine and
pavement maintenance expenditures (from Hudson & Roth, 1996):

79



Table 6.4  Road Maintenance Expenditures (after Hudson & Roth, 1996)

Routine Maintenance

Pavement and shoulder
Rigid pavements. Cleaning and rehabilitation of joints, slab replacements,
patching, and thin asphalt overlays.
Flexible Pavements. Localized patching, crack sealing, surface treatments,
and thin asphalt overlays.
Reserve and drainage. Vegetation control, drainage cleaning and repair, etc.
Appurtenances. Signs, lighting, pavement markings, barriers, etc.
Structures. Minor repairs to bridges, tunnels, etc.
Snow and hazard control. Removal of snow, ice, debris, and hazardous
materials.
Emergency work. Landslides, washouts, catastrophic damage, etc.
Major Maintenance

Pavement
Rigid Pavements. Hot mix asphalt overlays, concrete overlays, and
reconstruction.
Flexible Pavements. Hot mix asphalt overlays, concrete overlays, surface
milling and recycling and reconstruction.
Structures Maintenance. Major repairs to bridges and tunnels.

As mentioned earlier, the type of pavement (rigid or flexible) selected for road
construction will directly affect its M,R&R costs. The timing and amount of the maintenance
expenditures will be different in each case. The concept of pavement performance previously
introduced serves to illustrate this difference.

According to Hudson (1996), serviceability is the ability of a specific section of
pavement to serve traffic in its existing condition, and the Present Serviceability Index (PSI)
measures it. Plotting a time series of PSI measurements over the facility lifecycle, as seen in
Figure 6.4, can represent pavement performance.
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Fig. 6.4 Conceptual Illustration of Performance Curve (After Hudson, 1996)

The area under the curve represents accumulated service or performance of the road. A
good performing facility should provide a high level of service and should remain in relatively
good and acceptable condition for most of its service life. As mentioned earlier in this chapter,
different pavement types perform differently in both the timing and the amount of M,R&R
intervention (hence the cost) needed to bring their PSI to a high level, and in general, rigid
pavements perform better than flexible pavements.

Curve S in the figure defines a typical pavement performance. According to Hudson, it is
generally assumed that routine maintenance does not have any significant effect on serviceability
and only a major M,R&R action improves the road condition, as shown by Curve 2. The
performance curve can be characterized by three distinct phases of the facility life in the absence
of any major M,R&R treatment (Hudson, 1996).

Phase I starts immediately after construction, or after a major M,R&R as in the case of
Curve 2. A smaller slope and longer period indicates good performance, and the concessionaire
would like to see this period being the same as the concession life, ideally with minimum
maintenance. A sharp increase in the slope of the curve or rate of deterioration indicates the start
of phase II. Lack of appropriate maintenance will accelerate in a relatively shorter period to the
minimum acceptable level, initiating phase III. If deterioration is allowed to continue to the end
of this phase, reconstruction or replacement may be the only effective option at that time
(Hudson, 1996).

In the case of concessioned toll roads, the concession agreement requires the
concessionaire to maintain the highway at very high levels of service, a PSI of 4 or above (Credit
Suisse/First Boston & Interlink, 1997). Therefore, the concessionaire should seek to extend
phase I of the performance curve over the concession period by following the M,R&R policy
mentioned by Hudson of repair, rehabilitation, restoration, and renovation of the pavement to
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improve its condition and extend its life. Pavement performance prediction is key to the accurate
estimation of the M,R&R strategy, and a number of pavement performance prediction models
have been developed over the last decades (Hudson, 1996). However, because all pavement
structures are different, in terms of both local conditions and operation policies, accurate
prediction models can only be developed using detailed historical performance data about
material properties, loads, environment, etc. Therefore at the project feasibility stage it is very
difficult to attempt to make an accurate prediction of the cost of the maintenance strategy along
the life of the facility.

For the purpose of the FEMTH, an annual estimate of the M,R&R costs had to be
determined, allocating these costs uniformly over the life of the concession. Although these
costs do not occur uniformly and in fact, they increase with traffic and time, it is assumed that
the amount allocated each year for maintenance may go to a M,R&R fund from which the funds
are drawn when needed. A paper by Carlos Orozco estimates that the annual costs of
maintaining an expressway at a high PSI are about 2.5 percent of the project’s initial roadway
construction cost in Mexico, and about 5 percent in the U.S. (excluding special structures)
(Orozco, C., 1996). A study by Gittings (1982) on U.S. toll roads supports this figure, indicating
an approximate annual maintenance cost of 5.2 percent of construction cost. Another paper by
Cervantes and Rubio estimates the annual maintenance costs of a concessioned highway in
Mexico at approximately 3.5 percent of the total initial construction cost (Cervantes & Rubio,
1992). From these references, we can establish an annual M,R&R expense that varies between
2.5 and 5.2 percent of the initial conventional roadway construction cost.

Other Revenue Activities

This variable represents all the income that the concessionaire may obtain as a result of
other activities out of toll charging. The concessionaire may be allowed to profit from leasing
the right of way for a number of services, activities, or purposes. Some of these include fiber
optics, utilities, gas and liquid pipelines, and convenience stores, restaurants, and service
stations. This income will vary from project to project, and it would be very difficult to estimate
a number for this variable.

These revenue activities are not likely to impact as strongly the feasibility of a project
when compared to the toll traffic revenue. Nonetheless, if this variable is well managed, these
activities can provide added value to the project in terms of attractiveness to potential investors,
with several business opportunities, and to toll traffic customers with a better service.

Fiscal or Tax

These variables refer to the fiscal regime governing the project company, which will be
specific to the location of the project. State and federal taxes as well as depreciation policies
vary from country to country. In general, it can be assumed that the project company will be
taxed as any private corporation, although there may be special tax breaks and incentives
implemented to attract potential investors and facilitate private participation. Corporate taxes
and depreciation policies are easier to figure out than the potential tax breaks and incentives. For
this reason these tax incentives are excluded from the FEMTH, knowing that their existence
would work in favor of the overall project feasibility. The following paragraphs overview the
most common fiscal regimes that would apply to a private toll road corporation.
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Corporate Income Taxes

This research identified two types of corporate income taxes that could apply to a toll
highway corporation, the regular income tax and the presumptive income tax. As in any
corporation, the concessionaire’s regular income taxes will be calculated by subtracting its
business expenses, exempt income, and deductions from its revenues. The presumptive income
tax is usually calculated as a percentage of the book value of the corporation’s fixed assets.
Presumptive income taxes usually apply in those cases where the corporation declares losses at
the end of the fiscal year. Starting businesses usually have a grace period of a number of years
(3 in Mexico) before they are required to pay presumptive income taxes. Toll highway
corporations are likely to experience fiscal losses during the first years of operation.

The tax rates applicable to the concessionaire will also vary from country to country, and
even from state to state, in case that besides the federal income tax there is a state income tax.
For example, in the U.S. the marginal federal tax rate on regular income for private corporations
is 34 percent. The same rate is applied in Mexico, while a 35 percent is applied in Colombia.
The U.S. does not have a tax on presumptive income, while in Mexico the rate for this tax is 2
percent and in Colombia is 1.5 percent (Secretaria de Hacienda y Crédito Publico [SHCP] &
Credit Suisse/First Boston & Interlink, 1997).

A corporation incurring a fiscal loss may offset this loss against taxable income in
previous (loss carrybackward) and future years (loss carryforward) for a limited number of years.
For example, in the U.S. tax losses can be carried backward for the prior three years and forward
as far as fifteen years (Rao, 1992). In Mexico, losses can be carried forward up to ten years
(SHCP, 1997), while in Colombia losses can be carried forward just for a maximum of five years
(Credit Suisse/First Boston & Interlink, 1997).

Other Taxes

Other taxes identified in this research that can be applied to a toll road corporation
include: a value added tax (VAT), a percentage chargeable on sales and expenses, a worker’s
profit sharing tax that depends on the corporation’s profits after taxes. In some cases there is a
tax or commission levied directly on toll revenues.

The VAT applies to most business related costs, although this and the tax rate vary from
country to country. For example, the U.S. does not have a VAT. Instead it has a sales tax, which
varies from state to state and only applies to the final consumer of a product (it does not apply to
services, like a toll road). In Mexico the VAT rate varies for some items but is in general 15
percent of the cost of the good or service (including interest paid on debt). There are some
exemptions to this tax, like direct labor costs (SHCP, 1997). In Colombia the VAT rate is 16
percent, and the exemptions include direct labor costs, interest payments, and tolls collected on
roads (Credit Suisse/First Boston & Inverlink, 1997).

Worker’s profit sharing taxes are levied when at the end of the fiscal year the corporation
declares profits, and only then. When the corporation declares losses, this tax is not levied. In
Mexico, by law, corporations are required to pay to their workers 10 percent of after tax net
income (SHCP, 1997).

In 1992 the Mexican government through the Ministry of Transportation (SCT) charged a
commission or tax of 0.5 percent on the gross income generated by the tolls charged to the users
(Arias, 1990). This commission was used to help the government to cover for the cost of the
right of way.
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Depreciation

Depreciation is according to Rao (1992), the allocation of the historic cost of an asset
over its estimated economic life. In a toll highway facility there are many physical components
with different service lives (Hudson, 1996). Pavements generally deteriorate over 18 to 30 years,
while the toll collection equipment may become obsolete over 10 years. Structures may last over
50 years, and rights of way may not deteriorate at all. Although depreciation is an accounting
expense that does not involve the disbursement of cash, it affects the amount of cash paid out in
the form of taxes, and therefore it is very important to the concessionaire. Depreciation on fixed
assets is a deductible expense for tax purposes according to the rules set out in the specific tax
legislation of the country where the project is located.

There are two types of methods that are commonly used to depreciate assets: straight-line
and accelerated methods. Straight-line depreciation is the simplest method, and it is used in the
FEMTH to determine the depreciation expense. It spreads the historic cost of an asset evenly
over its economic life. Usually tax legislation indicates the asset lives for tax depreciation
purposes. For example, in the U.S. the service life of non-residential property is 31.5 years
(Wurtzebach, 1985). In Mexico and Colombia it is 20 years (SHCP, Credit Suisse/First Boston
& Interlink, 1997). However, in the case of a toll highway this is likely to be a special tax case.
Its service life for tax purposes could vary around the shortest of the duration of the concession
and the service life of the pavement structure (between 20 to 30 years), since pavement is the
largest cost item of the facility.

Economic Environment

These are macroeconomic variables that are non-project specific, hence they are out of
the control of the concessionaire and are the most uncertain as well. These variables depend for
the most part on the state of the economic and political environment of the particular country
where the project is located, and practically influence every other element in the project. These
variables deal with inflation, foreign exchange, interest rates, and political risks.

All of these macroeconomic elements are closely interrelated and it would be very
difficult to provide a thorough explanation of their interaction in this report. Foreign exchange is
a very complex variable, which is linked to a number of other factors, such as the country’s
economic policy, inflation, balance of payments, etc. These issues become very critical when the
financing for the project is obtained abroad in a foreign currency, the debt has to be serviced in
the same currency, and the toll income in the facility is in local currency. The availability of
currency to make the payments and the exchange rate at which the concessionaire can obtain it
becomes a major risk for the project’s feasibility. This can be further complicated if the tolls are
not linked to inflation. It is in these cases where the guarantees and agreements mentioned
earlier, among international development banks, host governments, financiers, and
concessionaires are used to mitigate these risks.

Forecasting with acceptable accuracy foreign exchange and inflation rates in developing
countries over such a long period as the life of a concession is a very complex issue and probably
impossible. The following paragraphs provide the reasoning followed to consider them in the
FEMTH without further complicating the development of the model.
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Foreign Exchange and Inflation

This variable refers to changes in the exchange rates between the host country’s currency
and foreign currencies; especially those used to finance the project. Exchange rates are
influenced by many factors, with inflation rates, interest rates, balance of payments surpluses or
deficits, and the level of international reserves among the most important (Rao, 1992). The
increase in foreign currency exchange rates is also known as devaluation of the local currency,
and it is more noticeable in less developed countries. A devaluation boosts the prices of goods
and services in the local country, especially those that rely heavily in imported inputs which are
priced in foreign currency, leading to a generalized inflationary process, and a recession in the
economic activity.

The importance of this issue resides in the fact that while the project’s toll income is
priced in local currency, its debt obligations (or part of them) have to be paid in the foreign
currency, usually U.S. dollars. As a result of devaluation, the concessionaire will need more
local currency units to pay for the same foreign currency obligation or higher domestic interest
rates. At the same time the concessionaire’s local currency net income stream does not change
or may even decline due to a decrease in traffic and price increases in its operating inputs.

Both host governments and institutional lenders have to address the devaluation problem
with a number of risk mitigation and hedging strategies. Bond and Carter (1994) suggest that
host governments may agree to link toll prices to the project’s debt service cost (exchange and
interest rates) or to an inflation index in case that the tolls are regulated.

It would be very difficult, if not impossible, to accurately forecast inflation rates or the
timing and currency exchange rates over such a long period as a toll highway concession in a
feasibility evaluation model and would merely introduce more uncertainties into the evaluation.
However this issue still needs to be acknowledged and addressed in some way. In order to
determine the best or most practical approach to address this variable, Pedraza (Aldrete, 1997)
suggested to avoid the exchange rate issue by using constant U.S. dollars to develop all the cash
flows over the life of the project. The rationale behind this approach is discussed in the
following paragraphs.

The first argument for this approach refers to the facility revenue stream and is based in
the concept that inflation and currency exchange rates are closely interrelated. One definition of
inflation by Martin Brofenbrenner says “Inflation is a fall in the external value of the money as
measured by foreign exchange rates... or indicated by excess demand for gold and foreign
exchange at official rates” (Lopez de Ortigosa, 1994). Rao (1992) further explains this concept
in his discussion about the purchasing power parity and the interest rate parity theories for
exchange rates.

After devaluation and over a reasonably short period, as a result of price increases, toll
income will recover from exchange rate adjustments. Immediately after devaluation, real toll
income will fall, but over time nominal toll income will increase as a result of price increases,
recovering the facility’s real toll income levels at some point in time. Although the lag between
the devaluation and the time when real toll income is recovered creates cash flow problems in the
short run, over the long-term analysis of the concession period, these temporary cash problems
will not have a strong impact on the feasibility of the project.

To illustrate this, the case of the Mexican peso and the U.S. dollar was analyzed on a
monthly basis, from January 1980 to February 1998. First a dollar adjusted exchange rate index
(AERI) was created based on the nominal pesos exchange rate for constant U.S. dollars with
base in January 1984. Adjusting the value of the dollar by the U.S. consumer price index (CPI),
the nominal amount of pesos paid for one January 1984 dollar over the dates mentioned earlier
was used to obtain an exchange rate index based in January of 1994. Once the AERI was
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obtained, it was plotted against the Mexican CPI based in January of 1994, from January 1980 to
February 1998. The detailed data for this analysis is included in Appendix C. Figures 6.5 and
6.6 depict the plot of both indexes, the first on a decimal scale and the second in a logarithmic
scale to better illustrate the behavior of the indexes on the first years of the analysis (BDINEGI
& BOGFRB, 1998)!.

CPI IN MEXICO VS. U.S. DOLLAR (1980-1998)
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Fig. 6.5 Exchange Rates and Inflation in Mexico (1980-1998) (Exhibit I)

I Banco de Informaciéon Econémica del Instituto Nacional de Estadistica, Geografia e Informatica [BDINEGI] &
Board of Governors of the Federal Reserve System [BOGFRB].
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CPI IN MEXICO VS. U.S. DOLLAR (1980-1998)
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Fig. 6.6 Exchange Rates and Inflation in Mexico (1980-1998) (Exhibit II)

Both figures show clearly how foreign exchange rates and inflation follow each other. It
could also be argued that the value of the income lost at the time of a devaluation balances out
with the overvaluation of the local currency at other points in time, when inflation is high and the
foreign exchange rates remain low. A more thorough analysis of this issue is out of the scope of
this report. Right now, this idea serves to justify the use of U.S. dollars for the development of
the FEMTH in order to avoid the additional uncertainty that would bring in the inclusion of
exchange rate forecasts, and would not add much value to the final results of the analysis.

The second argument that serves us to justify the use of constant U.S. dollars refers to the
facility expenditure stream. At the present time most of the inputs to the project construction and
operation (except labor) have reasonably similar international prices. Highway construction is a
materials and machinery intensive and not labor intensive process. With the increasing use of
semi-automatic and automatic toll charging, operation of the tollbooths is becoming less and less
labor intensive. General administration has a small share of total operation cost, and personnel
salary differences at the managerial level are less marked internationally. Thus, the share of
project expenditures that would not be directly linked to the currency exchange rate is fairly
small, making it reasonable to estimate the project cash flows in a more stable currency, like the
U.S. dollar.

Interest Rates and Inflation

This variable refers to the interest rate to be paid for the funds borrowed for the project.
The relationship between interest rates and inflation has already been explained in Chapter 4. In
capital markets priorities for funds allocation are determined on the basis of a pricing structure
expressed in terms of interest rates and required rates of return (RRR). These rates are
determined by the supply of, and demand for, funds within particular categories of risk and
maturity of investment. As Fisher’s equation demonstrates, interest and required return rates are
significantly affected by the inflation rate in the general economy, and an inflation premium is
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built into both rates to reflect the capital’s loss of purchasing power over the term of the
investment (Wurtzebach, 1991).

For example, the prime lending rate is defined as the rate that U.S. banks charge to their
most creditworthy customers, and serves as a benchmark to most bank loans (Rao, 1992). Figure
6.7 depicts the prime interest rate from January 1966 to February 1998 (BOGFRB, 1998), plotted
in both nominal and real terms. The gap between each curve represents the inflation premium
for each observation. The real interest rate was obtained using Fisher’s equation and the monthly
data for the prime rate and the U.S. CPI. The source data for this analysis is also included in
Appendix A.

Nominal and Real Prime Interest Rate
(Monthly Basis 1966-1998)
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Fig. 6.7 Nominal and Real Prime Interest Rates in the U.S. (1966-1998)

The approach followed to deal with inflation in the FEMTH will be the one mentioned in
Chapter 4, the constant currency approach. Thus, by tying this approach with the one convened
to treat the exchange rate problem, the cash flow profiles of the FEMTH are developed in terms
of constant U.S. dollars. Consequently, the rates used to carry out the financial analysis (both
interest and discount rates) are real rates, calculated with Fisher’s equation introduced in Chapter
4. Therefore, the results yielded by the model are expressed in real rates and constant or base
year U.S. currency.

Political Risk

Political risks were briefly discussed in Chapter 5. This is an economic environment
variable, which is highly uncertain, very hard to measure, and totally out of the control of the
concessionaire. As mentioned earlier, these risks include expropriation, changes in the
regulatory regime that affect the project, failure of the host government to meet contractual
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obligations, or even events such as war or civil unrest. The importance of this variable depends
on the specific country and project itself, the perceived volatility of the economic and political
environment, and the priorities of the investors (Bond & Carter, 1994).

The traditional way to account for this type of variable in a discounted cash flow model
like the FEMTH would be by incorporating a project specific risk premium into the required rate
of return. Such an approach is entirely subjective and goes beyond the scope of this study.
However, there are a number of other instruments currently used to hedge from or mitigate this
type of risk in infrastructure projects, such as the previously mentioned guarantees, insurance
and other agreements. The study by Bond and Carter (1994) discusses this issue in greater detail.

Project Financing

These are the variables that deal with the funding scheme of the project and in one or
another way affect the cash flows overt the life of the project. Chapter 4 discussed different
potential scenarios for project funding and the financing risk vs. cost of funds difference between
the construction and operation phases. Ideally, the best strategy would be complementary bank-
bond financing with bank financing during the early years of the project followed by refinancing
with longer term bonds once the project is completed. However, at the feasibility analysis stage
of the project it is difficult to anticipate the costs and timing of bond issuance, since project
feasibility has not been proven. Considering this and the case studies used for this research,
which were for the most part financed through commercial bank loans (Cervantes & SCT 1992,
1996), the bank loan scenario was selected for the development of the FEMTH.

Capital Structure

The capital structure of the project, as mentioned in Chapter 4, in terms of the
concessionaire’s capital (equity) and the funds borrowed (debt) used to finance the project. As
mentioned earlier, in toll road projects the amount of equity fluctuates generally around 20 to 30
percent of the total project cost due to the large amounts of capital required and the particularly
risky nature. The choice of a specific capital structure depends on a number of factors, including
taxes, cost of financing, project risk, etc. A thorough discussion on capital structure decision
making can be found in most financial management texts. For the purposes of the FEMTH, the
project’s capital structure may be based upon the previously mentioned values.

Interest Rate

The approach to deal with this variable was already discussed in the previous section.
The financial cost of capital or interest rate carried by the project debt over such a long term
(beyond 20 years) is a highly uncertain and volatile variable. Loan interest rates are usually a
floating variable that is tied to the prime lending rate, the rate for commercial paper, or the
London Inter-Bank Offered Rate (LIBOR). Although the prime lending rate was defined as the
rate charged to the most creditworthy customers, a number of large, healthy companies pay 1 or
2 percentage points below this rate. On the other hand, small businesses are usually charged at
least 1.5 to 2 percent above the prime rate (Rao, 1992). The LIBOR is a rate set based on the
rates charged by one European financial institution on loans to another, and loans to
multinational companies are quoted in terms of the LIBOR plus a percentage for the risk
premium based on the borrower’s creditworthiness.

&9



Figure 6.7 depicted the values of the prime rate (nominal and real) over the period 1966-
1998 on a monthly basis. The average value for this rate during this period was a nominal of
about 9 percent, with an average real of 3.77 percent (3.99 percent after eliminating negative
values). The same analysis was performed on the LIBOR rate (1971-1998) to obtain an average
nominal rate of 6.89 percent and the real of 2.27 percent (2.69 percent after eliminating
negatives). Thus if a multinational firm pays 1.5 percentage points below prime or 1 point above
LIBOR, the real rate paid would be the same (3.27% vs. 3.27%), corroborating the notion that
the cost of capital is very similar in the capital markets. The detailed data for these analyses is
included in Appendix A.

Debt Origination Cost

This variable refers to the additional costs of originating the loan or issuing the debt. The
investment institution that will backup the project or serve as intermediary between the investors
and the concessionaire generally reviews the concessionaire’s feasibility analyses and proposals
and evaluates their appropriateness against the backdrop of current market conditions. The
investment institution also performs intensive due diligence, an investigation of all the aspects of
the concessionaire (or its members) business, finances, management, projections etc. These
procedures have costs associated with them besides, which consist of the investment institution
spread (or fee) and administrative costs. The spread and the administrative costs are usually
expressed as a percentage of the amount borrowed. According to Rao (1992) the spread costs
fall below 2 percent and administrative costs below 1 percent, which coincides with the total of 3
percent origination costs mentioned by Cervantes and Rubio for a toll road project in Mexico
[1992].

Discount Rate

One of the most important and sensitive variables in the FEMTH is the discount rate used
to arrive at the NPV of the project cash flows. It is also the hurdle rate against which the
project’s IRR is compared or the required rate of return (RRR) discussed in Chapter 4. The RRR
is in essence a yardstick for the minimum level of performance of the investment. As defined in
Chapter 4, the real RRR must be determined based upon three elements, the risk-free rate plus
undiversifiable and diversifiable risks.

The assessment of the diversifiable or project unique risk component is one of the
primary objectives of the risk analysis process in the FEMTH. Thus in order to avoid double
counting these risks, the RRR should not be affected by this factor when performing risk analysis
using Monte Carlo simulation. This approach is related to the state preference or certainty
equivalent capital market theory cited by Rao and Wurtzebach (1992, 1991), which adjusts the
expected cash flows to their certainty equivalent and discounts at a risk free rate, which is
essentially what the simulation process does.

However, there are certain subjective risks whose impact on the expected project cash
flows would be very difficult to quantify numerically, such as some country specific risks, and
still the most practical way to take them into account is by adding a risk premium to the RRR.
These issues are out of the scope of this report; yet there are a number of international
organizations that publish data that may help to determine the degree of political risk for specific
countries, such as the International Finance Corporation, Amnesty International, etc. (Bond &
Carter, 1994).
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Thus, the approach to determine the RRR or discount rate to be used in the FEMTH
would be as follows. The first component, the risk-free rate would be the average interest rate
yielded by the U.S. Treasury 30-year bonds (around 2.98 percent), since its maturity
approximately coincides with the project investment period and the reference currency being
used. The undiversifiable risk component would then be the average real return in the capital
markets less the risk-free rate (using an average of 6 percent). The diversifiable risk component
will not be added at this point for the reasons previously discussed, but the analyst should bear
these risks in mind. These numbers add up to a 9 percent risk-free plus diversifiable RRR.

For comparison purposes, let us mention the rates of return for similar projects
throughout the world. According to Quinet (1990), the rate of return (real) obtained in the
financial analyses of private toll roads is 10 percent, and Szymansky (1997) suggested the use of
a 7.5 percent real discount rate for a NPV analysis of the Eurotunnel. Thus, for the purposes of
the FEMTH, a 9 percent or the particular investor’s average cost of capital is suggested as a
lower boundary for the RRR, which is equal to that suggested by Hirshleiffer for private utility
investments, at 9 percent (in Wohl, 1984). Furthermore, in the same way as its components, this
rate is not static. It is dynamic by nature, and thus the analyst must also consider the effects of
its variation on the results of the analysis.

Cash Flows and Debt Amortization Scheme

This concept refers to the particular scheme that will be considered to repay the project’s
outstanding debt. As stated earlier, toll road projects are generally highly leveraged projects, that
is, they are mainly financed through borrowed funds. As a general rule, once taxes have been
paid, debt holders have the first claim on the project’s assets and only after they have been paid,
equity holders can receive their profit.

Typically, infrastructure projects, and specifically toll roads do not have revenues during
the construction stage and their income is limited during the first years of operation. The
financing plan and debt structure must be designed to fit the revenue scheme associated with the
project in order to make it feasible, resulting in “level,” or “deferred” debt service payments.
Thus, under normal conditions initial interest payments are capitalized in bank loans (deferred)
or the issuance of bonds (level), that is, there is an initial grace period in which there are no
interest payments.

In the FEMTH a bank loan with a deferred debt service mechanism is assumed as the
debt financing mechanism. Besides eliminating the uncertainties associated with a bond issue,
this mechanism also allows for uncertainty in construction costs, revenues, toll adjustments, and
stochastic variation in traffic growth. Hence the debt amortization scheme must be planned
according to the projected cash flows, giving priority to debt repayment. Likewise, by repaying
debt first, the project is freed from additional financing costs and investment recovery is
accelerated. However, this scheme further emphasizes the schedule driven nature of toll road
projects, since interest is capitalized during the construction period and delays demand high
penalties. Both international development and private investment banking institutions support
this financing scheme (Jones & World Bank, 1998, 1991).

Development of the Computer Model

The influence diagram in Figure 6.2 consists for the most part of rounded rectangles, that
is, constants, intermediate calculations, and consequences. Although these three different roles
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may seem confusing, the basic idea is the same in each case; for any variable represented by a
rounded rectangle, as soon as its inputs are known, the value of the variable can be calculated. In
the case of constants, there are no inputs and therefore there is no calculation to do.

The information needed to arrive to the objective function, the profitability measure that
serves to evaluate project feasibility, revolves around accounting information, which is easily
handled with the use of a computer spreadsheet, such as Microsoft Excel. As Clemen states
(1996), “A spreadsheet environment is ideal for working with accounting data and building
financial models for the possible outcomes and consequences in a decision situation.” In a
spreadsheet it is possible to construct the decision model and create subsidiary models to provide
the inputs to the elements in the influence diagram, develop cash flows profiles, obtain expected
values, and finally calculate the model’s profitability measure.

The conceptual model of the FEMTH was structured as a Microsoft Excel spreadsheet
template. The integrated functions and programming capabilities of Excel were used to create a
model that only requires the user to input the basic data in a straightforward manner to calculate
the model’s objective function. Two toll road case studies, one presented by Arias (1990) and
one presented by Cervantes and Rubio (1992) were initially used as a basis to prepare the
structure of the spreadsheet model. The detailed code of the spreadsheet template is included in
Appendix D.

In essence, the computer model consists of three elements, an input form, a discounted
cash flow calculation structure, and a cumulative cash flow profile and results screen. In the
input form the user enters the expected values and other information needed to calculate the
model’s variables. This information includes data about traffic and planned tolls, design and
construction costs, operation and maintenance costs, financial and fiscal information, etc. Based
upon this information, the discounted cash flow structure calculates the cash flow profiles for the
project over its lifecycle and yields its profitability measure. Then, the cumulative cash flow
profile and results screen displays a cumulative cash flow graph for the project’s life and the
objective function results.

Input Form

The input form is the primary interface between the user and the FEMTH. The basic
project data is entered here for the model to calculate the project’s objective function. The
model calculates the objective function in terms of both, the NPV of the project, and the IRR,
and displays the results for the then current input values. The format for all the inputs follows
the logic from the previous discussions, and the values are calculated in base year constant
dollars using real interest rates.

At this point it is important to clarify that the ADT diverted to the toll road is determined
by using the toll-traffic demand model discussed earlier, which is based upon the Mexican toll
road network case. In order to apply the FEMTH to other economic region, the toll-traffic model
would need to be modified to reflect the characteristics of the particular case. However, as one
of the objectives of this research was to create a generic model, there are two versions of the
input form. The only difference between these versions is in the data section called traffic and
tolls. In both versions, this section produces the same information, which is later used in the
discounted cash flow structure. The other two elements of the FEMTH remain the same with
either input form version.

The first form, the case study or input form, shown below in Figure 6.8, specifically
applies the toll-traffic demand model to determine the basic traffic data. The second, the generic
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form, is more general and has some shortcomings. It does not include any methodology to
determine the traffic data, which is instead, totally input by the user, making the results obtained
with it more general as well. Both forms consist of seven major sections, six for data input and
one for output of preliminary results. These sections are discussed below, including the two
different traffic and tolls sections. The cells in white color are cells that require input from the
user and the model calculates the darker cells.
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FEMTH Input Form

Fig. 6.8

Traffic and Tolls Data Section

The data input and calculated in this section is the basic traffic and toll information of the

The traffic and tolls section of the case study input form, illustrated in Figure 6.8, is
divided into two main subsections: the corridor data and the toll route data. The model assumes

project.
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that a “free” road already serves the same corridor as the projected toll road. The traffic that will
divert to the new toll facility is then calculated using the toll-traffic demand model (Orozco,
1997), which is discussed in detail in the next chapter.

The information about the corridor data includes the total average daily traffic (ADT), the
ADT distribution (in percentage) in three categories, car (A), bus (B) and truck (C), and the total
travel time. All the information is from point to point for the same stretch as the toll road. The
toll route data includes the total length in kilometers, the expected travel time from point to
point, and the toll fare in dollars per kilometer for each of the three vehicle types.

Based upon this data the model calculates and displays the expected ADT and the ADT
distribution for the toll road. Finally the user must input the maximum and minimum expected
traffic growth rates over the analysis and the duration of the concession period.

Figure 6.9 below illustrates the traffic and tolls section of the generic input form. The
data in this section includes the ADT in absolute numbers, the ADT distribution in the three
vehicle categories, and the total toll fare for each category. Finally this section also includes the
maximum and a minimum expected traffic growth rate and the duration of the concession period.

|. TRAFFIC AND TOLLS (Generic)

INITIAL ADT 8,500

DISTRIBUTION TOLLS

CAR (A) 50.73%] $ _ 8.24

BUS (B) 8.95%| $ 15.45

TRUCK (C) 40.32%] $  22.66

ADT GROWTH RATE (Min [ 1.50% | _4.50%

CONCESSION LIFE (Years) 31.50

Fig. 6.9 Traffic and Tolls Section (Generic Form)

Design and Construction Data Section

The inputs in this section are divided into project cost and project schedule items. The
first item is the cost of conventional road construction in dollars. Next, the cost of special
structures such as tunnels and long span bridges, also in dollars, and then, the cost of design
expressed as a percentage of the construction cost. This division of construction cost elements
will become useful later on for the risk analysis routines. The next inputs are the cost of right of
way in dollars, in case that the user wants to include it in the analysis, and the cost of
construction supervision as a percentage of total construction cost.

Finally, the project schedule data is simply the overall expected duration of the project
design and construction stages in months. Since the cash flows in the spreadsheet are calculated
quarterly, the computer then calculates the cell labeled “QUARTERS,” which is simply the
number of months divided by three and then rounded off.
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Operation and Maintenance Data Section

This section is divided into two cost input groups: direct and indirect costs. Direct costs
are those that arise from the actual use of the facility for its end purpose, costs that the traffic
going through the facility and the existence of the road structure itself originate. First in this
group is the cost of collecting tolls in an average dollar cost per transaction basis. The next input
is the average yearly M,R&R cost, as a percentage of the initial conventional cost.

Indirect costs are those that arise from the operation of the highway as an enterprise, that
is, the administrative costs. This input is expressed as a percentage of the total direct operation
cost.

Financial Data Section

There are four data input groups in this section. First are the project’s capital structure
data, equity, and debt expressed as a percentage of the initial total project cost.

Next are the loan data, which includes the fee for debt origination as a percentage of the
amount borrowed and the expected interest rate specifically for the first quarter of the project.
The information from the reference interest rate subsection is used to model subsequent interest
rates during the simulation process. This data is concerned with the interest rate that determines
the rate charged on the project’s debt, i.e. prime rate, LIBOR, etc. The input initial reference
rate is the prevailing reference rate expected for the first quarter of the project. The expected
long-term average (or the mode) of the reference rate is the last item in this group (e.g. 3.77
percent for the prime rate, 2.27 percent for LIBOR, etc.). The example in the figure would be
paying around 0.37 percent below the prime rate.

Finally, the last item in this section is the RRR specified by the user, which will be used
in the NPV analysis.

Fiscal Data Section

This section serves to enter the information related to the fiscal regime in the particular
country where the concessionaire is operating. All the taxes are expressed as a percentage, and
not all of the taxes listed in this section may apply to every case analyzed, and the cell needs to
be left blank. The corporate income tax is probably common to every country. On the other
hand, the presumptive income and profit sharing taxes are not that common. The general Value
Added Taxes (VAT) is more common. However, it is not very common that interest payments
and debt issuance fees are taxed with a VAT. The toll revenue tax is very rare and is included in
the input screen due to the precedent of the Mexican case. Finally, the user is asked to enter the
period of time over which the facility will be depreciated for tax purposes, using a straight-line
depreciation method.

Other Income Data and Financial Analysis Results Sections

The purpose of the section labeled “OTHER INCOME” is to allow the user to consider
other income sources in the analysis, including right of way rental, or services provided along the

road, such as gas and service stations, etc. There are two cells to input a quarterly dollar amount,
which are added by the computer in the colored cell labeled “TOTAL.”
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Finally, the Financial Analysis Results section displays the results of the NPV and IRR
analyses calculated by the spreadsheet with the data input from the previous sections, expressed
as a dollar amount and as a percentage respectively.

Discounted Cash Flow Structure

In order to arrive to the model’s measures of profitability, that is, the project’s after tax
NPV and IRR, its cash flow profiles need to be organized, discounted, and analyzed. Based
upon all the information discussed earlier, the main calculation structure of the model was
constructed in the body of the spreadsheet. The structure is subdivided into six different sections
where the project’s cash flows are calculated and organized. The programming capabilities and
built-in functions of Excel were then used to automate the discounted cash flow analysis process
and respond to the information furnished by the user in the input screen. As a result of this, there
is no need to modify the spreadsheet structure every time that the user wants to analyze a
different project. Thus, the user can vary all of the project inputs at will without affecting the
accuracy of the calculations.

The project cash flows are analyzed on a quarterly basis, due to the length term nature of
the concession periods, and following an end of period convention. That is, cash flows are
estimated and assumed to occur at the end of the quarter. Only the cash flows for the design and
construction stages are first analyzed on a monthly basis and then summarized into quarters.
Also, because toll road concession periods seldom go beyond fifty years, the model is designed
to analyze any project up to sixty years of concession life, from the design to the operations
stages. The following paragraphs describe the model’s structure and the methodology followed
to generate the net cash flows after taxes for the project, which in turn lead to the project’s
expected NPV and IRR.

The discounted cash flow model is then divided into the following sections:

Monthly schedule of project execution expenditures

Quarterly schedule of expenditures for project execution and maintenance
Toll income and capital investment

Flow of funds analysis

Income statement

Analysis of net cash flows after taxes

SAINANE ol

Schedules of Project Execution and Maintenance Expenditures

At the feasibility stage it is very unlikely that an accurate schedule of design and
construction activities will be available to estimate the cash flows for the project execution stage.
Despite this fact, the first attempt to estimate this information for the FEMTH was to link a
project scheduling software package to the spreadsheet software. This approach was abandoned
due to the fact that the processing speed performance of the computer was severely hampered.
The accuracy gained through this procedure did not compensate the complexity and amount of
work involved with linking the scheduling software and detailing the project schedule at the
activity level with information still highly uncertain. Thus, an alternative approach had to be
developed to estimate the amount and timing of the cash flows during the project design and
construction stages.

As shown in the Influence and Expenditures Curve for the project lifecycle in Figure 4.1,
the typical cumulative expenditures vs. time diagram of a project takes the shape of a letter S. At
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the beginning of the project, when planning, design, mobilization, and organization take place,
expenditures accumulate slowly. Later, when most of the equipment, labor, and materials are on
the project, costs accumulate almost at a constant rate. Toward the end of the execution stage,
work is completed and cost accumulation decelerates. This diagram is thus known as the
project’s S-Curve (PMI, 1996). According to Navon (1996), most mathematical models
developed to forecast construction project cash flows are based on this formulation.

Murmis (1997) developed a mathematical model to build type S curves with normal
distribution. The model applies a curve with the shape of a normal distribution of probabilities
under conditions that force the accumulated curve to pass by fixed points at 0T/0P (0% time, 0%
progress), 10T/5P, and 100T/100P. According to Murmis, the term progress is used in its most
general definition, and his model is generic and can be used for physical progress, economic
progress, requests for payment, etc. In addition, he affirms that highway projects follow the
same type of progress S-Curve. Murmis’ model is further illustrated in Appendix E. This model
is also very flexible, and it lends itself very well for spreadsheet programming. Consequently,
this model was used to describe the cash flows for the project design and construction stages in
the FEMTH computer model.

In Murmis’ model, project time and progress (total schedule duration and expenditures in
this case) are recorded as percentages of their totals. Accordingly, 100% of time corresponds to
total schedule duration, and 100% progress corresponds to total project cost. For each
percentage point of schedule duration there is a corresponding percentage point of project
expenditures with the fixed points cited in the previous paragraph for a total of 100 points. The
model was then built into the FEMTH spreadsheet template and used to estimate the amount and
timing of project expenditures. The Expenditures vs. Time S-Curve yielded by this model is
depicted in Figure 6.10 below.

Project Expenditures vs. Time "S" Curve
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Fig. 6.10  The Expenditures vs. Time Project S-Curve (Murmis, 1997)
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At this point, the methodology used in the FEMTH to generate the cash flows of the
design and execution stages is better explained with an example. Let us take the hypothetical
project used to illustrate the input screen, which is expected to cost U.S.$200 million, and to be
completed in fourteen months, including design and construction. First, the FEMTH tabulates
cells for the number of months specified. In order to determine the expenditures for month 1, the
computer calculates the percentage of project schedule progress (1/14 = 7.14 percent). Then, the
lower and upper integers for this number (7 percent and 8 percent) are found in the S-Curve
model and their corresponding expenditure percentages retrieved (3.24 percent and 3.80 percent).
These percentages are then interpolated to find the value corresponding to 7.14 percent, which is
3.32 percent.

The cumulative expenditure until that period is then determined multiplying the total
project cost by the percentage of expenditure progress, U.S.$200,000,000 times 3.32 percent, for
a total of U.S.$6,640,000. The monthly expenditure for that period is obtained by subtracting the
previous month total cumulative expenses from the current calculation. Because this is the first
month, both numbers are equal. The same procedure is carried out for each month. The
resulting monthly schedule of project expenditures is shown in Table 6.5 below.

Table 6.5  Monthly Schedule of Expenditures for Project Execution

MONTHLY SCHEDULE OF PROJECT EXPENDITURES
(Thousand U.S. dollars)

MONTH 1 2 3 4 5 6
% SCHEDULE TIME 7.14% 14.29% 21.43% 28.57% 35.71% 42.86%)
% TOTAL EXPENDITURES 3.32% 7.93% 13.99% 21.51% 30.35% 40.19%

MONTHLY EXPENDITURE | $ 6,640  $ 9229 (% 12106($ 15040|$% 17,691($ 19,669

CUMULATIVE $ 6640($ 15869(% 27974||$ 43014|$ 60,706 |$ 80,374
7 8 9 10 1" 12 13 14
50.00% 57.14% 64.29% 71.43% 78.57% 85.71% 92.86% 100.00%
50.54% 60.86% 70.58% 79.25% 86.58% 92.42% 96.84% 100.00%

$ 20706|% 20643 (9% 19440 $ 17,346 (% 14643($ 11697 |$ 8,837 (% 6,314
$ 101,080 |$ 121,723($ 141,163|$ 158509 |$ 173,151 |$ 184,849 $ 193,686 |$ 200,000

The fact that the S-Curve approach is based upon percentages makes it very suitable for
use in a generic model such as the FEMTH. It gives the model the flexibility of calculating data
for any project, since there is no need to modify the structure for each case, and there are no
constraints in terms of cost and schedule as long as the parameters are reasonable and realistic.
This flexibility also becomes very useful in the risk analysis stage, when the parameters for a
single project are varied a number of times, and it would become impractical to modify the
structure of the model for each iteration.

Finally, the monthly expenditures are summarized into quarters in the quarterly schedule
of expenditures for project execution and maintenance, which calculates the quarterly
expenditure amounts for this concept.
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As discussed earlier in this chapter, annual maintenance expenditures are calculated as a
percentage of the cost of conventional construction. The model is programmed to start assigning
quarterly maintenance costs once the operations stage has started, that is, once project execution
has been completed and until the end of the concession period. Table 6.6 below illustrates the
quarterly schedule of expenditures for project execution and maintenance section for the first
eleven quarters of the example project life, which assumes an annual maintenance cost equal to
3.67 percent of conventional construction initial cost.

Table 6.6  Schedule of Expenditures for Project Execution and Maintenance

SCHEDIULE OF EXPENDITURES FOR PROJECT EXECUTION AND MAINTENANCE
(Thousand LS. dollars)
YEAR
GgsrterLife 1 2 ] 4
ustertesr 1 2 3 4
GQUARTERLY CAPITAL EXPERNDITURES b FEA |y S2A0|F BOF39 (%5 43pE36
QUARTERLY MAIMTEMAMCE EXPEMDITURE| § - b - b - & -
1 2 3 4 1 2 3
5 i Fi i g 10 11
! 15151 | § - ! - ¥ - ! - ! - ] -
! - ¥ 1506 | 1806 | % 1506 % 1006 | % 1006 | % 1506

In this case, the project execution stage occurs during the first five quarters of the
concession period. The quarterly maintenance cost is then equal to U.S.$164.3 million times
0.92 percent (3.67% divided by 4), U.S.$1.5 million per quarter. Thus, maintenance
expenditures begin in quarter 3 and continue throughout the life of the concession.

Cash flows in the FEMTH are organized in years of the concession life or “N” (years I,
2, 3, ... N-1I, N), then subdivided into quarters, which are first enumerated relative to the
concession life or “n” (quarters 1, 2, 3, . . . n-1, n) where n = N*4. Quarters are also numbered
relative to their particular year (e.g. quarters 1, 2, 3, and 4 of year 2). This convention is used to
develop all the project cash flows throughout the model.

Toll Income and Capital Investment

In this section the model calculates the quarterly total capital expenditures and total gross
income of the facility, including both categories discussed earlier: tolls and other sources.

The subsection labeled traffic volume calculates the total number of vehicles of each
class that use the facility during each quarter. The initial ADT from the input screen is assigned
to time zero, at the beginning of the first quarter of the analysis. The ADT for the end of each
quarter is obtained by compounding the initial ADT by the quarterly growth rate (annual rate
divided by 4). To obtain the total traffic volume at the end of each quarter, the ADT is then
multiplied by 90 days, and the volume for each category is simply obtained from the ADT
distribution.
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In the subsection labeled gross income the model serves to calculate the facility’s
quarterly total gross income, assuming that revenues do not start until the project execution
phase has finished and the highway initiates operations. Total gross income is the sum of total
toll income plus total income from other sources. Total toll income is obtained by multiplying
the total volume of traffic from each quarter times an average toll per vehicle. This number is
calculated based upon the relative weight of each vehicle type in the ADT distribution and its
particular toll fare as follows:

Tovg=2%A T4+ %B Tp + %C Tc (6-1)

where T,,, is the average toll per vehicle, %4, %B, and %C, are the share of each vehicle
category in the ADT distribution, and 74 Tp T are the tolls for each category.

Finally, the subsection labeled capital expenditures calculates the total quarterly capital
expenditures or hard costs of the project. It consists of the expenditures for project execution
plus the cost of the right of way. The purchase of the right of way is assumed to occur in the first
quarter, since it must be secured as soon as possible in order to continue with the project.
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Toll Income and Capital Investment

Table 6.7
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Funds Flow Analysis

The purpose of this section is to calculate the quarterly amount of funds to be borrowed,
the outstanding debt, the amount of interest charged, and the funds available for principal
repayment. Table 6.8 below illustrates the logic followed to arrive at these figures. In general
terms the process consists of determining the difference between the actual revenues and
expenses of the project on each quarter. This amount are the funds outside the road’s own
operating activities actually needed to carry out the project on that specific quarter (fotal funds
required), and which must be financed through equity, debt, or the project’s working capital
reserve. Based upon this figure and the financial information input by the user, the program
calculates the rest of the data.

First, the total revenues per quarter are calculated. Total revenues for each quarter
basically consist of the gross income calculated in the toll income and capital investment section,
which is affected by its corresponding VAT, plus the VAT? paid in the previous quarter for
intermediate goods and services consumed by the project. These intermediate goods and
services include all capital expenditures for project execution, supervision, and all of the
operation stage expenses, as well as interest and origination fees if applicable. Thus, in quarter
1, there are no revenues, and in quarter 2 the only revenue is the VAT paid in quarter 1 for
project execution and supervision. It is not until quarter 6 that revenues include gross income
plus the previously paid VAT.

Next, the total expenses per quarter are calculated. Total expenses consist of all the
intermediate goods and services, including interest and origination fees, affected by their
corresponding VAT (where applicable), the VAT received from tolls, and other taxes payable.
The VAT received from tolls is considered an expense that is later offset by the VAT paid on
goods and services, as discussed earlier. The interest charge expense is calculated from the
quarterly interest rate and the project’s outstanding debt. The difference between revenues and
expenses represents the quarterly cash deficit or surplus to the project resulting from its own
existence and its operations.

During the execution phase and in some cases during the first quarters of the operations
stage, the project is likely to experience cash deficits, but as traffic starts to build up and
revenues grow, the project will experience surpluses. These cash deficits are covered through
equity and debt capital. The quarterly equity contribution is calculated as the specified equity
share percentage of the total capital expenditures for the same quarter. The remaining deficit,
which includes capitalized interest, is then covered through debt capital. Besides, since taxes
(other than the VAT and fees levied on tolls) are calculated and assumed to be paid yearly, the
project is also very likely to experience a cash deficit from operations on the fourth quarter of
each year. These deficits are handled in a different manner, as explained in the next paragraph.

Cash surpluses, on the other hand, are assumed to be entirely used to repay outstanding
debt until it has been liquidated. Once debt has been repaid, cash surpluses represent a return on
equity. In order to cover for future cash deficits, such as end of year deficits, the model creates a
working capital fund with funds from the quarterly surpluses. From the quarterly cash surplus
the model subtracts a percentage that goes into the working capital fund, while the rest becomes
the line available to stockholders. At the end of the concession period specified by the user, the
remaining working capital fund becomes available to the project’s stockholders. The percentage
of the quarterly surplus that is allocated as working capital was determined arbitrarily using a

2 The concessionaire is allowed to deduct the taxes paid on intermediate purchases from the taxes collected from its
operating activities in determining its tax liability. For a discussion on administration of the VAT see (Hyman,
1993).
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proxy to the income tax payable. The yearly income tax is prorated into the first three quarters
of the year. Thus, the percentage subtracted quarterly from the surplus is equal to 75 percent of
the income tax rate.

In the subsection labeled “fotal capital needs” the model calculates the amount of funds
to be borrowed, the origination fees, and the outstanding debt as follows. Quarterly cash deficits
are the fotal funds required for that specific quarter and the quarterly equity contribution is
calculated as discussed earlier. The difference between these two is the capital that needs to be
borrowed and the origination fee is estimated as a percentage of this amount. Cash surpluses are
the funds available before principal repayment.

Outstanding debt is the cumulative amount borrowed less cash surpluses and interest
charges are calculated as a percentage of this amount. The arithmetic these procedures are better
illustrated in Table 6.8 below, which depicts the first 8 quarters of operation of the hypothetical
example. The computer model is programmed to follow all the logic explained here, in such a
way that the user does not need to change its structure.
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Funds Flow Analysis

Table 6.8
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Income Statement

This section of the model essentially prepares a pro-forma income statement and its
purpose is to estimate the project’s yearly tax liability and from this figure calculate its net
operating profit/loss after taxes. This section is divided into three parts, production and
operation activities, financial activities, and taxes.

The first part, production and operation activities, includes all the activities related to the
operation of the concession and calculates the figure for the project’s net operating income
(NOI), that is, gross income minus operating expenses. The depreciation expense for tax
purposes is calculated following the straight-line method and supervision during the project
execution stage and the government fees on tolls, if existing, are also considered operation
expenses.

In the second part, financial activities, interest expenses, and debt origination fees are
subtracted from the NOI, yielding the figures for the quarterly net profit/loss before taxes and the
yearly taxable profit/loss. The model calculates the yearly taxable profits/losses by adding the
quarterly figures, keeping track of the cumulative losses, and taking into account the loss
carryforward provisions for tax purposes discussed earlier.

Finally, the third part of the income statement calculates the project’s yearly income tax
and profit sharing liabilities, and yields the quarterly net profit/loss after taxes. Taxes are then
assessed on the last quarter of each year, and based upon the yearly taxable profit/loss. The
model estimates the presumptive income tax or tax on fixed assets, only on those years with no
taxable profit and considering a grace period in the initial years as explained earlier. Since the
VAT liability was already taken into account in the funds flow analysis section, the flows
calculated in this section do not include VAT payments.

The quarterly net profit/loss after taxes is calculated by subtracting the yearly tax liability
from the quarterly net profit/loss after taxes. As taxes are assessed yearly, the figures for net
profit/loss for the first three-quarters of each year are the same before and after taxes. This
section is illustrated in Table 6.9 below for the first eight quarters of the analysis. Again, all the
logic explained here is embedded in the model.
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Income Statement

Table 6.9
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Analysis of Net Cash Flows after Taxes

This final section of the spreadsheet structure serves to calculate the final input to the
objective function of the FEMTH. The analysis of cash flows looks at the project from two
different perspectives. The first looks at the total flows of the project or the return on total
capital invested, and the second looks only at the flows to the equity holders, that is, to the return
on equity capital invested.

The analysis of cash flows calculates the quarterly net cash flows of the project by adding
(subtracting) the quarterly figures for capital expenditures plus the net income (loss), and finally
adding the corresponding depreciation amount from the income statement section. Depreciation
is not an actual cash flow, but it is referred to as an expense, to offset income tax liability in the
income statement.

Likewise, the quarterly net cash flows to equity are calculated by adding (subtracting) the
quarterly equity contribution to capital expenditures plus the amount available to stockholders,
both found in the funds flow analysis section.

Finally, using the integrated financial functions of the spreadsheet, the model discounts
both series of cash flows over the concession period specified to obtain the model’s objective
function or project profitability measures, the NPV and the IRR. The values for the NPV and the
IRR are calculated in terms of both, the overall project investment (return on investment) and the
equity capital investment (return on equity). When the NPV and IRR figures for the return on
equity are higher than those for the return on total investment are, the equity capital is said to be
positively “leveraged” with the funds borrowed.
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Analysis of Cash Flows after Taxes

Table 6.10
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Cumulative Cash Flow Profile and Analysis Results Screen

The last component of the spreadsheet model is the screen that displays the results of the
financial analysis and plots the cumulative profile of the project’s cash flows. The screen is
designed to provide the user with an easy to interpret graphical and numerical snapshot of the
project analyses.

The results presented in this screen include both the NPV and the IRR analyses for the
two cash flow profiles being analyzed, the project cash flows, and the equity cash flows. The
information displayed in this screen also includes part of the information entered by the user in
the input screen, the initial ADT, traffic growth rate and interest rate, the expected duration of
the project execution schedule and the discount rate used for the NPV analysis.

Figure 6.11 below provides a full size view of the result screen for the example that has
been discussed throughout this chapter. The plot for the cumulative cash flow profile graphs the
cumulative cash flows against time over the concession life for both the project, denoted by the
thicker line and for the equity capital invested.

There are three sections of interest in this plot, which are also illustrated in detail in
Figure 6.17 below. Section I comprises the whole execution phase. At the end of this phase, the
cumulative cash flow lines reach their lowest point. The execution phase is characterized by the
cumulative negative cash flows that result from the project disbursements and the capitalized
interest on borrowed funds.
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Fig. 6.11  FEMTH Results Screen

Section II encompasses from the beginning of operations, when revenues start to build
up, until the cash flow lines reach the point where the cumulative cash flow is zero. In this
section the equity cash flow line remains flat, since the all the available surplus funds are used to
repay debt. On the other hand, the project cash flow line goes upward until it merges back with
the equity cash flow line. At this point, outstanding debt has been paid off, and the two lines
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follow the trend upward until they reach the horizontal axis, when the whole capital invested is
“recovered” in nominal terms. Section III comprises from this point until the end of the
concession period. In Figure 6.12 the equity flows line and the project flows line start diverging
at the beginning of the section and merge back abruptly at the end of the section. The gap
between the two lines represents the cumulative cash flow fund mentioned earlier, which is
available to the stockholders in a single payment at the end of the concession period.
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Fig. 6.12  The FEMTH Results Screen (Detail)

Implementation of Risk Analysis in the FEMTH

The last task in the development of the FEMTH is the incorporation of Monte Carlo
simulation into the computer model to perform risk analysis and obtain the project risk profile of
the model’s profitability measures. This section represents the essence of this research. At this
point, the computer model has only automated the regular project evaluation process and theory
discussed in Chapter 4. Traditional sensitivity analyses can be already executed easily with the
model in its present condition. Many organizations carry out project financial evaluation
endeavors with similar spreadsheet models (Cervantes & Rubio, 1992), which use single point
estimates of the model’s variables to predict a single result, or at the most perform traditional
sensitivity analyses. Thus, outside the automation routines for the calculation parameters that
were programmed into the computer model, the FEMTH at this point is just a set of
mathematical equations that, for given values of certain inputs, enables the user to determine the
value of the desired outputs.

However, the aim of this report is to incorporate into the FEMTH the concept of project
risk analysis using the simulation approach, as discussed in Chapter 5. The integration of this
feature into the FEMTH provides the decision-maker with a more effective tool for project
evaluation, which broadens his/her perspective from a fixed set of assumptions to a more
comprehensive view of the potential outcomes. This is the most important contribution of this
research, a comprehensive risk analysis model for toll road project investments.

The simulation approach to risk analysis was already discussed in Chapter 5. It was
defined as a process consisting of five steps. The first step, modeling the problem, was already
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carried out in the previous sections. The second and third steps, identifying the major risk
factors and characterizing uncertainty are accomplished in this section, leaving the model ready
for the last two steps, run the simulation and then produce the risk profile and analyze the
results.

Risk Analysis and Simulation using @RISK

Although spreadsheet programs in general can be used to perform simulations for several
common probability distributions, this approach has severe disadvantages. Remember the
sampling process from Chapter 5. Once the desired sample values are obtained, the results need
to be stored and when this process is finished, the results must be plotted and statistically
analyzed. Despite the analytical and graphics power of modern spreadsheet programs,
performing simulation for a complex model like the FEMTH in Excel may turn cumbersome.

Hence, in order to incorporate simulation capabilities into the computer FEMTH, and to
characterize the uncertainty on its variables, the spreadsheet model was complemented with a
powerful Monte Carlo simulation software package called @RISK (Palisade, 1996). Since
@RISK is a spreadsheet add-in, it links directly to Excel to add Monte Carlo simulation
capabilities, thereby providing the user the full functionality of the spreadsheet.

The following are some of the most important features of @RISK (version for Microsoft

Excel) (Palisade, 1996):

1. The user can define the values of uncertain variables in the model as probability distributions
using @RISK functions. For example, entering

= RiskNormal(14,2)
as the value of project schedule duration will generate an observation from a normal random
variable with mean of 14 months and standard deviation of 2 months. @RISK contains more
than thirty different probability distribution functions, which can be added to any number of
variables and formulas. Since these functions are only invoked during the simulation
process, during normal Excel operations the variables show a single value, allowing the user
to work with the spreadsheet as usual.

2. @RISK allows choosing any variables in the model as output variables and specifying the

number of iterations in each simulation as well as the number of simulations to be run.

Variables with dependency relationships in the model can be linked.

4. @RISK keeps statistics for the chosen variables and produces high-resolution graphics to
present the output distributions resulting from the simulations, such as histograms and
cumulative distribution curves.

5. @RISK also has sensitivity and scenario analyses capabilities. The program collects
simulation data iteration by iteration for both input and output variables. After completing
the simulation process based upon this set of data the program performs sensitivity analysis
identifying those inputs, which are significant in determining the value of the output variable.
The program also performs a scenario analysis, which identifies combinations of input values
that lead to output target values.

6. Allows the animation of sampling and recalculation of the spreadsheet, assisting in the
visualization of the simulation process.

7. Finally, the sampling techniques and language used by @RISK provide the fastest possible
simulations, reducing the processing time required, which was one of the drawbacks
mentioned Chapter 5.

98]
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Therefore, by incorporating @RISK to the FEMTH the second step in the simulation
approach to risk analysis, identifying the major risk factors, is accomplished. The next natural
step in the development of the FEMTH then, is to characterize the uncertainty for the model’s
input variables.

Characterizing Uncertainty

There are 37 input variables in the FEMTH’s input screen. These variables are the basic
elements of the model, each one with a different degree of uncertainty. Some of these variables
are not likely to change over the analysis period, or may have a limited variability, such as the
financial structure, the concession period, etc. Other variables are stochastic or uncertain, as
their value will change over the life of the project, such as interest rates, traffic growth rate,
operation costs, etc. Thus based upon their particular characteristics, the variables were
classified as non-stochastic (or quasi-fixed) and stochastic variables.

This section attempts to identify and suggest probability distribution functions (PDF’s)
that best describe the nature of the uncertainty of the stochastic variables, based upon the
assumptions and theory discussed in this report. Thus, the PDF’s suggested here should only
serve as a guide to the user, who is encouraged to adapt the knowledge presented here to his/her
individual preferences and experience. This is what analysis of decisions under uncertainty is all
about.

In the case of variables for which historical or empirical data was available, their PDF
was modeled with help of the @RISK companion software packages, BestFit® and RiskView®.
BestFit is a program that fits existing data to its best-fit probability distribution. The program
tests the data and fits it against 28 different widely known PDEF’s, providing the user with the
function characteristics and statistical parameters, ready for use with @RISK. On the other
hand, RiskView helps on the selection of a distribution function by previewing different PDF’s
and parameters before introducing them to @RISK. RiskView also includes a tool that extracts
data points from a PDF drawn by the user, and then finds a distribution that is the best fit to that
curve.

Non-Stochastic Variables

From the 37 initial variables of the model, 23 were classified as non-stochastic or with
limited variability. Certainly, the degree of uncertainty of a variable increases the further out in
time it affects the project. Some of the variables assumed and listed here as non-stochastic are
established or negotiated early in the project. The existence of guarantees, as discussed earlier,
also reduces the uncertainty associated with certain variables.

1. Traffic and tolls section. In the case study form, all the corridor or existing free road data can
be determined with certain accuracy. Travel time is known. The total traffic and its vehicle
distribution should be readily available or can be determined from actual traffic counts. The
toll route approximate length and travel time should be known in advance, and the toll prices
are also fixed by the concessionaire. Based upon the toll-traffic model, Orozco’s study
(1997) also determined optimum tolls® for each category that maximize overall facility
income for the Mexican case study. However, in the FEMTH, the user fixes these variables

3 The tolls suggested are at US$0.10/km for passenger cars, and US$0.17/km for trucks. The study concluded that
the behavior of buses is almost inelastic and demand practically does not change with toll price.
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at will, since tolls are assumed either as set by the government or as an award criterion.
Finally, the user also sets the length of the concession period, which is considered fixed once
the project has been undertaken.

In the generic form, the non-stochastic variables considered are the toll prices and the
concession period.

2. Design and construction section. In this section, the costs of design and supervision are
considered as being reasonably certain or yet their variations subject to the power of
negotiation of the concessionaire. These variables are established early in the project and
have predictable market values, which are not likely to vary once the project has started.

3. Financial data section. In this section, the capital structure is considered as a fixed value or

a variable substantially under the control of the concessionaire. This value is not likely to
change considerably once the project has been undertaken. The debt origination fee is also
considered as a relatively certain value since it is a market variable, which is negotiated early
in the project.
Expected interest rates prevailing during the quarter prior to the analysis can be determined
with fair accuracy based upon current market conditions. The user then sets the initial real
interest rate, which is the expected rate negotiated for the project’s debt at the level effective
during the quarter prior to the analysis. The reference rate (e.g. prime rate, LIBOR, etc.)
prevailing in the market during the same quarter is also set by the user, and its long-term
average (or its mode) can be determined from historical data. Subsequent quarterly interest
rates are considered stochastic variables, and their treatment is discussed below.

4. Fiscal data section. All the variables in the fiscal data section, taxes, and depreciation
policies are considered as non-stochastic in the FEMTH. Being toll road projects
public/private partnerships of major importance, these variables are assumed to remain
relatively fixed throughout the concession period, since changes on tax policies that may
adversely affect the project would be subject to negotiation, compensation, or guarantee
coverage. Any attempt to model uncertainty on tax policies would be futile, since changes in
tax policy are a type of non-stochastic political risk, which is probably impossible to model
mathematically.

Initial ADT and ADT Distribution

As discussed earlier, in its case study version the FEMTH calculates the project’s initial
ADT and its distribution from the toll-traffic mathematical model. This model basically
determines the percentage of the total traffic in the corridor that will divert to the toll facility as a
function of the toll price. Based upon the difference in total travel time between the existing
road and the new toll road, and the toll price per km for each vehicle category, the toll-traffic
demand model computes the percentage of total traffic that will divert to the toll road for each
category (%ADTp). Next, given the total ADT on the corridor and its distribution, the FEMTH
calculates the ADT for each vehicle category and aggregates it to determine the total ADT and
ADT distribution on the new toll road. Figure 6.13 illustrates the interaction between the
FEMTH and the toll-traffic demand model to obtain the initial ADT and ADT distribution.
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Fig. 6.13  Interaction of the FEMTH and the Toll-Traffic Demand Model

Thus, the uncertainty regarding the expected total ADT and its vehicle category
distribution is introduced by the accuracy of the toll-traffic model itself. Using data from
eighteen cases in the Mexican toll road network, the actual %4DTp was compared to the values
predicted by the toll-traffic demand model for each vehicle category. The average change
between the actual and the predicted %ADT) was about —12 percent for passenger cars. In other
words, the percentage of cars actually diverted to the toll road was on average 13 percent lower
that the predicted value. The average percentage change in %ADT) for buses was about —5
percent and for trucks was +14 percent.

As the range of variation in the values of each category was very wide, the data was
further analyzed to characterize its uncertainty. Using BestFit software, the data for each
category was tested and fit to the theoretical PDF that best described their behavior. Figures
6.14, 6.15 and 6.16 below illustrate the actual PDF’s for the percentage change between the
actual and the predicted %ADT) for cars, buses, and trucks and their theoretical PDF. The data
used in the analysis and the detailed statistics are included in Appendix F.
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Fig. 6.14  PDF for Percentage Change Actual/Predicted Car %ADTp
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Fig. 6.16  PDF for Percentage Change Actual/Predicted Truck %ADTp

The analysis with BestFit concluded that the uncertainty associated with the percentage
change between the actual and the predicted car %ADT) is best characterized as a normal PDF
with a mean of —12 percent and a standard deviation of 15 percent. The percentage change for
the predicted bus %ADTp is also characterized by a normal PDF with a mean of —5 percent,
which is closer to zero than the change for cars, but with a larger standard deviation of 25
percent that indicates greater uncertainty. Finally, the percentage change for the predicted truck
%ADTp was found to best fit a PDF of the type Weibull with parameters a = 1.04 and = 1.02,
and —83 percent. Other statistics obtained for this distribution are a mean of 17 percent (3 points
above the input data) and a standard deviation of 96 percent (3 points below the input data),
which give an idea of its variability.

Once the uncertainties have been characterized, they can be incorporated into the
FEMTH as @RISK functions. Thus, the function that would characterize the predicted %ADTp
in the simulation process would be the %ADT) calculated using the toll-traffic demand model
affected by its expected percentage change. Thus the @RISK functions that characterize the
uncertainty associated with the %4 DT}, for each category are the following:

%ADTp) = %ADTpy [1 + (1+RiskNormal(-0.12,0.15))] (6-2)
%ADTpm) = %ADTpm) [1 + (1+RiskNormal(-0.05,0.25))] (6-3)
%ADTpc) = %ADTpc) [1+(RiskWeibull(1.04, 1.02)-0.83))] (6-4)
where %ADT, D(A)*, %ADT, D(B)* and %ADT, D(C)* are the new %ADT) for cars, buses, and trucks

respectively, characterized by their particular uncertainty, and %ADTpu), %ADTpp) and
%ADTp ) are the original %ADT)p calculated with the toll-traffic model.
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By modeling these three variables, the FEMTH reflects the uncertainty about the total
expected ADT, and its composition for the new toll road when the case study input form is used.

On the other hand, if the generic input form is used, the uncertainty about these variables
has to be considered in a more general form, resulting in a more incomplete or inaccurate risk
analysis. In this case the uncertainty can be characterized using any of the two common types of
PDF used for rough modeling when there is no data available: the triangular and the Beta
distributions. These PDF’s and their use is illustrated in the next few paragraphs, as they are
used to characterize other variables in the FEMTH. Both PDF’s can be used to directly model
the total ADT and the ADT distribution in their respective spreadsheet cells. However, using the
generic form also has the inconvenience that the share of one of the vehicle categories in the
ADT distribution must be fixed in order to vary the other two without exceeding 100 percent. A
suggestion is to fix the value of category that has the smaller share of the expected ADT in order
to minimize the impact of the lack of variation, which is usually the bus category.

Traffic Growth Rate

Determining the traffic growth rate on a new toll road is a very difficult task. Complex
macroeconomic variables such as the growth on the economy (i.e. real GDP) and the real price to
the user of fuel are some of the most important influences on traffic growth rates in the highway
network of a country in general (MacPherson, 1993). Forecasting future levels of traffic on free
roads is still a very controversial subject, which makes the forecasting of traffic growth in toll
roads even more difficult and uncertain, since the introduction of tolls further complicates the
economic equation that determines this growth.

A case in point is the Mexican toll highway program. The Ministry of Transportation
(SCT) initially specified an annual traffic growth rate of 4 percent in average for all the highways
in the program (SCT, 1996). However, this rate has not been attained yet and in some cases the
traffic levels fell dramatically in certain periods (Mexican Association of Concessioned
Infrastructure [AMICO], 1996). This 4 percent number was very close to the real average
growth of the Mexican GDP for the last 30 years, which is at around 5 percent (BDINEG]I,
1998].

Risk analysis literature suggests the use of the uniform distribution for this type of
variables. Pouliquen in 1970 used the uniform distribution for traffic growth rates in several
highway projects in Africa. Jones in 1991 also proposed the use of the uniform distribution to
determine the growth of demand on power investment projects. Electricity charges and tolls are
both user charges, since users of the service are identifiable and excludable from the service for
non-payment. Therefore, the uniform distribution PDF was deemed to be suitable to characterize
the traffic growth rate.

The only information needed to develop a uniform PDF is its finite range, which is input
by the user in the FEMTH. Based upon the previous discussion, the parameters suggested for the
uniform PDF used to characterize the traffic growth rate would be a lower bound of zero, and an
upper bound equivalent to the average growth of the GDP, which in the case of Mexico would be
of 5 percent. Figure 6.17 illustrates a uniform PDF with these parameters.
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Fig. 6.17  Uniform PDF for Traffic Growth Rate

In a uniform PDF any value within the range has the same probability of occurrence. In
the FEMTH, the annual traffic growth rate is assumed to fall between the parameters specified
by the user (0 and 5 percent in this case), but year-to-year changes in growth are limited to 2
percent. That is, if year n growth is 1 percent, year n + 1 growth is constrained to be greater than
zero percent and less than 3 percent. Thus the @RISK functions that characterize the uncertainty
associated with traffic growth rates are as follows:

G] = Rl'SkUl’ll'fOI"m(GLB, GUB) (6—5)

Gz, G3, Gn = RZ.SkUI’ll'fOI"m(IF(Gn-I—0.02) < GLB, GLB, G n-1 -0.02),
IF(G,.1+0.02 > Gup, Gus, G,.;+0.02)) (6-6)

where G is traffic growth in year 1, G, is traffic growth in year n, G and Gy are the lower and
upper boundaries for the uniform distribution. As the FEMTH performs the analysis on a
quarterly basis, this results in only the annual traffic growth rate for the first quarter of the
analysis being sampled from the entire range. Growth rates for subsequent quarters still can take
any value within the initial range, but the change is constrained to be within a +/- 0.5 percent
from quarter to quarter (2 percent divided by 4).

Roadway and Special Structures Construction Cost

Project cost estimates are refined as the design process advances, and the anticipated
range of costs tends to narrow through this process. These estimates can be arranged to estimate
the risk of cost overruns. Thus, cost overruns are directly proportional to the stage at which the
design of the facility is at the point of the estimate. At the feasibility stage, however, these
estimates are purely conceptual and their range of variation can be very wide
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The FEMTH requires the user to divide total project cost into conventional roadway and
special structures considering that cost overruns and scheduling delays on complex bridges and
tunnels can increase substantially the overall facility cost. On the other hand, cost overruns on
conventional roadway construction are less of a problem, since the technology and construction
techniques are well understood. In other words, the variability of each category is very different
and should be considered separately.

Being the total construction cost the product of a number of different cost elements,
according to the Central Limit Theorem of statistics, the PDF that could best characterize its
uncertainty would be a normal distribution. However, the use of the normal PDF is not
recommended to express subjective judgements unless an exceptional amount of data is available
to perform a statistical analysis (Pouliquen, 1970). There are several types of PDF that can be
used to express subjective judgement when the factor modeled has a finite range of possible
values and its mode is known, such as the Beta, PERT and triangular distributions. The first two
produce a smooth probability function, as opposed to the triangular. However, the use of the
triangular distribution is recommended by Jones to characterize construction cost uncertainty.

A triangular distribution is defined by three points: the minimum, the maximum, and the
most likely. Figure 6.18 below illustrates a sample triangular PDF with a minimum of U.S.$200
million, a most likely of U.S.$210 million, and a maximum of U.S.$230 million.

PDF for Roadway Construction Cost

= Triangular (200, 210, 230)

Probability

$200 $205 $210 $215 $220 $225 $230
Construction Cost (U.S.$ Millions)

Fig. 6.18  Sample Triangular PDF for Construction Cost

An example of the @RISK functions that would characterize the uncertainty associated with the
construction cost of a roadway and special structures would be as follows:

Cr = RiskTriang(200, 210, 230) Roadway cost (U.S.8 millions) (6-7)

Cs = RiskTriang(90, 120, 130) Tunnel cost (U.S.8 millions) (6-8)

These functions illustrate the difference in variability between the two categories
discussed earlier. The variability in the roadway construction cost is lower than in the tunnel
cost. By disaggregating these important cost elements a higher variation in the cost of special
structures does not penalize the roadway cost with a higher total cost variability.
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Project Schedule

Schedule and costs estimates go hand in hand. The accuracy of the project schedule
predicted depends largely upon the stage of project design at which it is developed. Almost the
same factors that affect construction cost affect the project schedule. Generally schedule delays
result in cost increases too.

Simulation and risk analysis literature in general use a Beta PDF to characterize the
uncertainty associated with individual construction activity duration. Since the total project
schedule is comprised of a large number of activities, again the Central Limit Theorem would
suggest a normal distribution for characterizing the uncertainty associated with overall project
duration. However, at the feasibility stage, the development of a detailed activity schedule is
very unlikely, and unless enough statistical data is available, the normal distribution should be
avoided. Thus, the use of a Beta-PERT* distribution to characterize the uncertainty associated
with project schedule duration may be appropriate.

A Beta-PERT distribution is generally used for modeling approximate activity time in a
PERT network and other random variables that are non-symmetric (Winston, 1996). Although it
is also defined by the same three parameters as the triangular distribution, a minimum, a
maximum, and a most likely (mode), a Beta-PERT PDF yields a smooth curve. These
characteristics make it an easy to work with PDF. Figure 6.18 below depicts a Beta-PERT PDF
for a hypothetical project schedule, with a minimum duration of 14 months, a maximum of 22
and a mode of 16 months and compares it with a triangular PDF with the same parameters.
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Fig. 6.19  Beta-PERT PDF for Construction Cost

The @RISK functions that would characterize the Beta-PERT distribution in the FEMTH
for this example would be:

4 Program Evaluation and Review Technique for project scheduling
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Sp = RiskPERT(14, 16, 22) (6-9)

where Sp is total project schedule duration in months. During the simulation process, the
FEMTH samples values from this PDF, determines the monthly disbursement pattern from these
values and then calculates the quarterly amounts as described in the project schedule section.

Toll Collection Costs

As discussed earlier, toll collection costs for the most part depend on the type of
technology used and the rate of its use. At the feasibility stage the choice of technology has not
probably been specified, and in most of the cases the actual system used will be a combination of
the three main types, manual, semi-automatic, and totally automated. The facility operation
section gives an idea of the range of these costs, with a minimum of $0.05 and a maximum of
$0.10 per transaction in 1994 U.S. dollars ($0.055 and $0.11 in 1998 dollars). Depending upon
the specified mixture of toll collection systems, a most likely cost can be chosen between these
values. Venable (1994) cited that if half of the transactions were automatic or semi-automatic,
the average cost per transaction is reduced to $0.056 ($0.06 1998 U.S. dollars).

Hence, in this case it may also be appropriate to use a triangular distribution to model toll
collection costs when the collection system has not been clearly defined and its rate of use is
unknown. Figure 6.20 depicts a triangular distribution with a minimum of $0.055, a maximum
of $0.11, and a most likely value of $0.06 U.S. dollars per transaction.
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Fig. 6.20  Triangular PDF for Toll Collection Cost
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The @RISK function that characterizes this triangular distribution in the FEMTH is:
Crc = RiskTriang(0.055, 0.06, 0.11) (6-10)

where Cr¢ is the toll collection cost per transaction in U.S. dollars. The uncertainty about the toll
collection system used and its rate of use is reflected in this triangular PDF.

M, R&R Costs

The facility operation section also introduced some concepts and estimates for annual
maintenance cost allocation. These estimates provide a reference for the range that maintenance
costs may have over the life of the facility, with a minimum of 2.5 percent of the roadway
construction cost, a maximum of 5.2 percent, and a middle value of 3.5 percent. As in the case
of construction and toll collection costs, a triangular distribution based upon these parameters
may be appropriate.

However, the type and performance of the pavement used for the roadway and of course
by the type and level of traffic in the facility introduce uncertainty about these costs. As traffic
increases over time and the level of service of the facility decreases, maintenance costs grow. It
would be unreasonable to assume that maintenance costs in year I may be at 4 percent and in
year 10 these costs may be at 2 percent or that they would be at a uniform 2.5 percent. The
logical approach would be to assume that the maintenance cost allocation increases or stays at
the same rate over time. If maintenance cost allocation in year 1 is 2.5 percent, the allocation in
year 10 and 15 must be higher, until at some point it reaches the upper bound of 5.2 percent and
stays at that level until the end of the analysis.

In order to consider this particular attribute of maintenance costs, a mathematical model
was developed to portray it in the FEMTH. This model is basically a moving average equation.
The growth of maintenance costs during a year is set at 10 percent of the difference between the
upper bound (5.2 percent) and the current maintenance cost. Assuming an initial cost (M)) in the
lower bound (2.5 percent), the model reaches a cost of 4.90 percent on year 20 (M>), for a 20-
year average of 4.05 percent. For M, in the middle value (3.5 percent), the model yields 4.99
percent M>y, with a 20-year average of 4.48 percent. Finally, for M, in the upper bound (5.2
percent), the annual cost remains unchanged over time.

To characterize the uncertainty associated with these costs in the simulation process, the
triangular distribution is used to model the first quarter costs. Subsequent costs are then obtained
based upon this value with the model discussed in the previous paragraph, instead of sampling
again from the whole initial range. Thus, if a high maintenance cost is sampled for the first
quarter, the FEMTH will not allocate a lower cost for later periods. Figure 6.21 illustrates the
maintenance cost growth model over a 30 year period and the @RISK function used in the
FEMTH to model the cost for the first quarter. The quarterly cost growth rates are obtained by
changing the discussed maintenance cost model to a quarterly basis.
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Fig. 6.21  Annual Maintenance Cost Model and PDF

Administrative Costs

General administration or overhead costs of the toll road enterprise were discussed earlier
as well. These costs are incorporated into the FEMTH as a function of the total toll collection
(operating) and maintenance costs, with an average of 22.5 percent and a range between 18 and
25 percent of the total annual operating and maintenance costs (Gittings, 1982), which already
introduces uncertainty into this variable. The triangular distribution might as well be useful to
characterize the uncertainty associated with this variable, since the three parameters are defined,
a minimum of 18 percent, a maximum of 25 percent, and a most likely of 22.5 percent. The
resulting @RISK function is:

Cgu = RiskTriang(0.18, 0.225, 0.25) (6-13)

where CGA is the overhead cost of the concessionaire as a percentage of the total toll collection
and maintenance costs in any given period.

Interest Rates

Interest rates are probably one of the most uncertain and difficult to characterize
variables. However, enough historical information is available to determine the statistical
properties of the most widely used reference interest rates, such as the prime rate and the
LIBOR>. Winston (1996) suggests the use of the Cox-Ingersoll-Ross model for modeling

5 Appendix A presents a BestFit statistical analysis on a monthly basis of the real prime rate from 1966 to 1998 and
the real LIBOR from 1983 to 1998. By eliminating a small number of negative values (17 out of 385 in the prime
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interest rates in @RISK simulation. This model is based upon Vasicek’s mean reversion model,
which models the annual growth in interest rates in such a way that interest rates revert to a given
level over time (e.g. the long term mean or the mode). Vasicek’s formula to determine the mean
growth of interest rates over a year is:

AI[ =a (I,u _In) (6-14)

where 41, is the mean change in the interest rate from year » to year n-1 (I, - I,,.;), a is a constant,
1, is the long term rate, and /, is the interest rate in year n. This formula forces the changes in
interest rates to be positive when they are lower than 7, and forces it to be negative when interest
rates are higher than /,.

However, assuming a normally distributed mean annual change in interest rates during a
Monte Carlo Simulation, Vasicek’s model can yield negative interest rates, which in theory
should be avoided. As Winston explains, the Cox-Ingersoll-Ross model uses the same formula
as Vasicek for the mean change in interest rates, but prevents negative interest rates from
occurring by setting the standard deviation as:

oum=b()" (6-15)

where 0 4, is the standard deviation of the mean change in interest rates from year n to year n-1,
b is a constant, and /, is the rate in year n (the current year). When interest rates approach 0 then
[b (1,)”] approaches 0, and the variability in interest rates diminishes, making the occurrence of
negative interest rates very improbable (Winston, 1996).

Hence, the Cox-Ingersoll-Ross model is used to model interest rates in the FEMTH. The
input screen requires the user to input the initial interest rate (/y), the initial real reference rate
(Iro) and the expected long term real reference rate (/z), which is the mean or the mode of the
rate used to quote the project’s interest rate. The difference between Iy and Iz, are the points
above or below the reference interest rate, which apply to the rate charged to the project’s debt.
This number is then added to I to determine the long-term rate or /,, which is then used by the
FEMTH in the Vasicek-Cox-Ingersoll-Ross formula. As for the constants, a and b, an example
provided by Winston uses 0.2 for a, and 0.09 for b to model 20 years of interest rates.

By linking the Cox-Ingersoll-Ross model and the FEMTH using @RISK functions,
interest rates are then modeled as follows:

User inputs: 1y, Irg, and I

[y:]R+([()_[R0); (6—16)
I, = Iy + RiskNormal(0.02 (I, — I,), 0.09 (I,)"); (6-17)
I, = 1., + RiskNormal(0.02 (I, I,.,), 0.09 (I,.,)") (6-18)

Despite the mechanism included in the standard deviation of the Cox-Ingersoll-Ross
model, occasionally it yields very small negative interest rates (close to zero), hampering the

and 20 out of 181), both rates were found to fit under a Lognormal PDF. The value of the mean for the prime rate
was of 5.18 percent and for the LIBOR was 2.82, with modes of 4.3 and 2.2 percent and standard deviations of 1.73
and 1.03 percent respectively.
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calculation process. The FEMTH corrects this problem by substituting these occurrences with
interest rates of 0.01 percent.

Discount Rate

If defining a discount rate is a hard task, characterizing its uncertainty is just as difficult.
It can be argued that given the long-term nature of toll road project investments and the fact that
the discount rate is determined based upon instruments of the same term, investors can expect
that their actual realizations (ex-post returns) will in fact, match their ex ante returns
(expectations) (Rao, 1992). According to this, once the discount rate has been established
following the logic outlined earlier in the project financing section, there is little need to vary it,
since over the long run, the ex-post returns will be very close to the ex-ante returns.

However, most financial analysis literature suggests varying the discount rate to
determine the effects of this variation in project selection. In order to characterize the
uncertainty surrounding the discount rate, its two elements, the risk-free rate and the
undiversifiable risk premium need to be modeled. These two elements together represent the
average total return on the capital markets. The Standard and Poor’s 500 (S&P 500) index is a
widely used reference for the return on the U.S. capital markets as a whole. Thus, by modeling
the historical variability of this index, a meaningful PDF for the discount rate can be developed.
Goetzmann (1998) suggests the use of a lognormal PDF as an approximation for the histogram
of annual returns on the S&P 500 (1926 to 1995). The nominal average total return on the S&P
500 index during this period was 12.45 percent (8.96 percent after inflation), with a standard
deviation of 22.28 percent. On the other hand, the nominal average returns on long term U.S.
government bonds was 5.39 percent (1.95 percent real) with a standard deviation of 8 percent
(Goetzmann, 1998).

Hence, the PDF for the discount rate used in the FEMTH would the same as the PDF for
the S&P 500 index, a lognormal distribution. The PDFs of the discount rate and its elements, the
risk-free and the undiversifiable risk premium are illustrated in Figure 6.226.

6 These functions, including the undiversifiable risk premium, were obtained by simulating the S&P 500 and the
long term U.S. Treasury Bonds with @RISK and using lognormal probability functions with the parameters cited
here. Appendix A presents more details of this analysis.
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Fig. 6.22  FEMTH Discount Rate PDF and @RISK Functions

The numbers for the risk-free rate and for the undiversifiable risk premium shown are not
exactly equal to the values mentioned earlier, due to the different time span of the analyses
(1926-1995 vs. 1966-1998). However, their total approximately coincides with the discount rate
established earlier. The resulting @RISK function for the FEMTH discount rate is illustrated in
Figure 6.21.

Right of Way and Other Income

These are the last two variables in the FEMTH for which uncertainty must be modeled.
The cost of the right of way and the income that the project may have from sources other than
the operation of the road are totally case specific. The cost of right of way depends upon the
localization of the project and the agreements set with the host government. The availability of
other income will also depend on the concession agreement and the marketing efforts of the
concessionaire. According to the preference of the user, these costs may be both modeled with a
triangular distribution. A PERT distribution might prove helpful as well if a smooth distribution
is desired.
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CHAPTER 7: THE MEXICAN
TOLLHIGHWAY NETWORK

As discussed in Chapter 1, the difficulties experienced by private investors involved in
the past Mexican toll highway program provide a good example of the dramatic impact that risk
and uncertainty can have on the success of this type of project. This chapter discusses the case
of the Mexican toll highway network, which served as a basis for this research project, providing
a brief historical overview of the Mexican toll road program from its inception to its final rescue
by the government. Also included is a summary analysis of the major factors that contributed to
the program’s financial crisis. Finally, the toll-traffic demand estimation model based upon the
Mexican toll road network developed by Orozco and introduced in Chapter 6 is discussed as a
basic element of the FEMTH, now under the light of the Mexican experience.

ECONOMIC BACKGROUND

In the mid 1980s following the 1982 recession, the Mexican government made major
changes in its economic policy aimed to restore economic growth. These changes included
deregulating prices and trade, privatizing most of its state-owned enterprises and opening the
economy to foreign competition by joining the General Agreement on Tariffs and Trade (GATT)
and the negotiations to create the North American Free Trade Agreement (NAFTA). Inflation
fell continuously, from 180 percent in 1987 to 50 percent in 1988, reaching 7.5 percent in 1994,
and GDP growth recovered from an annual average of zero over 1982-88 to about 4 percent from
1989 to mid 1991 (World Bank, 1998).

However, as one of the main elements of this strategy was the use of a predetermined
nominal exchange rate anchor, the real exchange rate appreciated by about 30 percent between
1989 and the end of 1993. As a consequence, the current account deficit grew from an average
of 3 percent of GDP in 1989-90 to 7 percent in 1992-94, and the government had to rely
increasingly in foreign capital inflows to finance the deficit (World Bank, 1998).

This large current account deficit generated investor concern about an increasing
vulnerability of the economy, which caused both a reduction in foreign capital inflows and
movement of capital abroad by residents. In addition, external and domestic events in 1994
further eroded investor confidence. The rise in interest rates by the U.S. Federal Reserve made
returns on Mexican investments relatively less attractive, and the uprising in Chiapas and
assassination of two leading political figures increased domestic uncertainties. Net foreign
capital inflows fell sharply and the Mexican government had to finance the current account
deficit with its foreign reserves, which fell dramatically too (World Bank, 1998).

Eventually, in December 22 of 1994 the Mexican government floated the peso, which
depreciated substantially, from $3.45 pesos to the dollar in December 19, to $6.2 by the end the
month, and then stabilizing at around $7.5 in early 1995. Nominal interest rates reached a high
of more than 80 percent and the annual average inflation rate reached 35 percent. The Mexican
government responded by launching an economic austerity program in March of 1995, aimed at
stabilizing the economy, restoring international confidence, and creating conditions for
sustainable economic growth. The austerity program inevitably caused a drop in economic
activity. GDP fell by 6.9 percent and domestic investment decreased more than 30 percent in
1995 (World Bank, 1998)

The adjustment to the new economic conditions has been difficult but relatively quick as
GDP grew by about 5 percent in 1996 and 6.6 percent in 1997 with most of this growth coming
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from increased exports. In addition, inflation fell to 27 percent in 1996 and 16 percent in 1997,
allowing the moderation of interest rates that reached about 30 percent in 1996 and 20 percent in
1997 (BDINEGI, 1998). According to the World Bank (1988), if Mexico continues with a
policy directed to achieve macroeconomic stability and the peso maintains its real value, the
growth in exports will continue, and imports will also increase as a result of growth recovery,
both supported by the opportunities created by NAFTA.

THE 1989-1994 TOLL HIGHWAY PROGRAM

As part of its economic restructuring program in the mid 1980s, the Mexican government
also undertook important policy measures in the highway sector. These measures included
deregulating road transport services, outsourcing an important part of highway maintenance on
the federal network, decentralizing highway administration, and encouraging private
participation in providing road infrastructure (World Bank, 1998). This policy led to a
comprehensive highway construction program involving the private sector under the BOT
scheme. The program was aimed at constructing 5,400 km of new toll expressways and eight
bridges during the years 1989-1994, for an equivalent to US$6.5 billion of private sector
investment (Roth, 1996).

Some of the factors behind this major public-private endeavor were the urgent need to
upgrade the country’s road network to accommodate current traffic needs and to help reduce
overall transport costs to Mexico’s external trade traffic, hence improving the competitiveness of
Mexican exports in international markets. Thus, the program was undertaken under the
circumstances of the favorable outlook presented by the Mexican economy. Upgrading the road
network as soon as possible seemed mandatory if advantage was to be taken from new foreign
trade opportunities. On the other hand, constrained fiscal resources and other urgent social needs
made it difficult for the government to take upon the entire endeavor by itself.

The program succeeded at putting idle road building resources to work (Roth, 1996),
acquiring a highway network in which all the important corridors have been defined
(Magallanes, Diaz & Ramirez, 1996) and creating a market for the construction and management
of private road infrastructure. However, as Roth (1996) states, “probably as a result of haste,
possibly as a result of political pressures”, fundamental flaws in the program became evident
when the facilities entered into operations and the concessionaires experienced severe problems,
which will be evident in the following sections.

Original Concession Scheme

The Mexican Ministry of Transportation and Communications (SCT) announced the toll
road program on behalf of the government in early 1989. The projects were selected by the SCT
after being screened for preliminary technical, economic, and financial feasibility (including
traffic studies). About 50 projects in the main trunk of the network were deemed feasible,
carried on to the design stage, and later announced for public bid under the concession scheme
(Cervantes & Rubio 1992).

According to the Mexican law at that time, the maximum concession period was 20
years. At the end of the concession period the road and all the facilities in the right of way
should be transferred to the SCT free of liabilities and in excellent service conditions. The SCT
committed to provide the right of way and detailed design of the project. The SCT set the toll
prices and guaranteed a minimum level of revenues by specifying a minimum ADT, ADT
distribution, and annual traffic growth rates (Arias, 1990). Shortfalls in revenues due to
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variations in the SCT traffic projections would be compensated by extension of the agreed upon
concession period.

The criteria for awarding the concessions was the following, in descending order of
importance (Zambrano, 1991):

1. Shortest concession period

2. Shortest execution period

3. Soundness of financial package

4. Experience and prestige of the bidder

Thus, in case of two tenders requiring the same number of concession years, the criterion
for award would be the shortest project execution period and if the tie persisted, it would be
resolved according to the following criterion.

The concessions were finally awarded for the most part to project companies formed by
the largest national contractors and a few more to companies formed by regional contractors.
The SCT also reached an agreement with national investment institutions to implement financing
schemes suitable to the particular characteristics of the program (Zambrano, 1991). Hence, debt
funding was mainly obtained through the Mexican banking system in peso denominated loans
and other instruments.

Assessment of Program Execution and Initial Operations

The SCT required bidders to submit detailed economic and financial feasibility analyses
for each project as part of the bidding documents. These feasibility analyses were carried out
under the assumptions of a long-term economic stability, the forthcoming trade bonanza and
consequent growth in economic activity.

Toll highway feasibility analyses from the 1990-1992 period suggested conservative
scenarios with inflation rates of 15 percent and real interest rates between 10 and 8 percent for
1993 and subsequent years (Arias, Cervantes & Rubio 1990, 1992). Reality turned out to be
sour, with inflation reaching 35 percent and real interest rates soaring to 35 percent in 1995.

With respect to the project execution stage of the program, there were also deviations
from the initial forecasts. Data from 38 projects shows an average construction cost overrun of
29 percent with a range between 22 percent under the initial estimate to 158 percent above.
Figure 7.1 displays the initial bid versus the final project cost in terms of dollars per km per lane.
The chart shows that most of the projects incurred in cost overruns. The variation is more
pronounced in those projects with a high cost per kilometer per lane, probably because of the
higher complexity of the projects. The detailed data is included in Appendix F. In addition, in
several cases the final design was not complete at the time of the estimate, leading to changes in
project scope and subsequent cost overruns (Ortega, 1996).
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Fig. 7.1

Regarding the project execution schedule, approximate project completion data available
average increase of 19 percent from the initial scheduled duration,
ranging from a project completed in less than 70 percent of the initial schedule to a project
completed in twice the initial duration. Figure 7.2 compares the initial estimates of project
actual duration for 20 projects in the toll network. The chart shows
that the data points are fairly spread out around the initial estimate, suggesting a normal variation

from 20 projects shows an

execution duration and the

Initial Estimates vs. Actual Costs for Toll Road Projects in the Mexican Network

probably due to an incomplete design, and not a general trend.

Project Schedule Duration (Bid vs. Actual)

45

0 +y----————— - ________ ® o __~__ |
M
£ Bt------"-"-- - - - - - - - -
s
s 30 | *
;0' .
8 2t S
o >
] M ®e
g 24+
8 * *
= 1+ P S
3
S 10 F----*___ ,',,g’, ,,,,,,,,,,,,,,,,,,,,,,,,,
<

5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

5 10 15 20 25 30 35 40 45

Original Schedule (Months)

Fig. 7.2 Initial Esti

By the end of 1993,

mates vs. Actual Schedule Duration for Toll Road Projects in the

Mexican Network

the SCT had awarded concessions for 4,000 km of toll highways of
which 1,500 km were already in operations. However, in most of the cases the actual traffic was
very far from the SCT traffic projections. Only 5 out of 38 highways met or exceeded the SCT
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guaranteed traffic and in the worst cases roads carried as little as 10 to 15 percent of the initial
estimates. Figure 7.3 gives further illustration to this problem.
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Fig. 7.3 Original Projections vs. Actual Initial ADT in Toll Roads

Increased construction costs and low revenue levels already posed a major difficulty for
concessionaires to meet their debt payments. The spike in interest rates of 1995 and the
economic recession added to this situation. Outstanding debt grew exponentially and overdue
payments became a major problem for the entire banking system. The financial situation of the
concessions turned unmanageable and the SCT had to intervene to avoid the bankruptcy of the
program in several occasions, as described in the next paragraphs.

Governmental Takeover

The SCT had to restructure the projects under the initial concession scheme in two
occasions in 1995 before it finally took over 23 of the most problematic cases in August of 1997
(Goémora, 1997).

The first time the agency granted funds to the concessionaires to assist them in meeting
their debt payments. The second time the law governing the concessions was amended to allow
concession periods up to 30 years, toll rates were reduced and the concession periods extended
for selected projects. Figure 7.4 shows a comparison chart between the original and the finally
restructured concession period. The majority of the projects had to increase substantially their
initial concession periods and almost half of these had to do it up to the new legal maximum of
30 years.
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However, restructuring the projects proved to be a measure that was too small and came
too late, as the increased traffic flow due to lower tolls was still insufficient for the
concessionaires to meet their obligations.

As the problem continued to grow, the concessionaires and their creditors demanded
from the government a definitive solution to the problem. Finally in August 23 of 1992 after two
years of negotiations with the concessionaires, the SCT announced the take over of 23 of the
projects in the network and further reductions in toll rates as a measure to increase traffic in these
highways.

A trust was formed to administer the highways and assume their liabilities and the
concessionaires only lost their initial equity invested in the projects. As a result of the
governmental takeover, the projects benefited from lower interest rates and longer terms for
repayment of their outstanding debt. The total liabilities assumed by the government added up to
around US$7.5 billion for only 23 projects, which gives an idea of the magnitude of the problem,
since the initial investment was of around US$6.5 billion for the entire program (Goémora, 1997).

Concession Scheme Pitfalls

The problems experienced by the initial concession scheme can be summarized and
divided into two types according to their origin. First, the problems originated by factors
inherent to the program scheme, or in terms of the discussion about discount rates, the
diversifiable risks of the program. Second, the problems originated by external factors, or
undiversifiable risks.

Hence, in broad terms, the problem factors inherent to the program were:

1. Concession award criteria based upon the shortest concession period. As a consequence
of this criterion, some concessions were awarded for periods as low as eight years, when
international experience indicates periods between 20 and 50 years.

2. Above market tolls. The shortest concession period policy implied charging the highest
authorized toll (an average of 20 US cents per km in 1994), in order to recover the
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investment and make a profit as early as possible. A study by Queiroz (1997) indicates
that nominal toll rates in Mexico are on average higher than those charged in toll roads in
several developed countries. Normalized by per capita GNP, the difference becomes
even wider, toll rates in Mexico being more than 1600 percent higher than in the U.S. and
400 percent higher than in Japan.

3. Overly optimistic ADT estimates. In most of the cases there was an excessive
overestimation of the initial ADT, which coupled with high toll prices resulted in even
lower traffic levels.

4. Incomplete Designs. Incomplete designs resulted in higher construction costs and
schedule delays.

On the other hand, regarding the external factors, the economic scenario discussed at the
beginning of the chapter had a severe impact on the initial concession program. Most of the
projects in the program were highly leveraged with an average debt ratio ranging from 0 to 100
percent and averaging 53 percent. The sharp rise in interest rates in early 1995 increased
considerably financing costs and the deep economic recession brought a decline in the already
low traffic levels from which the projects could never recover.

The Outlook

The experience achieved and the errors identified in the initial concession scheme should
serve as the basis to implement new programs in Mexico. According to the World Bank (1996),
the country has reached a point where it needs to expand its road capacity again. With a
healthier and less fragile economy the prospects for sustainable growth in the near future are
clearer. Thus, private investment in road infrastructure should not be abandoned, since it may
prove to be again an excellent solution to the highway financing issue in Mexico.

THE TOLL-TRAFFIC DEMAND ESTIMATION MODEL

The discussion about the Mexican experience made evident that one of the critical factors
in the success of a toll highway is an accurate forecast of future revenues. Future revenues
depend primarily on the vehicles using the facility and the willingness of the user to pay for the
service, two tasks that are hard to predict.

Hence, a reliable feasibility evaluation model would not be complete without a proven
methodology that allows estimating its most critical variables, traffic and the optimum toll. The
study “Analysis of input variables for a pre-feasibility evaluation model for toll highways”
(Orozco, 1997), provides the FEMTH with a methodology to determine these variables. The
study, introduced in Chapter 6, was developed based upon data from the Mexican road program
and it has proven to yield reliable results when applied to specific cases in this network.

In broad terms Orozco’s research can be divided into two main parts. First, a
mathematical model that calculates the amount of traffic in a corridor that diverts to a toll facility
based upon the toll price and the elasticity of traffic demand. Second, a function that describes
the relationship between toll price and gross toll income in a facility and helps in determining the
optimum toll or in other words, the toll that maximizes income to the facility. The following
sections present a summary of this work, which represents the link between the FEMTH and the
Mexican toll road program.
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Toll Traffic Estimation

The first assumption in the model is that the corridor where the toll road is or will be
located is already served by a free access road. The amount of traffic diverted to the toll road is
then calculated as a percentage of the total traffic going between the same origin and destination.
The traffic is then divided into three vehicle categories, cars, buses, and trucks.

The data available for the analysis corresponded to 29 origin and destination pairs, toll
and free access roads in the Mexican network. The detailed data for the Network is included in
Appendix F. The first step was to analyze the relationship between the percentage of traffic
diverted to the toll facility as a function of the advantages offered to the user by the toll road in
terms of three parameters: travel distance, travel time, and user costs. In the case of travel
distances and user costs, the cases under analysis were separated into two groups, one with free
access roads shorter than 100 km, and the other with those longer than 100 km. In the case of
travel time, the routes were separated into those with travel time shorter than one hour and those
with a longer travel time. Those toll roads that serve as urban bypasses or are mainly used by
urban traffic were excluded from the analysis, since they showed a totally different behavior.

The three parameters, travel distance, travel time, and user costs, were first individually
evaluated and then combined to create a single equation for each group and each type of vehicle
of the form:

ADTp=ax + b (7-1)
where:

ADTp = ADT diverted to the toll facility in percentage

x= travel distance, time or user cost ratio (FR/TR)

a, b= regression constants (slope and intercept, respectively)

Table 7.1 presents a summary of the resulting coefficients for each group and each
variable for the three vehicle types. The correlation coefficient R for the equations shows that
users present a better response to those routes involving trips longer than 100 km or one hour.

Table 7.1  Coefficient Summary for Traffic Parameters and Groups (Orozco, 1997)

FR <100 kmor <1 hr FR>100 km or > 1 hr

CAR BUS TRUCK CAR BUS TRUCK

TRAVEL R= 0.366 0.685 0.064 R= 0.688 0.734 0.774
DISTANCE a= 37.827 100.498 -5.701 a= 43.723 72.410 81.465
b= 6.265 -56.159 46.430 b= 6.265 -36.511 -76.426

TRAVEL = 0.371 0.382 0.269 = 0.745 0.469 0.596
TIME a= 10.096 14.717 -6.288 a= 34.516 23.758 32.245
b= 35.436 40.369 49.523 =1 -20.359 11.234 -32.029

USER R= 0.455 0.695 0.043 R= 0.560 0.789 0.848
COST a= 39.617 105.042 -3.953 a= 35.321 81.150 92.452
= 0.691 -63.664 45.035 =| -13.581 -50.114 -93.080

Next, a multi-regression analysis combining the three variables (i.e. distance, time and
cost) was performed to develop a single model for each group and each type of vehicle. The
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variables were analyzed as a toll road to free access road ratio (FR/TR). The resulting prediction
model was:

ADTD(%):K0+K]Rd+K2R,+K3RC (7-2)

where:

ADTp = Percentage of ADT diverted to toll road (for each vehicle category,
cars, buses, or trucks)

Ry R, R.= travel distance, travel time, and user cost ratios

Ky K;, K>, K3 = equation constants

Table 7.2 presents a summary of the coefficients and the correlation for the traffic
prediction model for each vehicle type.

Table 7.2 Coefficient Summary for Traffic Prediction Model (Orozco, 1997)

Coefficient Vehicle Type
Car Bus Truck
K,= 29.00 47.46 34.48
K= 28.38 37.72 23.07
K,= -25.33 -34.01 -28.89
K;= 13.01 11.97 8.59
R= 0.34 0.30 0.22

However, note that the values obtained with this prediction model represent the ADT that
can be expected when the toll charged is US$0.75 /km, which is the average toll charged in the
cases used to develop the model. These values change after being affected by the elasticity
model discussed in the following section. Both sets of results are displayed and compared to the
actual traffic data in Table 7.5.

Toll Traffic Estimation and Toll Elasticity

The sensitivity of traffic to toll price changes is an important factor in a toll traffic
prediction model. Orozco uses price-elasticity of demand concepts to determine the relationship
between the toll price and the traffic volume using the facility as a percentage of the total traffic
going between the same origin and destination pair.

Elasticity of travel demand is defined as the percent change in traffic volume resulting
from a one-percent change in a given variable, such as time or cost. Elasticity can be estimated
following the empirical method, which considers historical data, analyzing the traffic before and
after a change in the system is made. This elasticity is a direct measure of the actual conditions
of the system under study. Hence, this method was used to analyze the data available from the
Mexican case study at a network level.

All the routes involving bypasses or highways used by urban traffic were again excluded
from the analysis. The final data set included only eighteen out of the initial twenty-nine toll
highways.

137



In addition, two different groups that showed different behavior were identified for each
vehicle type. One group formed by all the routes with 60 percent or more savings in travel time
by using the toll alternative, and the other formed by routes with less than 60 percent savings
(FR/TR). The latter yielded the best fit to the mathematical model.

The data was fit to a logarithmic elasticity model of the form:

ADTp (%) =mLn Cr+n (7-3)
where:
ADTp= percentage of ADT diverted to the toll road
Cr= toll cost per km ($/km)
m n= regression constants

Figure 7.5 depicts the relationship between the ADT diverted and the tolls per km (in US
Dollars) for the three vehicle categories and the two travel time groups. The charts show that the
routes with a toll highway alternative that offers 60 percent or more savings in travel time is less
elastic to changes in the toll, and the ADT diversion does not change considerably when the toll
per km increases. Conversely, when savings in travel time are less than 60 percent, the response
of the users is highly sensitive or elastic to the toll price.

138



Toll Roads with Less than Toll Roads with More than
60% Savings in Time 60% Savings in Time
Toll per km vs. Car ADT Diverted Toll per km vs. Car ADT Diverted
__100 100
X Q
= 80 S 80
kel
g 60 o g 60 *
- * + — (2
z 40 T 2 40 S B e
a § v | a ¢ ! .
2 20 . . B 20
<
0 0
0.03 0.04 005 006 007 008 009 0.10 0.03 0.04 005 006 0.07 008 0.09 0.10
Toll Price ($/km) Toll Price ($/km)
Toll per km vs. Bus ADT Diverted Toll per km vs. Bus ADT Diverted
. 100 100
s 80 * § 80 = Ay
.dc) 4 © N > &
£ 60 o S £ 60 =
g O\A\ g k AN
a 40 S N 5 40
8 20 5 20
< <
0 0
0.06 008 010 012 0.14 016 0.18 0.20 0.06 008 010 012 0.14 016 0.18 0.20
Toll Price ($/km) Toll Price ($/km)
Toll per km vs. Truck ADT Diverted Toll per km vs. Truck ADT Diverted
__100 100
8 =
5 80 < 80
(] T
T 60 - £ 60
[ o 0
2 > \\
a 40 N a 40 \\\ (2 Py
= ¢
5 2 —% 5 20 o e e
< P ‘.\ < o
0 | 0
0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.14 0.16 0.18 0.20 0.22 024 0.26 0.28 0.30
Toll Price ($/km) Toll Price ($/km)

Fig. 7.5 Variation in ADT Diverted vs. Toll per km (Orozco, 1997)

The traffic prediction equations resulting from this analysis are presented in Table 7.3
along with the regression coefficients for each equation. These are the actual equations that were
incorporated into the FEMTH in Chapter 6.
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Table 7.3 ~ Summary of Traffic Prediction Equations

Category STil.ne Traffic Predictiog Equation (% of Regres§i0n

avings total traffic in the route) Coefficient
@ Less 60% ADTp =-43.48 Ln Cr- 73.78 R=0.63
S More 60% ADTp=-25.99 Ln Cr—19.61 R=0.49
g Less 60% ADTp =-48.25 Ln Cr- 44.12 R=0.49
E More 60% ADTp=-10.31 Ln Cr + 39.47 R=0.26
% Less 60% ADTp =-148.86 Ln Cr- 178.42 R=0.49
E More 60% ADTp=-43.22 Ln Cr—33.26 R=0.75

The elasticity model equations in Table 7.3 and the equations discussed earlier in the to//-
traffic estimation section were applied to the eighteen cases to obtain the theoretical ADT
diverted to the toll facility with both methods and then compare it with the actual numbers.
Table 7.4 summarizes the values of ADT diversion calculated with each method, the actual
values, and the difference between the actual and the elasticity affected values.

Table 7.4  Summary of Predicted ADT Diversion (Orozco, 1997)

PREDICTED | AFTER ELASTICITY ACTUAL DIFFERENCE
ROUTE ADT (%) ADT (%) ADT (%) ADT (%)
CAR BUS | TRUCK CAR BUS TRUCK CAR BUS | TRUCK | CAR BUS | TRUCK
ARMERIA-MANZANILLO 45| a8 | 2] 43 35 10 [48]39] 40 | 5] @[ 30
ATLACOMULCO-MARAVATIO 4| 69| 39 | 64 74 55 63| 73] s2 |1 |1 3
CADEREYTA-REYNOSA 39| 44| 14 ] 43 72 55 | 33|35 10 |9 [37] 45
CORDOBA-VERACRUZ a7 (71| 44 | 4 69 38 [ 3347 | 15]8 [23] 22
DELICIAS-CAMARGO 4859 2| 65 63 s4a [eo|sa| 8 ]s [en] @
DURANGO-YERBANIS 40| 47| 17 ] 40 49 28 |24|40| 10 16|09 [ 18
GUADALAJARA-COLIMA s4a 66| 39 | s8 71 55 |e3|es| 53|33 | 2
GUADALAJARA-ZAPOTLANEJO st|e2| 40 | 52 67 37 |s8|e6s| 26 || @] 12
LA TINAJA-COSOLEACAQUE 37| 41| 11 | 28 39 10 [24]46| 144 |®] @
LEON-LAGOS DE MORENO-AGS. 39| 45| 15| 34 47 1 {24]35) 33 |wl|2]en
MAZATLAN-CULIACAN 250 20 | a1 52 17 {3551 146 |1 3
MERIDA-CANCUN 47 [ 59| 31 51 59 25 [38]690| 20 |13 [an| 3
MONTERREY-NUEVO LAREDO 57075 49 | 54 74 45 | 42| 51| 20 |11 |22 | 25
SAN MARTIN TEX.-TLAX.-E. M. 57075 39 | s4 72 29 4|75 336 |3 @
TEPIC-ENTRONQUE SAN BLAS 63| 75| 34 | s8 74 30 |s7|70] 3|1 4]
TIJUANA-TECATE-LIB. TECATE 65 75| 55 | 60 74 52 | a8 |55 | 17 |11 |19 35
TORREON-CUENCAME-YERBANIS 39|45 | 15 ] 35 42 1 [33]s8) 24 |2 [ae] 13
ZAPOTLANEJO-LAGOS DE MORENO s6| 69| 55 | 57 71 55 |38 49| 21 |19 |22 | 34
AVERAGE= |6 |5 | 6
STDDEV= | 7.0 |15.3] 202
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The comparison between the ADT diversion predicted by the model and the actual
diversion becomes more evident in Figures 7.6, 7.7, and 7.8, which compare the values for cars,
buses, and trucks respectively.

In the figures it is evident that the values obtained with the model for passenger cars and

buses are very reliable. However, the author points out that probably due to high toll prices
trucks do not seem to respond to the use of toll roads.

Predicted vs. Actual Car ADT Diverted
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Fig. 7.6 Comparison of Predicted and Actually Diverted Car ADT (after Orozco, 1997)
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Comparison of Predicted and Actually Diverted Bus ADT (after Orozco, 1997)
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Predicted vs. Actual Truck ADT Diverted
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Fig. 7.8 Comparison of Predicted and Actually Diverted Truck ADT (after Orozco, 1997)

Toll Price and Toll Facility Income

This is the second and last part of the toll-traffic demand study. Using the toll-traffic
demand prediction model discussed in the previous section and a total toll income function,
Orozco analyzes the data from the Mexican toll roads to calculate the tolls that would maximize
gross income at the network level for the initial data set of 29 projects.

The underlying idea behind the author’s analysis is the fact that raising toll prices in a
facility will increase gross income only up to a certain point, after which gross income will
decline due to the user’s freedom of choice in whether or not to use the facility. This was the
case in Mexico, where the use of a toll highway is voluntary, and there is always an alternate free
route. The user will pay the toll only if he or she perceives that the benefits received in terms of
time, distance, safety, and cost are worth the price.

Thus, the income function is defined as:

I=yx (7-4)
where:

1= income function

y=  demand function (y =m Ln x + n)

x=  toll to be charged per km

n, m = constants
Note that the demand function is the toll-traffic demand prediction model, which
represents the percentage of ADT diverted to the toll highway. Thus, the resulting model is of
the form:

I=mlnx+n)x (7-5)
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The set of data used in the development of the traffic demand models was then analyzed
as a whole using the income function at a network level. Figures 7.9, 7.10, and 7.11 show the
income function for the three vehicle categories, cars, buses, and trucks respectively. The
constants used for the demand function are also shown with each figure.
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Fig. 7.9 Income Function for Cars (after Orozco, 1997)
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Fig. 7.10  Income Function for Buses (after Orozco, 1997)
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Total Truck Toll Income
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Fig. 7.11 Income Function for Trucks (after Orozco, 1997)

Thus, according to Orozco, the optimum tolls for the Mexican road network derived from
these functions are US$0.10/km for passenger cars and US$0.17 for trucks. The behavior of
buses is almost inelastic, since the demand practically does not change when the toll price varies.
As Figure 7.10 indicates, the toll producing the maximum income would be much higher than
the actual prices. As these values would be beyond the range considered in the elasticity model,
they should not be extrapolated.

However, the data analyzed was limited and the values obtained here should not be
consider as an absolute solution. Further research, updating, and calibrating the models with
more data and studying every project separately are recommended to improve the accuracy of the
model.

THE TOLL TRAFFIC ESTIMATION MODEL AND THE FEMTH

The model developed by Orozco contributes to the development of the FEMTH in a very
important way. It provides information about the variable that has proven to be one of the most
important factors in the success or failure of a toll road project.

Having a reliable model for traffic prediction helps the analyst in narrowing down the
critical uncertainties surrounding a proposed project. Chapter 6 already described the integration
of the feasibility evaluation model and the toll-traffic demand model. Although the toll-traffic
model was estimated based upon data from the Mexican network, and the results presented here
are only applicable to projects in this region, it provides a methodology that can be used in any
other network or project where data is available.

At this point, and for the purposes of this research, the information provided by the toll-
traffic demand model can be directly used in the FEMTH to evaluate projects in the Mexican toll
network, which is the subject of the next chapter.
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CHAPTER 8: APPLICATION OF THE FEMTH TO EXISTING TOLL
HIGHWAYS IN THE MEXICAN ROAD NETWORK

This chapter presents the application of the FEMTH, the toll-traffic demand model and
the risk analysis methodology to two actual case studies in the Mexican toll highway network.
As discussed in Chapter 7, in August of 1997 the Mexican government took over 23 out of 52
highways under the initial concession scheme that were deemed as unfeasible given their
financial situation. The rest of the cases remained under the control of the concessionaires, as
they were judged as viable enterprises.

Based upon the data available for this research and the cases used in the development of
the toll-traffic model, one case from each group was selected for analysis. First, from the group
of highways not rescued by the government is the San Martin Texmelucan—Tlaxcala—El Molinito
toll highway, and from the rescued group is the Monterrey—Nuevo Laredo toll highway. The
map in Figure 8.1 shows their approximate geographical location.

Although the data available is very limited, the application of the FEMTH to these two
cases serves two purposes. First, to show the application of the model to an actual case and
second, to compare the results obtained to the actual feasibility appraisal of these roads in the
rescue program.
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ASSUMPTIONS

The following assumptions were made to enable the analysis considering the limited
schedule and cost data available, as well as the several modifications that the concession
agreements for these roads suffered during their early years. Most of the data, including cost and
schedule data, was obtained or calculated from records kept by SCT for the years 1995-96 and
other technical publications.

1. Both projects have not been constructed and the evaluation date is approximately during the
first semester of 1996, since most of the data available is from late 1995 to early 1996.

2. The interest rate on borrowed funds is pegged to the prime rate. According to Ortega
(Ortega, 1996), the Mazatlan—Culiacan toll highway, which was included in the rescue
program, refinanced its debt converting it to US Dollars at an international interest rate of 9
percent. This took place approximately during late 1994 or early 1995, when the nominal
prime rate fluctuated between 8.5 and 9 percent [see Appendix A].

3. The concession period is for 30 years after the original completion date. For tax purposes,
the facility is fully depreciated during this period using the straight-line method.

4. The right of way and the detailed design are furnished by the SCT, and no toll revenue tax is
levied on these projects.

5. The tolls used in the analysis are those prevailing approximately in the analysis period, just
before the government rescued the roads in difficulties.

6. Because of the consistent controversy found in literature regarding the discount rate used for
the NPV, two analyses were performed. One using a fixed discount rate and one more where
the discount rate was modeled according to the PDF discussed in Chapter 6. The results of
the second analysis are presented only for the purpose of comparison.

Some probability density functions and parameters were slightly changed from those
mentioned in Chapter 6 in order to reflect the characteristics of the particular projects and
reinforce the notion that subjective judgement is part of the risk analysis process. Other
concession conditions not specifically addressed here follow the concepts discussed throughout
this study and those applicable to the Mexican concession program and discussed in Chapter 7.

San Martin Texmelucan-Tlaxcala-El Molinito Toll Highway

The San Martin Texmelucan-Tlaxcala-El Molinito toll highway is located approximately
90 km east from Mexico City, in the states of Puebla and Tlaxcala. The four-lane 26-km road
links the existing toll and toll free highways Mexico City-Puebla at the San Martin Texmelucan
intersection, to the city of Tlaxcala, capital of the state of Tlaxcala. As in almost every case in
the network, a two-lane toll free road already serves the route. The approximate travel time in
the 35-km two-lane toll free road is 25 (0.41 hr) minutes, while in the 26-km four-lane toll road
is 15 minutes (0.24 hr). Figure 8.2 shows the approximate geographic location of the project in
greater detail.
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Tlaxcala

Fig. 8.2 San Martin Texmelucan-Tlaxcala-El Molinito Toll Highway

Analysis Input Data

This section describes in detail the input variables used in the analysis as well as the
PDFs used to describe them in the analysis. A summary table is included at the end of this
section.

Traffic and Tolls Data Section

Following the logic assumed by Orozco, the total route traffic considered for the analysis
is the sum of the traffic using both, the toll and the toll free road. Table 8.1 presents the actual
traffic data for both roads in the route as well as the tolls to be charged on each vehicle category.
The actual toll road data will be compared later to the numbers yielded by the toll-traffic demand
model.

Table 8.1  Actual Traffic Data for the San Martin Texmelucan-Tlaxcala-El Molinito Route

VEHICLE FREE ROAD TOLL ROAD' TOTAL ROUTE p;?cli]LS .
TYPE ADT | Share | ADT | Share | ADT | Share | (US$/km)
Car 3,310 | 83.0% | 2,278 | 74.0% | 5,588 | 79.1% 0.08
Bus 159 4.0% 570 18.5% | 729 10.3% 0.16
Truck 518 13.0% | 231 7.5% 749 10.6% 0.22
100.0 100.0 100.0
TOTAL 3,987 % 3,079 % 7,066 %

Sources: AMICO, IMT and Orozco (1996, 1997)
i Actual values; * 1 US$ = 7.8 Mexican Pesos (1996)
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Based upon these tolls, the total traffic in the route and the characteristics of the road, the
expected values for the traffic using the toll highway yielded by the toll-traffic demand model
are as follows:

Table 8.2  Toll-Traffic Demand Model Predicted Traffic for Toll Highway
CATEGORY EXPECTED ADT ADT SHARE
Car 2,233 76.2%
Bus 408 13.9%
Truck 290 9.9%
TOTAL 2,931 100.0%

The numbers yielded by the toll traffic demand model are very close to the actual traffic.
The total expected traffic is only 5 percent lower than the actual, and the variations in the
categories are within reasonable limits. The uncertainty associated with these values is reflected
within the FEMTH, using the PDFs built into the FEMTH and discussed in Chapter 6.

The traffic growth rate is assumed as varying uniformly between 0 and 5 percent
annually, and with a consecutive yearly variation limited to £+ 2 percent, as discussed in Chapter
6 as well. The concession period was set to 31 years, including the project execution stage.

Design and Construction Data Section

The construction cost and schedule data obtained for the project was limited to the
original proposal and the final costs and completion dates. The project was bid at approximately
US$14,230,000 and 9 months of execution. But as a consequence of additions and change orders
the final cost climbed up to about US$22,000,000 and the execution schedule to 18 months (SCT
& Zambrano, 1996, 1991). Thus, the project was finally about 57 percent above budget and with
a schedule slippage of 100 percent.

Hence, the project construction cost was described with a PERT distribution with
parameters US$14,230,000 as a minimum, US$17,000,000 (about 20 percent above) as an
arbitrary most likely or middle point, and a maximum of US$22,000,000. The PERT
distribution, shown in Figure 8.3, was chosen above the triangular only because a smooth PDF
was desired.
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Fig. 8.3 Construction Cost PDF for the San Martin-Tlaxcala Project
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On the other hand, the project schedule duration was also described as a PERT
distribution, with parameters 9 months as a minimum, 12 months (about 33 percent above) as the
most likely and 18 months as the maximum. Supervision costs were fixed at 3 percent of the
project construction cost. Figure 8.4 depicts the PDF for the project schedule.
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Fig. 8.4 Schedule PDF for the San Martin-Tlaxcala Project

Operation and Maintenance Data Section

Toll collection costs were described using a triangular distribution with parameters
US$0.055, US$0.06, and US$0.09 per transaction.

The initial annual maintenance, rehabilitation and reconstruction costs were also
described with a triangular distribution with parameters 2.5, 3 and 4 percent of the construction
costs. The maximum value for this variable throughout the concession period discussed in
Chapter 6 was changed from 5.2 to a 5 percent of the construction cost.

The administrative costs were described with a triangular PDF with the parameters set in
Chapter 6, at 18, 22.5 and 25 percent of the operation and maintenance costs.

Financial Data Section

The capital structure of the San Martin Texmelucan-Tlaxcala-El Molinito is formed by 21
percent private capital, 24 percent capital from the government of the State of Tlaxcala, 4 percent
from the federal government, and the remaining 51 percent through a bank loan. Since the
governmental funds were not granted as subsidies, they are assumed as being equity funds.

The origination fee for the loan is set at a fixed 3 percent. The real prime interest rate in
the quarter previous to the beginning of the analysis (late 1996) is around 5 percent (see
Appendix A). Thus, the effective rate on the loan is set at 5 percent, expecting a long-term
average of the real prime rate of 3.77 percent.

The discount rate used in the first analysis is fixed at 8.86 percent. A lognormal PDF
with mean of 8.86 percent and a standard deviation of 23 percent describes the second discount
rate used in the analysis, as described in Chapter 6.
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Fiscal Data Section

From the list discussed in Chapter 6, the following taxes are applicable for the analysis.
A corporate income tax of 34 percent, a presumptive income tax of 2 percent, a profit sharing tax
of 10 percent, and a general value added tax of 15 percent. The depreciation period is 30 years.

Other Income
No data was available for this section.

User Input Data and Expected Values Summary Table

Table 8.3 summarizes the user data input, their PDFs where applicable, and the expected
values for each variable as well as the results obtained by the FEMTH based on these expected
values. Figure 8.5 illustrates the Input Form loaded with the project information and Figure 8.6
illustrates the Results Screen displaying information based upon the expected values for the
project variables.

Table 8.3  User Input Data and Expected Values Summary Table
EXPECTED
VARIABLE @RISK FUNCTION (PDF) VALUE
Total ADT in the corridor N/A 7,060
Toll free road data:
Travel time N/A 0.41 hr
Car ADT share N/A 79.1%
Bus ADT share N/A 10.3%
Truck ADT share N/A 10.6%
Concession period N/A 31 years
Toll road data:
Length N/A 26 km
Travel time N/A 0.24 hr
Car toll price N/A US$0.08/km
Bus toll price N/A US$0.16/km
Truck toll price N/A US$0.22/km
Traffic growth rate RiskUniform(0%,5%) 2.5%
Toll-traffic demand results:
Total traffic diverted to toll road N/A 2,931
Car ADT share N/A 76.2%
Bus ADT share N/A 13.9%
Truck ADT share N/A 9.9%
Design and construction:
Project construction cost RiskPert(14.2, 17.0, 22.0) (millions) | US$17.3x10°
Supervision cost N/A 3%
Project schedule duration RiskPert(9, 12, 18) 13 months
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EXPECTED
VARIABLE @RISK FUNCTION (PDF) VALUE
Operation and Maintenance:
Toll collection costs RiskTriang(0.055,0.06,0.09) US$0.068
Initial M,R&R costs RiskTriang(2.5%,3%,4%) 3.17%
Maximum N/A 5%
Administration Costs RiskTriang(18%,22.5%,25%) 21.8%
Financial:
Equity capital N/A 49%
Debt capital N/A 51%
Loan origination fee N/A 3%
Initial interest rate N/A 5%
Initial real reference rate N/A 5%
Expected long term avg. rate N/A 3.77%
Discount rate (fixed) N/A 8.86%
Discount rate (variable) RiskLognorm(8.86%, 23%) 8.86%
Fiscal
Corporate marginal income tax N/A 34%
Presumptive income tax N/A 2%
Profit sharing tax N/A 10%
General value added tax N/A 15%
Depreciation Period N/A 30 years
Financial Analysis Results
Project NPV N/A US$712,167
Project IRR N/A 9.24%
Equity NPV N/A US$2,251,817
Equity IRR N/A 10.45%

DISCOUNTED CASH FLOW MODEL FOR TOLL HIGHWAY ANALYSIS

INPUT DATA
I. TRAFFIC AND TOLLS (Case Study Data) II. DESIGN AND CONSTRUCTION lll. OPERATION AND MAINTENANCE
CORRIDOR DATA TOLL ROUTE DATA PROJECT COST DIRECT COSTS
TOTAL TRAFFIC 7,066 [LENGTH (km) 26 | CONSTRUCTION® § 17371667 TOLL COLLECTION [
TRAVEL TIME (hr) 041 |T. TIME (hr) 024 | SPECIAL STRUCTURES| $ - COST (§ per Vehicle)
DESIGN (%) 0.0%

ADT DISTRIBUTION TOLL ($/km) _ ADT DIST. TOTAL [§ 17371667 MRE&R ANNUAL COST [__3.17% | nitial
CAR (A) 79.08% 008 76.18% (% "Construction Cost) 500% |Max
BUS (B) 10.32% 016 1391%| RIGHTOFwWAYCOST [§ - |
TRUCK (C) 10.60%, 022 9.00%| SUPERVISION INDIRECT COSTS

Max. Wariation
INITIAL TOLL ROUTE ADT 2931 0% PROJECT SCHEDULE ADMINISTRATION
ADT GROWTH RATE {min,mex) 00% 5 0% MONTHS (% of Direct Costs)
CONCESSION LIFE (¥ears) 3100 QUARTERS
IV. FINANCIAL V. FISCAL VI. OTHER INCOME
PROJECT CAPITAL STRUCTURE QUARTERLY
EQUITY (% of Gost) 49.00% MARGINAL INCOME TAX 34% RIGHT OF WAY
DEET 5100% PRESUMPTIVE INCOME TAX (Tax an 2% OTHER
fixed assets) TOTAL
LOAN DATA WORKERS PROFIT SHARING (%)
ORIGINATION FEE (%) 3.00%
INITIAL REAL INTEREST RATE 500% GENERAL YALUE ADDED TAX VIL FINANCIAL ANALYSIS RESULTS

VAT OM DEBT INTEREST

ON TOTAL CAPITAL

REFERENCE INTEREST RATE DATA VAT OM DEBT ISSUANGE 0% NPV $712,167
INITIAL REAL RATE IRR 9.24%
EXPECTED LT, AVERAGE 3TT%
TOLL REVENUE TAX. ON EQUITY
REQUIRED RATE OF RETURN NPV §2,251,817
DISCOUNT RATE 0.06% DEPRECIATIONPERIOD (YRS) [ a0 RR | 10.45% |

8.86%
—

Fig. 8.5 Input Form for the San Martin Texmelucan-Tlaxcala-El Molinito Toll Highway
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TOLL HIGHWAY CUMULATIVE CASH FLOW INMEL VALUES.
OVER CONCESSION LIFE DT 23]
Growth Rate 2.5%
BODIE g} cererrmmemsn s s e e s s e Interest Rate 4.9%
Execution Schedule Duration
& y 13
E $70°E+6-}--| —Total Project Flows: | ooooocsossiimieeieiiiciiiiies (months)
g — Equity Flows Discount Rate (RRR) 9%
L $50 E+6 |-
I
< $30 E+6
b
3 ITERATION RESULTS:
2 §10 46 |
£ H0E NET PRESENT VALUE
- | jEEy z TLhe 1 ]
2510 E+6) On Total Capital| $ 712,167
] On Equity| $ 2251817
R =
INTERNAL RATE OF RETURN
(850 E+6) A (bt A,
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 20 On Total Capital 9.24%
CONCESSION PERIOD (years) On Equity 10.45%

Fig. 8.6 Results Screen for the San Martin Texmelucan-Tlaxcala-El Molinito Toll Highway
with Expected Input Values

Risk Analysis Results

The computer simulation is the easiest operation of the entire risk analysis. Once the
input data is loaded in the form, the risk analysis was carried out. The spreadsheet cells
corresponding to the FEMTH objective functions, the NPV and the IRR for both, the project and
equity cash flows were added as @RISK output variables and the simulation run. The PDFs
modeled in the analysis for the ADT and ADT distribution, calculated based upon the toll-traffic
demand model were also illustrated for this case study. In addition, to illustrate the interest rate
modeling technique used and the PDFs modeled, the cells corresponding to the interest rates for
the first 40 quarters (10 years) of the project life were also added as @RISK outputs.

The analysis consisted of two simulations. The first one was carried out using a fixed
discount rate for the NPV analysis. In the second, the interest rate was modeled using the PDF
discussed earlier. Each simulation consisted of 2000 iterations performed on a total of 291 input
variables, considering that the traffic growth rate and interest rates are modeled for each quarter.
After this number of iterations the sample was considered as being statistically significant, since
the average percent change in the mean and standard deviation obtained for the output variables
was less than 1.5 percent.

ADT and ADT distribution

Figures 8.7 and 8.8 illustrate the PDFs of the total initial ADT and the ADT distribution
for the three vehicle categories modeled by the FEMTH using the toll-traffic demand model
developed by Orozco, and their individual PDFs applied in the analysis. According to Figure
8.7, The simulated initial ADT traffic has a mean of 2,905 and a standard deviation of 402
vehicles per day, a little lower than the 2,931 calculated with the expected values. The figure
also shows that the range goes from a minimum of about 2,000 to a maximum of about 4,700
vehicles per day.
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Figure 8.8 shows that the mean car traffic share is 76.6 percent, with a standard deviation
of 6.4 percent, a minimum of 52 and a maximum of 89. Bus traffic share has a mean of 14.1
percent, a standard deviation of 3.3 percent, and range between 6 and 27 percent, while truck

traffic share has a mean of 9.3 percent, standard deviation of 6.5 percent and range between 1.6
and 38 percent.
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Fig. 8.7 PDF for initial ADT in the San Martin Texmelucan-Tlaxcala-El Molinito Toll Road
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Fig. 8.8 PDF for ADT distribution in the San Martin Texmelucan-Tlaxcala-El Molinito Toll
Road Project
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Modeling Interest Rates for the Project

This section illustrates the interest rates modeled for the project during the simulation
process. As stated earlier, the interest rate for the project debt was assumed as being pegged to
the prime rate plus zero points, that is, the pure prime rate. The real rate at project start was set
at 5 percent, and the long-term average of the real prime rate as 3.77 percent. As Figure 8.9
below shows, albeit the interest rate value starts at 5 percent, the periodic mean value of the
interest rate tends to gradually reach the average of 3.77 percent, varying according to the Cox-
Ingersoll-Ross model discussed in Chapter 6.
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Fig. 8.9 Interest Rates Modeled for the San Martin Texmelucan-Tlaxcala-El Molinito Toll
Road Project

During the simulation process, the computer takes samples around this mean, forming a
PDF for the interest rate for each specific quarter. As the quarter being analyzed gets farther in
time from the project start, the mean interest rate tends to reach 3.77 percent, but its range also
starts to increase, going from as low as zero to as high as about 12 percent, reflecting the
increasing uncertainty about future interest rates. The highest prime interest rate researched for
this study was a 9.99 percent in June of 1991 [See Appendix A]. According to the simulation
statistics, the highest recorded in the analysis was of 11.7 percent in the 25™ quarter (6" year) of
the project life. Figure 8.10 illustrates the resulting PDFs for the interest rate in the 1%, 12™ and
40™ quarters of the project life.
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Fig. 8.10  PDF for Interest Rates Modeled for the San Martin Texmelucan-Tlaxcala-El
Molinito Toll Road Project (Quarters1, 12 and 40)

Net Present Value Analysis

The deterministic NPV analysis carried out with the expected values for each variable
yielded a NPV of US$712,167 for the total project cash flows, and $2,251,817 for the equity
cash flows. Following traditional NPV analysis rules, this project would be ranked as good,
since it meets the requirement of having a positive NPV. But, what are the probabilities of the
project achieving this result?

The results of the NPV risk analysis for the project and equity cash flows are summarized
in Figures 8.11, 8.12, 8.13, 8.14 and 8.15. The detailed statistics and output of the analysis are
included in Appendix G.

Figure 8.11 compares the PDF for the project’s NPV calculated with both, the fixed and
the variable discount rate. Using a fixed discount rate the NPV of the project cash flows has
mean of US$842,217 and a standard deviation of US$4,429,869, (about 30 percent of the initial
project cost). On the other hand, using a lognormally distributed varying discount rate, the mean
project NPV goes up to US$18,773,520 with a standard deviation of US$20,885,430, which is
very high and extremely disperse.

The use of a variable discount rate in the NPV analysis certainly adds up to the
uncertainty surrounding the project and generates little additional information. The concept of a
variable discount rate is very abstract and can be arguable. The difficulty implied by the
discount rate per se is considered one of the shortcomings of the NPV method. However, an
extensive discussion on the topic is out of the scope of this report and the results are presented
here only to illustrate its effects in the analysis.
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Fig. 8.11  PDF for NPV of the San Martin Texmelucan-Tlaxcala-El Molinito Toll Road Total
Project Cash Flows

Cumulative distribution functions (CDF), such as the one shown in Figure 8.12 are more
explicit. Because the scale in this chart is not very accurate, Figure 8.13 provides a scaled detail
of the same data. Along the x-axis are the NPVs and along the y-axis the probability that these
NPVs will not be exceeded. For example, using the fixed discount rate there is about a 55
percent probability that the NPV will be greater than zero. On the other hand, when using the
variable discount rate the probability is 75 percent. The curve can also be used to determine the
probability that the NPV will fall within a given range by taking the difference along the ordinate
of the two extreme points of the range. For example, there is about a 20 percent chance that the
NPV will be between US$1 and US$3 million dollars (using the fixed discount rate). The figure
also shows that the probability of getting a NPV inferior to US$712,167, the NPV obtained using
the conventional analysis using the expected values for each variable, is about 50 percent, and
the probability of getting above this figure is also about 50 percent. In other words, the PDF of
the NPV is close to a normal distribution, which is logical according to the Central Limit
Theorem.
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CDF for Project Net Present Value

08 |-~ ]
Fixed Discount Rate
Lognormal Discount Rate
2 06— ]
§ Lognormal  ———
o
E 04T
02 A
0 / : : ‘ ‘
-10 -5 0 5 10 15 20 25

NPV (Millions US$)

Fig. 8.12  CDF for NPV of the San Martin Texmelucan-Tlaxcala-El Molinito Toll Road Total
Project Cash Flows
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Fig. 8.13  CDF for NPV of the San Martin Texmelucan-Tlaxcala-El Molinito Toll Road Total
Project Cash Flows (Detail)

However, examining the project from the point of view of the NPV of cash flows to
equity, the figures are more favorable due to the leveraging of equity with borrowed funds.
Figure 8.14 compares the PDF for the project and equity cash flows using a fixed discount rate.
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The NPV of the flows to equity has a mean of US$2,413,932 and a standard deviation of

US$3,765,930. That is, the PDF is tighter and with a higher mean than the PDF for the project
NPV.
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Fig. 8.14  PDF for NPV of the San Martin Texmelucan-Tlaxcala-El Molinito Project vs.
Equity Cash Flows

Figure 8.15 shows a detail of the CDF for the analysis that provides more additional
information. For example, there is about a 75 percent probability that the NPV will be greater
than zero compared to 55 percent for the project, and there is about a 40 percent chance that the
equity flows NPV will be between US$1 and US$4 million dollars. The probability of getting a
NPV inferior to US$2,251,817, the NPV obtained in the deterministic analysis, is about 48
percent, and the probability of getting above this number is about 52 percent.
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Fig. 8.15  CDF for NPV of the San Martin Texmelucan-Tlaxcala-El Molinito Project vs.
Equity Cash Flows (Detail)

At first glance, from the project point of view, the results of the NPV risk analysis seem
to indicate that the highway is a risky venture, since it has a high probability of not reaching a
positive NPV (45 percent). However, from the point of view of the equity investor, the project
may still prove to be worthwhile. The internal rate of return analysis presented next provides
additional insight on the project’s risk.

Internal Rate of Return Analysis

The IRR analysis carried out with the expected values for each variable yielded an IRR of
9.24 percent for the total project cash flows, and 10.45 percent for the equity cash flows.
According to the traditional IRR rules, this project would be ranked as good, since it meets the
requirement of having an IRR higher than the RRR of 8.86 percent specified in Chapter 6.

The results of the risk analysis for the IRR of the project and equity cash flows are
summarized in Figures 8.16, 8.17 and 8.18. The detailed statistics and output of the analysis are
also included in Appendix G.

Figure 8.16 compares the PDFs of the IRR for both, the project and equity cash flows.
The IRR for the project has mean of 9.26 percent and a standard deviation of 2.3 percent, while
the IRR for equity cash flows has a mean of 10.48 percent and a slightly higher standard
deviation of 2.5 percent.
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Fig. 8.16  PDF for IRR of the San Martin Texmelucan-Tlaxcala-El Molinito Project vs.
Equity Cash Flows

The same chart but in a CDF format is shown in Figure 8.17 and Figure 8.18 depicts the
scaled detail of the same data. The figure shows that there is about a 60 percent probability that
the project IRR will be greater than the RRR and a 77 percent probability for the equity IRR.
Besides, the probability of the project achieving an IRR inferior to 9.2 percent, the rate obtained
using the deterministic analysis, is about 46 percent, while the probability of reaching the IRR of
10.45 percent for the equity flows is about 48 percent.
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Fig. 8.17  CDF for IRR of the San Martin Texmelucan-Tlaxcala-El Molinito Project vs.
Equity Cash Flows
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Fig. 8.18  CDF for IRR of the San Martin Texmelucan-Tlaxcala-El Molinito Project vs.
Equity Cash Flows (Detail)

The detailed statistics of the analysis in Appendix G show that at the 5™ percentile the
IRR is almost 6 percent for the project and 6.8 percent for the equity invested. Therefore the
probability of getting a return inferior to 6 percent is very slim, for both, the project and the
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equity invested. This information provides additional insight about project risk to any decision-
maker regardless of his/her particular RRR.

Sensitivity and Scenario Analyses

Once the amount of risk associated with the project was measured, the variables that have
the strongest influence in the overall project outcome and the combination of these variables that
contribute significantly towards reaching or not reaching the project goals were identified using
@RISK sensitivity and scenario analyses capabilities. Based upon this information, the
decision-maker can determine whether the risk associated with these variables is manageable or
not. The possibility of implementing risk mitigation and control measures on the project critical
variables can significantly reduce its overall risk and increase the probability of a successful
project outcome.

An IRR sensitivity analysis was carried out for the total project cash flows using @RISK
multivariate stepwise regression analysis. The results of the analysis are summarized in Figure
8.19, which depicts a tornado diagram with the normalized regression coefficients associated
with each variable. The R* value for the regression equation was 0.99, indicating a linear
relationship between the variables and the project IRR.

Regression Sensitivity Analysis for Project IRR
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Fig. 8.19  Project IRR Regression Sensitivity Analysis of the San Martin Texmelucan-
Tlaxcala-El Molinito Toll Highway

The results show that the most critical variables are the percent change in the amount of
traffic diverted to the facility on its three categories and the project construction costs. On the
other hand, initial maintenance costs, traffic growth rate, project schedule and interest rates have
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a very low regression coefficient, and operation and administration costs do not even appear in
the diagram.

Based upon the critical variables, two scenarios were calculated for the project IRR. The
first one is a desirable scenario, and corresponds to a target of an IRR higher than the 75
percentile, that is, higher than 10.52 percent. The combination of variables that contributes
significantly towards reaching this number is:

* Construction cost on or below US$16,541,940 (about the 32" percentile).

® Percent change in predicted car ADT diverted from the toll free highway on or above
—3.73 percent (about the 68" percentile from a range between —40 and +15 percent).

® Percent change in predicted truck ADT diverted from the toll free highway on or
above 100 percent (about the 84™ percentile from a range between —83 and +200
percent)

The second, an unfavorable scenario, corresponds to a project IRR below the 25
percentile, that is, equal or lower than 7.7 percent. The combination of significant variables for
this target is as follows:

* Construction costs on or above US$18,189,650 (about the 71* percentile).

® Percent change in predicted car ADT diverted from the toll free highway on or below
—19.82 percent (about the 25™ percentile)

Summary of Analysis Results

It may be concluded that considering solely the equity investor standpoint, the FEMTH
indicates that the risk associated with the San Martin Texmelucan-Tlaxcala-El Molinito toll road
may still be within reasonable limits. However, from a project point of view, the risk may seem
quite high, and obtaining debt finance at a favorable rate may be difficult.

As far as the actual project turnout and the decision of not including it in the SCT rescue
program, we may say that it coincides to some extent with the results of this analysis. Although
the project construction costs were actually on the upper boundary, the uncertainty about the
amount of traffic deviated to the facility is now gone, since the project is currently operating.
Besides, the fact that different levels of government are involved as equity investors favors
obtaining a favorable debt interest rate. In addition, considering the location of the project and
the potential for growing commuter traffic to Mexico City, chances are the actual average traffic
growth will be higher than the values assumed for this analysis.
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MONTERREY-NUEVO LAREDO TOLL HIGHWAY

The Monterrey-Nuevo Laredo toll highway is located for the most part in the northern
state of Nuevo Leon. The four-lane 146-km road links the city of Monterrey at its outskirts, with
the four-lane section of the toll free Federal highway 85, about 30 km south from the city of
Nuevo Laredo, in the Mexico-US border. The two-lane section of highway 85 serves the same
route, with a length of 231 km, for an average travel time of 2.54 hrs, while in the toll road the
approximate travel time is 1.33 hrs. Figure 8.20 shows a detail of the approximate geographic
location of the project.

Fig. 8.20  Monterrey-Nuevo Laredo Toll Highway

The analysis carried out for this case is only briefly explained, since the logic for
interpreting the results was already introduced in the San Martin Texmelucan-Tlaxcala-El
Molinito case study.

Analysis Input Data

This section describes only the input variables and PDFs that changed from the previous
project. The rest of the variables are assumed to keep the same values. The summary table
listing of all the variables is included at the end of this subsection.

Traffic and Tolls Data Section

Table 8.4 presents the actual traffic data for both roads in the route and the tolls to be
charged on each vehicle category.
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Table 8.4

Actual Traffic Data for the Monterrey-Nuevo Laredo Route

VEHICLE FREE ROAD TOLL ROAD' TOTAL ROUTE P;‘?CIELS .
TYPE ADT | Share | ADT | Share | ADT | Share | (uss/km)
Car 3834 | 83.8% | 2,584 | 85.0% | 6,418 | 843% | 0.08
Bus 156 | 34% | 243 | 8.0% | 399 | 52% | o0.14
Truck 586 | 12.8% | 213 | 7.0% | 798 | 105% | 0.6
100.0 100.0 100.0
TOTAL | 4576 | % | 3040 | % | 7615 | %

Sources: AMICO, IMT and Orozco (1996, 1997)
i Actual values; * 1 US$ = 7.8 Mexican Pesos (1996)

Hence, the expected values for the traffic using the toll highway yielded by the toll-traffic
demand model are the following:

Table 8.5  Toll-Traffic Demand Model Predicted Traffic in Toll Highway
CATEGORY EXPECTED ADT ADT SHARE
Car 2,521 84.4%
Bus 227 7.6%
Truck 240 8.0%
TOTAL 2,988 100.0%

The numbers yielded by the toll traffic demand model in this case are also very close to
the actual traffic. The total expected traffic is only around 2 percent lower than the actual, and
the variations in the categories are also very low. The assumed concession period is 32 years, to
allow for a project execution stage of two years.

Design and Construction Data Section

The construction cost and schedule data obtained for the project was also limited to the
original proposal and the final costs and completion dates. The project was bid at approximately
US$141,538,462 and 20 months of execution, the final cost was about US$168,589,749 and the
execution schedule was about 21 months (SCT & Zambrano, 1996, 1991).

Thus, the project construction cost was again described using a PERT distribution, with
parameters US$141,538,500 as a minimum, US$167,000,000 (about 20 percent above) as the
most likely value, and a maximum of US$168,589,000. The resulting PDF is shown in Figure
8.21 below.
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Fig. 8.21  Construction Cost PDF for the Monterrey-Nuevo Laredo Project

On the other hand, the project schedule duration was assumed as a PERT distribution
with parameters 19 months as a minimum, 21 months as the most likely and 23 months as the
maximum, as depicted in Figure 8.22.
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Fig. 8.22  Schedule PDF for the San Martin-Tlaxcala Project

Financial Data Section

The capital structure of the Monterrey-Nuevo Laredo consists of 25 percent private
capital, another 25 percent from the federal government through PEMEX, the state owned
national oil company, and the remaining 50 percent was obtained through a bank loan. The
government capital is also considered equity capital in the analysis.
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User Input Data and Expected Values Summary Table

Table 8.6 summarizes the user data input for the project, the PDFs where applicable, the
expected values for each variable, and the results obtained by the FEMTH based upon these
values. Figure 8.23 illustrates the Input Form loaded with the project information and Figure
8.24 illustrates the Results Screen displaying information based upon the expected values for the
project variables.

Table 8.6  User Input Data and Expected Values Summary Table
EXPECTED
VARIABLE @RISK FUNCTION (PDF) VALUE
Total ADT in the corridor N/A 7,615
Toll free road data: N/A 32 years
Travel time N/A 2.54 hr
Car ADT share N/A 84.3%
Bus ADT share N/A 5.2%
Truck ADT share N/A 10.5%
Concession period N/A 32 years
Toll road data:
Length N/A 146 km
Travel time N/A 1.33 hr
Car toll price N/A US$0.08/km
Bus toll price N/A US$0.14/km
Truck toll price N/A US$0.26/km
Traffic growth rate RiskUniform(0%,5%) 2.5%
Toll-traffic demand results:
Total traffic diverted to toll road N/A 2,988
Car ADT share N/A 84.4%
Bus ADT share N/A 7.6%
Truck ADT share N/A 8.0%
Design and construction:
Project construction cost RiskPert(141.5, 167.0, 168.6)x10° US$163x10°
Supervision cost N/A 3%
Project schedule duration RiskPert(9, 12, 18) 21 months
Operation and Maintenance:
Toll collection costs RiskTriang(0.055,0.06,0.09) US$0.068
Initial M,R&R costs RiskTriang(2.5%,3%,4%) 3.17%
Maximum N/A 5%
Administration Costs RiskTriang(18%,22.5%,25%) 21.8%
Financial:
Equity capital N/A 50%
Debt capital N/A 50%
Loan origination fee N/A 3%
Initial interest rate N/A 5%
Initial real reference rate N/A 5%
Expected long term avg. rate N/A 3.77%
Discount rate (fixed) N/A 8.86%
Discount rate (variable) RiskLognorm(8.86%, 23%) 8.86%
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EXPECTED
VARIABLE @RISK FUNCTION (PDF) VALUE
Fiscal
Corporate marginal income tax N/A 34%
Presumptive income tax N/A 2%
Profit sharing tax N/A 10%
General value added tax N/A 15%
Depreciation Period N/A 30 years
Financial Analysis Results
Project NPV N/A US$712,167
Project IRR N/A 9.24%
Equity NPV N/A US$2,251,817
Equity IRR N/A 10.45%

DISCOUNTED CASH FLOW MODEL FOR TOLL HIGHWAY ANALYSIS

INPUT DATA
I. TRAFFIC AND TOLLS (Case Study Data) II. DESIGN AND CONSTRUCTION 1ll. OPERATION AND MAINTENANCE
CORRIDOR DATA TOLL ROUTE DATA PROJECT COST DIRECT COSTS
TOTAL TRAFFIC 7615 |LENGTH (km) 146 | CONSTRUCTION® $163,021,250 TOLL COLLECTION
TRAVEL TIME (hr) 254 |T. TIME (hn) 133| SPECIAL STRUCTURES] § . COST (§ per Vehicle)
DESIGM (%) 00%
ADT DISTRIBUTION TOLL ($/km) ADT DIST. TOTAL [§162.021250 MRE&R ANNUAL COST Min
CAR (A) 84 08% 0.08 54 36%) 1% “Canstruction Cost) 500% |Max
BUS (B) 5 4% 014 761%| RIGHT OF wWay COST [§ -
TRUCK (C) 10 45% 026 504%| SUPERVISION 3.00% T S
INITIAL TOLL ROUTE ADT 2088 20% PROJECT SCHEDULE ADMINISTRATION 2183%
ADT GROMWTH RATE (min v 0.0% 50% MONTHS 21 (% of Direct Custs)
COMNCESSION LIFE (vears) 32.00 QUARTERS
| IV. FINANCIAL V. FISCAL VI. OTHER INCOME
PROJECT CAPITAL STRUCTURE QUARTERLY
EQUITY (% of Cost) MARGINAL INCOME TAX 35% RIGHT OF WaY
DEET 50.00% PRESUMPTIVE INCOME TAX (Tax on 2% OTHER
fixed 3ssets) TOTAL
LOAN DATA WORKERS PROFIT SHARING (%)
ORIGINATION FEE (%) 3.00%
INITIAL REAL INTEREST RATE GENERAL VALUE ADDED TAX VIl FINANCIAL ANALYSIS RESULTS
AT OM DEBT INTEREST ON TOTAL CAPITAL
REFERENCE INTEREST RATE DATA VAT O DEBT ISSUANCE ($86,727,454)
INITIAL REAL RATE
EXPECTED LT AVERAGE 3T7%
TOLL REVENUE TAX ON EQUITY
REQUIRED RATE OF RETURN NPV ($47,849,628)
DISCOUNT RATE 8.86% DEPRECIATION PERIOD (YRS) 0 IRR 4.26%

8.86%
—

Fig. 8.23  Input Form for the Monterrey-Nuevo Laredo Toll Highway
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TOLL HIGHWAY CUMULATIVE CASH FLOW INITIAL VALUES:
OVER CONCESSION LIFE ADT 2,988
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Fig. 8.24  Results Screen for the Monterrey-Nuevo Laredo Toll Highway with Expected Input
Values

Risk Analysis Results

The risk analysis run for this project was essentially identical to the analysis of the San
Martin Texmelucan-Tlaxcala-El Molinito highway. The detailed statistics and results of the
analysis for both, the NPV and the IRR are also included in Appendix G. For the sake of
conciseness, the results presented in this section are limited only to the IRR, which provides a
more general measure for the project outcome.

The IRR analysis carried out with the expected values for each variable yielded an IRR of
3.36 percent for the total project cash flows, and 4.26 percent for the equity cash flows. These
values are totally below the RRR of 8.86 percent. Thus, the deterministic analysis already
indicates that the project does not meet the specified profitability requirements.

Figure 8.25 compares the PDF of the IRR for both, the project and equity cash flows.
According to the risk analysis, the IRR for the project is even lower that the traditional analysis
expected value, with a mean of 3.03 percent and a standard deviation of 2.3 percent. The IRR
for equity cash flows is slightly higher, with a mean of 3.95 percent and a standard deviation of
2.4 percent.

The CDF in Figure 8.26 shows the probabilities of the project achieving the RRR for
both, total flows and equity flows, are extremely low, less than 5 percent. Therefore, without
going into more specific details, it is evident that the project is not financially feasible.
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Fig. 8.25  PDF for IRR of the Monterrey-Nuevo Laredo Project vs. Equity Cash Flows

CDF for Project vs. Equity IRR
1
o8| - -
Project IRR
Equity IRR
2 06 -7 e
§ Proiect IRR ﬂ\
s 04
o2t S
0 ] ‘
-6 -3 0 3 6 9 12 15
IRR (%)

Fig. 8.26  CDF for IRR of the Monterrey-Nuevo Laredo Project vs. Equity Cash Flows

Sensitivity Analysis

Even though the risk analysis results clearly indicate that the Monterrey-Nuevo Laredo
toll road is not a viable enterprise under the conditions assumed, a sensitivity analysis was
performed to detect the main weaknesses of the project.

The regression sensitivity analyses carried out on the project IRR and NPV yielded a very
low R? value for the regression equations. The second option offered by @RISK, the rank-order
correlation sensitivity analysis also yielded very low correlation coefficients for the IRR.
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However, the same correlation analysis performed on the project NPV yielded better
coefficients. The tornado diagram in Figure 8.27 summarizes these results.

Sensitivity of Project NPV
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Fig. 8.27  Project IRR Regression Sensitivity Analysis of the Monterrey-Nuevo Laredo Toll
Highway

The figure shows that the primary factor influencing the project NPV is traffic. The
traffic that would divert to the highway and its growth rate are simply insufficient to support the
project.

Summary of Analysis Results

The results of the analysis are evident. The Monterrey-Nuevo Laredo toll road is not a
project that can be considered for private financing given the present conditions. Hence the
FEMTH appraisal definitely coincides with the decision of including the project in the group of
toll roads rescued by the SCT.
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CHAPTER 9: CONCLUSIONS
AND RECCOMENDATIONS

Risk is an intrinsic part of BOT toll highway projects. Measuring these risks is the most
important issue in a financial feasibility evaluation. A financial feasibility evaluation computer
model for BOT toll highways — Feasibility Evaluation Model for Toll Highways (FEMTH) -
which incorporates probabilistic risk analyses of its most critical variables was developed in this
research project. The FEMTH is intended to provide decision-makers in the public and private
sectors with a pre-project planning tool that helps assessing realistically not only the expected
financial outcome of a proposed BOT toll highway project, but also the probability of attaining
1t.

The FEMTH was created as a Microsoft Excel for Windows 95 template that requires the
use of @RISK, an external add-in to Excel (Palisade, 1996), which enables the model to perform
risk analysis. The functions and programming capabilities built into Excel were used to
automate and customize the calculations in the spreadsheet according to the data input by the
user, that is, the characteristics and variables for the particular project being analyzed. Thus, the
user action in the spreadsheet is limited to feed in the basic data into the model and specify the
desired settings for the simulation process.

The results of the model can be visualized during the simulation process in the FEMTH
results screen. Once the analysis has been completed, the @RISK user interface provides the
user with the detailed results from the simulation, not only in graphical charts, but also as a
detailed statistical database for all the variables in the model. The graphic results as well as the
detailed statistics can be easily brought back into Excel for further analysis, database creation, or
simply for presentation in user customized reports or charts.

SUMMARY

Assessing the overall project risk demands describing realistically the variability
associated with the inputs to the analysis, a task that is partly quantitative and partly subjective.
The context in which toll road projects exist, within a larger transportation system with
competing modes, and within the strategic economic plan of a state, region, or nation must be
well understood in order to reasonably describe the variables influencing their behavior and
hence, their feasibility. Chapter 2 situated the reader in this macroeconomic transportation
framework, and Chapter 3 provided an understanding of the origination of a toll highway and
other essential BOT project concepts. Chapters 4 and 5 set the project lifecycle stage at which
the FEMTH is intended to be used, and familiarized the reader with the feasibility and risk
analysis concepts used for project evaluation.

Chapter 6 discussed the development of the FEMTH from a theoretical concept to its
final application and incorporation of risk analysis in a computer model. This chapter also
described all the feasibility evaluation input variables and their proposed probabilistic
description as well as the incorporation of Orozco’s toll-traffic demand model to predict the one
of the model’s most important variable, traffic.

Chapter 7 brought to light the recent experience with the BOT concept for toll roads in
Mexico, which provided extensive data for this research. Its problematic nature illustrated the
importance of a realistic feasibility and risk evaluation, and exemplified the high impact that risk
can have in this type of project. In addition, this chapter described in detail Orozco’s toll-traffic
demand model within the context of the Mexican toll road network. Finally, Chapter 8 applied
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the FEMTH to two case studies in the Mexican network, demonstrating that the results yielded
by both the FEMTH and the toll-traffic demand model were fairly reliable when compared to
actual performance of the case studies.

CONCLUSIONS

It is felt that the following are the two major contributions produced by this study:

1. The development of a toll highway pre-project planning tool which integrates probabilistic
risk analysis and simulation concepts that were not of practical use before into an affordable
and easy to use computer model. According to the Construction Industry Institute (CII) pre-
project planning concept discussed in Chapter 4, this tool would bridge the evaluate
alternatives and analyze project risks functions within the pre-project planning process.

2. The development of a conceptual and mathematical representation of the major variables that
affect the financial outcome of a toll highway project and their interaction, particularly
through the incorporation of a reliable toll-traffic demand model. Being revenue (tolls times
traffic), one of the most critical variables in a toll highway project, the toll-traffic demand
model developed by Orozco (1997) rounds up the computer model by providing reliable
estimates of toll-traffic. The results from Orozco’s research were also used to establish
preliminary probability distribution functions of these estimates.

On the other hand, the major conclusions drawn from this study are the following:

1. Risk is present in all the stages of a toll highway project, as Levy states, “Risk is an intrinsic
part of the BOT concept” (Levy, 1996). The application of the risk analysis methodology
and computer simulation can effectively assess the financial risk associated with a toll
highway in its early stages, and lead to better investment decisions.

2. The application of the FEMTH before a decision on whether to commit the resources for the
project is made, that is, before it is finally authorized for detailed design and construction,
can lead to a total reconfiguration of the project or its definitive abandonment. The results
yielded by the FEMTH can expose and measure the specific weaknesses of a project. If
these weaknesses can be re-assessed, by a reduction in project scope or a change in the
design strategy, a marginally risky project can be turned into a profitable investment.

3. The results of the FEMTH can definitely point out the most critical areas for the risk
management strategy of a toll road project. One of the most important characteristics of a
successful toll road concession agreement is an adequate allocation of risks among the parties
involved. Recognizing the risks involved and their magnitude at the early stages of a project
can help in identifying the party more capable of bearing them, significantly reducing the
probability of future disputes and claims.

4. Host governments can also benefit from the use of the FEMTH. The results yielded by the
model can help governments establish the amount of financial support granted to those
projects that are socially needed but not commercially profitable if the total investment was
to be made privately. In this manner, a financially constrained government can leverage its
infrastructure construction funds by two or threefold, fostering the general economic
prosperity of the region, as explained in Chapter 5.
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LIMITATIONS OF THE RESEARCH

The level of detail of the input data required for the FEMTH corresponds to the
conceptual planning stage of the project, that is, before the project is authorized for detailed
design. This is due in part to the lack of availability of highly detailed data found for this
research. Although Mexican authorities and concessionaires were always willing to cooperate,
the data was gathered during the very difficult period of the restructuring and rescue of the toll
highway program, which made it difficult for them to release sensitive information. However, it
is at the conceptual planning stage when the feasibility and risk analysis can have the greatest
impact, as shown by CII’s project influence curve in Chapter 4.

The FEMTH was developed with a focus towards inter-city toll roads and the type of
concession agreement described here. Toll roads within urban areas or congestion relievers pose
a more complicated revenue structure, since the toll prices vary according to the time of the day,
the number of passengers, etc. Besides, the toll-traffic demand model was developed also based
upon inter-city roads and for a certain range of values at a network level, since the few urban
roads from the Mexican toll road network showed a completely different behavior. Thus, the
results yielded by both models should not be extrapolated to cases that are evidently outside
these categories.

In summary, the general procedure for the risk analysis of toll highways has been set
forth in this research. The FEMTH and the toll-traffic demand model are not universal. When
the conditions established here change, the model must be adapted accordingly based upon the
specific characteristics of each project and concession agreement and of course, actualized toll-
traffic demand data.

RECOMMENDATIONS FOR FUTURE RESEARCH

As the experience with toll roads increases, and more data becomes available, the level of
detail and the accuracy of both, the FEMTH and the toll-traffic demand model can definitely be
improved. Once a more extensive historical database can be established, better probability
distribution functions for the input variables can be obtained, the correlation among the model
variables can be established with more accuracy, and the toll-traffic demand model can be re-
calibrated even at the project level.

Such an endeavor would require a cooperative effort from host governments, financiers,
concessionaires, and contractors to share information and develop a truly comprehensive and
collective database that would allow a more comprehensive analysis of all these variables. This
would benefit all the parties involved, increasing the potential for further development of the
BOT concept. Governments and society in general would benefit from expanded infrastructure
stock, financiers and concessionaires from more secure and profitable investments, and
contractors from increased work. The authors envision the end result of this effort as a form of
Project Definition Rating Index (PDRI) for toll highways, such as that developed by CII for
industrial facilities (CII, 1995).

Finally, the FEMTH can be substantially improved from a computer software standpoint,
being developed as an individual piece of software and adding more database and data sharing
capabilities. Due to the complexity of the FEMTH itself and the fact that the simulation software
is run using other major software as a platform, the simulation process consumes a large amount
of computer resources which slows down the speed of analysis. The FEMTH should be
programmed as an integral piece of software with an improved interface and advanced database
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capabilities that take full advantage of the currently available computer systems. The FEMTH,
its methodology and structure and the software tools are there to be used.
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APPENDIX A.

SUMMARY OF ECONOMIC AND FINANCIAL INDICATORS

Al

A2

A3

A4

A5

NOMINAL AND REAL LONG-TERM U.S. TREASURY BOND YIELD
AND PRIME INTEREST RATE (1966-1998)

STATISTICS AND BESTFIT ANALYSIS RESULTS FOR THE LONG-
TERM U.S. TREASURY BOND REAL YIELD AND THE PRIME REAL
INTEREST RATE (1966-1998)

NOMINAL AND REAL LONDON INTERBANK OFFERED RATE
(LIBOR) (1983-1998)

STATISTICS AND BESTFIT ANALYSIS RESULTS FOR THE LIBOR
(1983-1998)

SIMULATION ANALYSIS USED TO ARRIVE AT THE VARIABLE
DISCOUNT RATE
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A.1 NOMINAL AND REAL LONG-TERM U.S. TREASURY BOND YIELD
AND PRIME INTEREST RATE (1966-1998)

Source Data: Board of Governors of the U.S. Federal Reserve System (1998)
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APPENDIX A1
NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES

Monthly Data (1966-1998)

Month / | Inflation in | Nominal Long Term | Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate [ Interest Rate
Jan-66 1.90% 4.52% 2.57% 5.00% 3.04%
Feb-66 2.53% 4.71% 212% 5.00% 2.41%
Mar-66 2.52% 4.72% 2.14% 5.35% 2.76%
Apr-66 2.83% 4.65% 1.77% 5.50% 2.60%
May-66 2.83% 4.69% 1.81% 5.50% 2.60%
Jun-66 2.50% 4.73% 2.18% 5.52% 2.95%
Jul-66 2.81% 4.84% 1.98% 5.75% 2.86%
Aug-66 3.42% 4.95% 1.48% 5.88% 2.38%
Sep-66 3.42% 4.94% 1.47% 6.00% 2.49%
Oct-66 3.72% 4.83% 1.07% 6.00% 2.20%
Nov-66 3.72% 4.87% 1.11% 6.00% 2.20%
Dec-66 3.40% 4.76% 1.31% 6.00% 2.51%
Jan-67 3.40% 4.51% 1.07% 5.96% 2.48%
Feb-67 2.77% 4.61% 1.79% 5.75% 2.90%
Mar-67 2.77% 4.56% 1.75% 5.71% 2.87%
Apr-67 2.45% 4.64% 2.14% 5.50% 2.98%
May-67 2.75% 4.90% 2.09% 5.50% 2.68%
Jun-67 2.74% 4.99% 2.19% 5.50% 2.69%
Jul-67 2.73% 5.01% 2.22% 5.50% 2.69%
Aug-67 2.42% 5.12% 2.64% 5.50% 3.01%
Sep-67 2.72% 5.16% 2.38% 5.50% 2.71%
Oct-67 2.40% 5.36% 2.89% 5.50% 3.02%
Nov-67 2.70% 5.66% 2.88% 5.68% 2.90%
Dec-67 2.99% 5.59% 2.52% 6.00% 2.92%
Jan-68 3.58% 5.39% 1.75% 6.00% 2.33%
Feb-68 3.88% 5.38% 1.45% 6.00% 2.05%
Mar-68 3.86% 5.59% 1.66% 6.00% 2.06%
Apr-68 3.85% 5.46% 1.55% 6.20% 2.26%
May-68 3.84% 5.55% 1.65% 6.50% 2.56%
Jun-68 4.12% 5.40% 1.23% 6.50% 2.29%
Jul-68 4.39% 5.29% 0.86% 6.50% 2.02%
Aug-68 4.38% 5.23% 0.81% 6.50% 2.03%
Sep-68 4.37% 5.28% 0.87% 6.45% 2.00%
Oct-68 4.64% 5.44% 0.77% 6.25% 1.54%
Nov-68 4.63% 5.56% 0.89% 6.25% 1.55%
Dec-68 4.61% 5.88% 1.21% 6.60% 1.90%
Jan-69 4.30% 5.99% 1.62% 6.95% 2.54%
Feb-69 4.57% 6.11% 1.47% 7.00% 2.32%
Mar-69 5.11% 6.22% 1.05% 7.24% 2.02%
Apr-69 5.38% 6.03% 0.62% 7.50% 2.02%
May-69 5.36% 6.11% 0.71% 7.50% 2.03%
Jun-69 5.33% 6.28% 0.90% 8.23% 2.75%
Jul-69 5.30% 6.27% 0.92% 8.50% 3.04%
Aug-69 5.56% 6.22% 0.63% 8.50% 2.79%
Sep-69 5.54% 6.55% 0.96% 8.50% 2.80%
Oct-69 5.51% 6.49% 0.93% 8.50% 2.83%
Nov-69 5.76% 6.74% 0.92% 8.50% 2.59%
Dec-69 6.01% 6.91% 0.85% 8.50% 2.35%
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APPENDIX A.1 (Cont.)
NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES
Monthly Data (1966-1998)

Month / | Inflation in | Nominal Long Term Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate | Interest Rate
Jan-70 6.00% 6.92% 0.87% 8.50% 2.36%
Feb-70 5.96% 6.67% 0.67% 8.50% 2.39%
Mar-70 5.65% 6.72% 1.01% 8.39% 2.59%
Apr-70 5.88% 6.85% 0.91% 8.00% 2.00%
May-70 5.87% 7.24% 1.30% 8.00% 2.01%
Jun-70 5.84% 7.34% 1.42% 8.00% 2.04%
Jul-70 5.81% 6.92% 1.05% 8.00% 2.07%
Aug-70 5.26% 7.07% 1.72% 8.00% 2.60%
Sep-70 5.51% 6.88% 1.30% 7.83% 2.20%
Oct-70 5.48% 6.88% 1.33% 7.50% 1.92%
Nov-70 5.45% 6.58% 1.07% 7.28% 1.74%
Dec-70 5.42% 6.28% 0.82% 6.92% 1.42%
Jan-71 5.16% 6.18% 0.97% 6.29% 1.08%
Feb-71 4.88% 6.14% 1.20% 5.88% 0.95%
Mar-71 4.60% 5.94% 1.28% 5.44% 0.80%
Apr-71 4.07% 6.00% 1.85% 5.28% 1.16%
May-71 4.31% 6.32% 1.93% 5.46% 1.10%
Jun-71 4.53% 6.38% 1.77% 5.50% 0.92%
Jul-71 4.27% 6.38% 2.03% 5.91% 1.58%
Aug-71 4.51% 6.27% 1.68% 6.00% 1.42%
Sep-71 4.00% 6.05% 1.97% 6.00% 1.92%
Oct-71 3.74% 5.92% 2.10% 5.90% 2.09%
Nov-71 3.23% 5.86% 2.55% 5.53% 2.23%
Dec-71 3.21% 6.00% 2.70% 5.49% 2.21%
Jan-72 3.21% 6.01% 2.71% 5.18% 1.90%
Feb-72 3.45% 6.06% 2.52% 4.75% 1.26%
Mar-72 3.44% 6.06% 2.53% 4.75% 1.27%
Apr-72 3.43% 6.16% 2.64% 4.97% 1.49%
May-72 3.17% 6.07% 2.81% 5.00% 1.77%
Jun-72 2.67% 6.01% 3.25% 5.04% 2.31%
Jul-72 2.91% 6.01% 3.02% 5.25% 2.28%
Aug-72 2.90% 5.94% 2.96% 5.27% 2.30%
Sep-72 3.14% 6.05% 2.82% 5.50% 2.29%
Oct-72 3.37% 6.00% 2.55% 5.73% 2.29%
Nov-72 3.60% 5.79% 2.11% 5.75% 2.07%
Dec-72 3.35% 5.96% 2.53% 5.79% 2.36%
Jan-73 3.58% 6.78% 3.08% 6.00% 2.33%
Feb-73 3.80% 6.88% 2.97% 6.02% 2.14%
Mar-73 4.49% 6.91% 2.32% 6.30% 1.73%
Apr-73 4.94% 6.86% 1.83% 6.61% 1.59%
May-73 5.38% 6.99% 1.53% 7.01% 1.55%
Jun-73 5.82% 7.06% 1.17% 7.49% 1.58%
Jul-73 5.57% 7.29% 1.63% 8.30% 2.59%
Aug-73 7.12% 7.61% 0.46% 9.23% 1.97%
Sep-73 7.10% 7.25% 0.14% 9.86% 2.57%
Oct-73 7.51% 7.18% -0.31% 9.94% 2.26%
Nov-73 7.93% 7.30% -0.59% 9.75% 1.68%
Dec-73 8.35% 7.29% -0.98% 9.75% 1.29%
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APPENDIX A.1 (Cont.)
NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES
Mon_thly Data (1966-1998)

Month / | Inflation in | Nominal Long Term Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate | Interest Rate
Jan-74 8.97% 7.47% -1.38% 9.73% 0.69%
Feb-74 9.55% 7.46% -1.91% 9.21% -0.31%
Mar-74 9.89% 7.73% -1.96% 8.85% -0.94%
Apr-74 9.61% 8.01% -1.46% 10.02% 0.37%
May-74 10.17% 8.14% -1.84% 11.25% 0.98%
Jun-74 10.31% 8.10% -2.00% 11.54% 1.12%
Jul-74 10.90% 8.26% -2.38% 11.97% 0.97%
Aug-74 10.31% 8.60% -1.55% 12.00% 1.53%
Sep-74 11.29% 8.59% -2.42% 12.00% 0.64%
Oct-74 11.39% 8.37% -2.71% 11.68% 0.26%
Nov-74 11.51% 7.98% -3.17% 10.83% -0.61%
Dec-74 11.63% 7.91% -3.34% 10.50% -1.02%
Jan-75 11.16% 7.88% -2.95% 10.05% -1.00%
Feb-75 10.64% 7.71% -2.65% 8.96% -1.52%
Mar-75 9.76% 7.99% -1.61% 7.93% -1.67%
Apr-75 9.72% 8.36% -1.24% 7.50% -2.02%
May-75 9.04% 8.22% -0.76% 7.40% -1.51%
Jun-75 8.97% 8.04% -0.86% 7.07% -1.75%
Jul-75 9.27% 8.17% -1.01% 7.15% -1.94%
Aug-75 8.25% 8.50% 0.23% 7.66% -0.55%
Sep-75 7.61% 8.57% 0.89% 7.88% 0.25%
Oct-75 717% 8.35% 1.10% 7.96% 0.73%
Nov-75 7.12% 8.28% 1.08% 7.53% 0.38%
Dec-75 6.71% 8.23% 1.43% 7.26% 0.52%
Jan-76 6.50% 8.01% 1.42% 7.00% 0.47%
Feb-76 6.10% 8.03% 1.82% 6.75% 0.62%
Mar-76 5.89% 7.97% 1.96% 6.75% 0.81%
Apr-76 5.87% 7.86% 1.88% 6.75% 0.83%
May-76 6.02% 8.13% 1.99% 6.75% 0.69%
Jun-76 5.80% 8.03% 211% 7.20% 1.32%
Jul-76 5.21% 8.00% 2.65% 7.25% 1.94%
Aug-76 5.55% 7.91% 2.23% 7.01% 1.38%
Sep-76 5.35% 7.78% 2.31% 7.00% 1.57%
Oct-76 5.32% 7.70% 2.26% 6.77% 1.38%
Nov-76 4.77% 7.64% 2.74% 6.50% 1.65%
Dec-76 4.75% 7.30% 2.43% 6.35% 1.53%
Jan-77 5.08% 7.48% 2.28% 6.25% 1.11%
Feb-77 5.75% 7.75% 1.90% 6.25% 0.48%
Mar-77 6.24% 7.80% 1.47% 6.25% 0.01%
Apr-77 6.72% 7.73% 0.95% 6.25% -0.44%
May-77 6.51% 7.80% 1.21% 6.41% -0.09%
Jun-77 6.64% 7.64% 0.94% 6.75% 0.10%
Jul-77 6.61% 7.64% 0.97% 6.75% 0.13%
Aug-77 6.41% 7.68% 1.19% 6.83% 0.39%
Sep-77 6.39% 7.64% 1.18% 7.13% 0.70%
Oct-77 6.19% 7.77% 1.48% 7.52% 1.25%
Nov-77 6.51% 7.85% 1.26% 7.75% 1.17%
Dec-77 6.49% 7.94% 1.37% 7.75% 1.19%
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APPENDIX A.1 (Cont.)

NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES

Monthly Data (1966-1998)

Month / | Inflation in | Nominal Long Term Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate | Interest Rate
Jan-78 6.61% 8.18% 1.47% 7.93% 1.23%
Feb-78 6.23% 8.25% 1.90% 8.00% 1.66%
Mar-78 6.35% 8.23% 1.77% 8.00% 1.55%
Apr-78 6.30% 8.34% 1.92% 8.00% 1.60%
May-78 6.73% 8.43% 1.59% 8.27% 1.44%
Jun-78 7.15% 8.50% 1.26% 8.63% 1.38%
Jul-78 7.42% 8.65% 1.14% 9.00% 1.47%
Aug-78 7.55% 8.47% 0.85% 9.01% 1.36%
Sep-78 7.98% 8.47% 0.45% 9.41% 1.33%
Oct-78 8.55% 8.67% 0.11% 9.94% 1.28%
Nov-78 8.51% 8.75% 0.22% 10.94% 2.24%
Dec-78 8.63% 8.88% 0.23% 11.55% 2.68%
Jan-79 8.87% 8.94% 0.06% 11.75% 2.64%
Feb-79 9.40% 9.00% -0.37% 11.75% 2.15%
Mar-79 9.62% 9.03% -0.54% 11.75% 1.95%
Apr-79 9.97% 9.08% -0.81% 11.75% 1.62%
May-79 10.30% 9.19% -1.01% 11.75% 1.31%
Jun-79 10.34% 8.92% -1.28% 11.65% 1.19%
Jul-79 10.67% 8.93% -1.57% 11.54% 0.78%
Aug-79 11.17% 8.98% -1.97% 11.91% 0.67%
Sep-79 11.49% 9.17% -2.08% 12.90% 1.26%
Oct-79 11.40% 9.85% -1.39% 14.39% 2.69%
Nov-79 11.88% 10.30% -1.41% 15.55% 3.28%
Dec-79 12.48% 10.12% -2.10% 15.30% 2.51%
Jan-80 13.02% 10.60% -2.14% 15.25% 1.97%
Feb-80 13.26% 12.13% -1.00% 15.63% 2.09%
Mar-80 13.76% 12.34% -1.25% 18.31% 4.00%
Apr-80 13.74% 11.40% -2.06% 19.77% 5.30%
May-80 13.46% 10.36% -2.73% 16.57% 2.74%
Jun-80 13.44% 9.81% -3.20% 12.63% -0.71%
Jul-80 12.34% 10.24% -1.87% 11.48% -0.76%
Aug-80 12.11% 11.00% -0.99% 11.12% -0.88%
Sep-80 11.87% 11.34% -0.47% 12.23% 0.32%
Oct-80 12.01% 11.59% -0.38% 13.79% 1.59%
Nov-80 11.91% 12.37% 0.41% 16.06% 3.71%
Dec-80 11.79% 12.40% 0.54% 20.35% 7.65%
Jan-81 11.18% 12.14% 0.87% 20.16% 8.08%
Feb-81 10.80% 12.80% 1.80% 19.43% 7.79%
Mar-81 9.97% 12.69% 2.47% 18.05% 7.34%
Apr-81 9.53% 13.20% 3.35% 17.15% 6.96%
May-81 9.33% 13.60% 3.90% 19.61% 9.40%
Jun-81 9.12% 12.96% 3.52% 20.03% 9.99%
Jul-81 10.22% 13.59% 3.06% 20.39% 9.23%
Aug-81 10.26% 14.17% 3.55% 20.50% 9.29%
Sep-81 10.39% 14.67% 3.87% 20.08% 8.77%
Oct-81 9.66% 14.68% 4.58% 18.45% 8.02%
Nov-81 9.16% 13.35% 3.84% 16.84% 7.04%
Dec-81 8.55% 13.45% 4.52% 15.75% 6.64%
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APPENDIX A1 (Cont.)
NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES
Monthly Data (1966-1998)

Month / | Inflation in | Nominal Long Term Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate | Interest Rate
Jan-82 8.06% 14.22% 5.70% 15.75% 7.12%
Feb-82 7.35% 14.22% 6.40% 16.56% 8.58%
Mar-82 6.56% 13.53% 6.54% 16.50% 9.33%
Apr-82 6.31% 13.37% 6.64% 16.50% 9.59%
May-82 6.47% 13.24% 6.36% 16.50% 9.42%
Jun-82 6.83% 13.92% 6.64% 16.50% 9.06%
Jul-82 6.24% 13.55% 6.88% 16.26% 9.43%
Aug-82 5.69% 12.77% 6.70% 14.39% 8.24%
Sep-82 4.92% 12.07% 6.81% 13.50% 8.18%
Oct-82 5.01% 11.17% 5.86% 12.52% 7.15%
Nov-82 4.49% 10.54% 5.79% 11.85% 7.05%
Dec-82 3.76% 10.54% 6.54% 11.50% 7.46%
Jan-83 3.64% 10.63% 6.74% 11.50% 7.58%
Feb-83 3.43% 10.88% 7.20% 11.45% 7.76%
Mar-83 3.53% 10.63% 6.85% 11.00% 7.21%
Apr-83 3.82% 10.48% 6.41% 11.00% 6.91%
May-83 3.49% 10.53% 6.81% 11.55% 7.79%
Jun-83 2.54% 10.93% 8.18% 10.50% 7.76%
Jul-83 2.43% 11.40% 8.76% 10.50% 7.88%
Aug-83 2.53% 11.82% 9.06% 10.89% 8.16%
Sep-83 2.82% 11.63% 8.57% 11.00% 7.96%
Oct-83 2.81% 11.58% 8.53% 11.00% 7.96%
Nov-83 3.21% 11.75% 8.27% 11.00% 7.54%
Dec-83 3.72% 11.88% 7.87% 11.00% 7.02%
Jan-84 4.11% 11.75% 7.34% 11.00% 6.62%
Feb-84 4.49% 11.95% 7.14% 11.00% 6.23%
Mar-84 4.69% 12.38% 7.35% 11.50% 6.51%
Apr-84 4.46% 12.65% 7.84% 12.00% 7.22%
May-84 4.15% 13.43% 8.91% 12.50% 8.02%
Jun-84 4.13% 13.44% 8.94% 13.00% 8.51%
Jul-84 4.12% 13.21% 8.73% 13.00% 8.53%
Aug-84 4.20% 12.54% 8.00% 13.00% 8.44%
Sep-84 4.18% 12.29% 7.78% 12.75% 8.22%
Oct-84 4.17% 11.98% 7.50% 12.50% 8.00%
Nov-84 3.97% 11.56% 7.30% 11.25% 7.00%
Dec-84 3.87% 11.52% 7.36% 10.75% 6.62%
Jan-85 3.47% 11.45% 7.71% 10.50% 6.79%
Feb-85 3.46% 11.47% 7.75% 10.50% 6.81%
Mar-85 3.64% 11.81% 7.89% 10.50% 6.62%
Apr-85 3.62% 11.47% 7.58% 10.50% 6.64%
May-85 3.70% 11.05% 7.09% 10.00% 6.07%
Jun-85 3.69% 10.45% 6.52% 9.50% 5.60%
Jul-85 3.49% 10.50% 6.77% 9.50% 5.80%
Aug-85 3.29% 10.56% 7.03% 9.50% 6.01%
Sep-85 3.09% 10.61% 7.29% 9.50% 6.21%
Oct-85 3.18% 10.50% 7.10% 9.50% 6.13%
Nov-85 3.45% 10.06% 6.39% 9.50% 5.84%
Dec-85 3.73% 9.54% 5.60% 9.50% 5.56%
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NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES
Monthly Data (1966-1998)

Month / | Inflation in | Nominal Long Term Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate | Interest Rate
Jan-86 3.81% 9.40% 5.38% 9.50% 5.48%
Feb-86 3.07% 8.93% 5.69% 9.50% 6.24%
Mar-86 2.23% 7.96% 5.60% 9.00% 6.62%
Apr-86 1.58% 7.39% 5.72% 8.50% 6.81%
May-86 1.48% 7.52% 5.95% 8.50% 6.92%
Jun-86 1.75% 7.57% 5.72% 8.50% 6.63%
Jul-86 1.56% 7.27% 5.62% 8.00% 6.34%
Aug-86 1.56% 7.33% 5.68% 7.50% 5.85%
Sep-86 1.74% 7.62% 5.78% 7.50% 5.66%
Oct-86 1.46% 7.70% 6.15% 7.50% 5.95%
Nov-86 1.28% 7.52% 6.17% 7.50% 6.15%
Dec-86 1.09% 7.37% 6.21% 7.50% 6.34%
Jan-87 1.45% 7.39% 5.86% 7.50% 5.96%
Feb-87 2.08% 7.54% 5.35% 7.50% 5.31%
Mar-87 2.99% 7.55% 4.43% 7.50% 4.38%
Apr-87 3.71% 8.25% 4.38% 7.75% 3.90%
May-87 3.78% 8.78% 4.81% 8.25% 4.30%
Jun-87 3.59% 8.57% 4.81% 8.25% 4.50%
Jul-87 3.85% 8.64% 4.61% 8.25% 4.24%
Aug-87 4.20% 8.97% 4.58% 8.25% 3.89%
Sep-87 4.26% 9.59% 5.11% 8.75% 4.30%
Oct-87 4.43% 9.61% 4.96% 9.00% 4.37%
Nov-87 4.43% 8.95% 4.33% 8.75% 4.14%
Dec-87 4.34% 9.12% 4.58% 8.75% 4.23%
Jan-88 3.97% 8.83% 4.68% 8.75% 4.60%
Feb-88 3.87% 8.43% 4.39% 8.50% 4.46%
Mar-88 3.85% 8.63% 4.60% 8.50% 4.48%
Apr-88 3.83% 8.95% 4.93% 8.50% 4.50%
May-88 3.82% 9.23% 5.21% 9.00% 4.99%
Jun-88 3.89% 9.00% 4.92% 9.00% 4.92%
Jul-88 4.05% 9.14% 4.89% 9.50% 5.24%
Aug-88 3.94% 9.32% 5.17% 10.00% 5.83%
Sep-88 4.09% 9.06% 4.78% 10.00% 5.68%
Oct-88 4.16% 8.89% 4.54% 10.00% 5.60%
Nov-88 4.16% 9.02% 4.67% 10.00% 5.61%
Dec-88 4.32% 9.01% 4.49% 10.50% 5.92%
Jan-89 4.56% 8.93% 4.18% 10.50% 5.68%
Feb-89 4.71% 9.01% 4.10% 11.50% 6.48%
Mar-89 4.86% 9.17% 4.11% 11.50% 6.33%
Apr-89 5.00% 9.03% 3.84% 11.50% 6.19%
May-89 5.22% 8.83% 3.43% 11.50% 5.97%
Jun-89 5.04% 8.27% 3.07% 11.00% 5.67%
Jul-89 4.86% 8.08% 3.07% 10.50% 5.38%
Aug-89 4.60% 8.12% 3.37% 10.50% 5.64%
Sep-89 4.25% 8.15% 3.74% 10.50% 6.00%
Oct-89 4.39% 8.00% 3.45% 10.50% 5.85%
Nov-89 4.55% 7.90% 3.20% 10.50% 5.69%
Dec-89 4.54% 7.90% 3.21% 10.50% 5.70%
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NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES
Monthly Data (1966-1998)

Month / | Inflation in | Nominal Long Term Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate | Interest Rate
Jan-90 5.07% 8.26% 3.03% 10.00% 4.69%
Feb-90 5.13% 8.50% 3.21% 10.00% 4.63%
Mar-90 5.10% 8.56% 3.29% 10.00% 4.66%
Apr-90 4.60% 8.76% 3.97% 10.00% 5.16%
May-90 4.27% 8.73% 4.28% 10.00% 5.50%
Jun-90 4.57% 8.46% 3.72% 10.00% 5.19%
Jul-90 4.71% 8.50% 3.62% 10.00% 5.05%
Aug-90 5.47% 8.86% 3.22% 10.00% 4.30%
Sep-90 5.98% 9.03% 2.88% 10.00% 3.80%
Oct-90 6.10% 8.86% 2.60% 10.00% 3.68%
Nov-90 6.09% 8.54% 2.31% 10.00% 3.69%
Dec-90 5.93% 8.24% 2.18% 9.50% 3.37%
Jan-91 5.50% 8.27% 2.63% 9.50% 3.79%
Feb-91 5.18% 8.03% 2.71% 9.00% 3.64%
Mar-91 4.78% 8.29% 3.35% 9.00% 4.03%
Apr-91 4.77% 8.21% 3.28% 9.00% 4.04%
May-91 4.83% 8.27% 3.28% 8.50% 3.50%
Jun-91 4.59% 8.47% 3.71% 8.50% 3.74%
Jul-91 4.35% 8.45% 3.93% 8.50% 3.98%
Aug-91 3.73% 8.14% 4.25% 8.50% 4.60%
Sep-91 3.33% 7.95% 4.47% 8.50% 5.00%
Oct-91 2.88% 7.93% 4.91% 8.00% 4.98%
Nov-91 2.95% 7.92% 4.83% 7.50% 4.42%
Dec-91 3.02% 7.70% 4.54% 6.50% 3.38%
Jan-92 2.57% 7.58% 4.89% 6.50% 3.83%
Feb-92 2.78% 7.85% 4.93% 6.50% 3.62%
Mar-92 3.14% 7.97% 4.69% 6.50% 3.26%
Apr-92 3.13% 7.96% 4.68% 6.50% 3.27%
May-92 2.98% 7.89% 4.77% 6.50% 3.42%
Jun-92 3.04% 7.84% 4.66% 6.50% 3.36%
Jul-92 3.11% 7.60% 4.36% 6.00% 2.80%
Aug-92 3.10% 7.39% 4.16% 6.00% 2.81%
Sep-92 2.94% 7.34% 4.27% 6.00% 2.97%
Oct-92 3.15% 7.53% 4.24% 6.00% 2.76%
Nov-92 3.00% 7.61% 4.47% 6.00% 2.91%
Dec-92 2.86% 7.44% 4.45% 6.00% 3.05%
Jan-93 3.21% 7.34% 4.01% 6.00% 2.71%
Feb-93 3.20% 7.09% 3.77% 6.00% 2.72%
Mar-93 3.04% 6.82% 3.67% 6.00% 2.87%
Apr-93 3.17% 6.85% 3.56% 6.00% 2.74%
May-93 3.17% 6.92% 3.63% 6.00% 2.74%
Jun-93 2.95% 6.81% 3.75% 6.00% 2.96%
Jul-93 2.74% 6.63% 3.79% 6.00% 3.18%
Aug-93 2.73% 6.32% 3.49% 6.00% 3.18%
Sep-93 2.65% 6.00% 3.26% 6.00% 3.26%
Oct-93 2.71% 5.94% 3.14% 6.00% 3.20%
Nov-93 2.64% 6.21% 3.48% 6.00% 3.27%
Dec-93 2.71% 6.25% 3.45% 6.00% 3.20%
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NOMINAL AND REAL LONG TERM U.S. TREASURY BOND YIELD AND PRIME RATES
Monthly Data (1966-1998)

Month / | Inflation in | Nominal Long Term | Real Long Term | Nominal Prime | Real Prime
Year the US US Bond Yield US Bond Yield Interest Rate | Interest Rate
Jan-94 2.49% 6.29% 3.70% 6.00% 3.42%
Feb-94 2.48% 6.49% 3.91% 6.00% 3.43%
Mar-94 2.48% 6.91% 4.33% 6.25% 3.68%
Apr-94 2.33% 7.27% 4.82% 6.75% 4.32%
May-94 2.26% 7.41% 5.03% 7.25% 4.88%
Jun-94 2.46% 7.40% 4.82% 7.25% 4.67%
Jul-94 2.73% 7.58% 4.72% 7.25% 4.40%
Aug-94 2.86% 7.49% 4.50% 7.75% 4.75%
Sep-94 2.92% 7.71% 4.65% 7.75% 4.69%
Oct-94 2.57% 7.94% 5.23% 7.75% 5.05%
Nov-94 2.64% 8.08% 5.30% 8.50% 5.71%
Dec-94 2.64% 7.87% 5.10% 8.50% 5.71%
Jan-95 2.77% 7.85% 4.95% 8.50% 5.58%
Feb-95 2.82% 7.61% 4.66% 9.00% 6.01%
Mar-95 2.81% 7.45% 4.51% 9.00% 6.02%
Apr-95 3.01% 7.36% 4.23% 9.00% 5.82%
May-95 3.14% 6.95% 3.70% 9.00% 5.68%
Jun-95 3.00% 6.57% 3.47% 9.00% 5.83%
Jul-95 2.73% 6.72% 3.89% 8.75% 5.86%
Aug-95 2.58% 6.86% 4.17% 8.75% 6.01%
Sep-95 2.51% 6.55% 3.94% 8.75% 6.09%
Oct-95 2.77% 6.37% 3.50% 8.75% 5.82%
Nov-95 2.57% 6.26% 3.60% 8.75% 6.02%
Dec-95 2.51% 6.06% 3.47% 8.66% 6.00%
Jan-96 2.69% 6.05% 3.27% 8.50% 5.66%
Feb-96 2.62% 6.24% 3.53% 8.25% 5.49%
Mar-96 2.80% 6.60% 3.70% 8.25% 5.30%
Apr-96 2.86% 6.79% 3.83% 8.25% 5.24%
May-96 2.85% 6.93% 3.97% 8.25% 5.25%
Jun-96 2.72% 7.06% 4.23% 8.25% 5.39%
Jul-96 2.91% 7.03% 4.01% 8.25% 5.19%
Aug-96 2.84% 6.84% 3.89% 8.25% 5.26%
Sep-96 2.96% 7.03% 3.95% 8.25% 5.14%
Oct-96 2.95% 6.81% 3.75% 8.25% 5.15%
Nov-96 3.20% 6.48% 3.17% 8.25% 4.89%
Dec-96 3.27% 6.55% 3.18% 8.25% 4.82%
Jan-97 3.00% 6.83% 3.72% 8.25% 5.10%
Feb-97 2.99% 6.69% 3.59% 8.25% 5.11%
Mar-97 2.72% 6.93% 4.09% 8.28% 5.41%
Apr-97 2.46% 7.09% 4.51% 8.50% 5.89%
May-97 2.21% 6.94% 4.63% 8.50% 6.15%
Jun-97 2.27% 6.77% 4.40% 8.50% 6.09%
Jul-97 2.20% 6.51% 4.21% 8.50% 6.16%
Aug-97 2.20% 6.58% 4.29% 8.50% 6.16%
Sep-97 2.13% 6.50% 4.28% 8.50% 6.24%
Oct-97 2.06% 6.33% 4.18% 8.50% 6.31%
Nov-97 1.81% 6.11% 4.22% 8.50% 6.57%
Dec-97 1.69% 5.99% 4.23% 8.50% 6.70%
Jan-98 1.56% 5.81% 4.19% 8.50% 6.83%
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A.2  STATISTICS AND BESTFIT ANALYSIS RESULTS FOR THE LONG-
TERM U.S. TREASURY BOND REAL YIELD AND THE PRIME REAL
INTEREST RATE (1966-1998)
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LONG-TERM U.S. TREASURY BOND
(Data Combined for the 20 and 30-year Bond)

Real Bond Yield | Lognormal Distribution
Parameter 1 (Mean) 4.05
Parameter 2 (Std. Dev.) 4.30
@RISKFormula RiskLognorm(4.05,4.3)
Minimum -0.47
Maximum 9.06
Mean 3.562 4.05
Mode 4.30 1.25
Median 3.47 2.80
Standard Deviation 2.11 4.30
Variance 4.47 18.50
Skewness 0.68 3.72
Kurtosis 2.61 34.92

Table A.1  Statistics of the Long-Term U.S. Treasury Bond Yield (1966-1998) and the BestFit
Lognormal PDF

US Treasury Long-Term Bond Real Yield
PDF vs. Lognormal PDF
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Fig. A.1 Comparison between the US Treasury Long-Term Bond Yield (1966-1998) and the
BestFit Lognormal PDF
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Probability to Probability Comparison
Real Bond Yield and Lognorm(4.05,4.30)

Lognormal

Bond Yield

Fig. A.2 Probability to Probability Comparison between the US Treasury Long Term-Bond

Yield (1966-1998) and the BestFit Lognormal PDF
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REAL PRIME INTEREST RATE

Real Prime Rate | Lognormal Distribution
Parameter 1 (Mean) 442
Parameter 2 (Std. Dev.) 4.36
@RISKFormula RiskLognorm(4.42,4.36)
Minimum 0.01
Maximum 9.99
Mean 4.01 442
Mode 2.51 1.60
Median 3.62 3.15
Standard Deviation 2.35 4.36
Variance 5.53 19.02
Skewness 0.53 3.92
Kurtosis 2.15 39.20

Table A.2  Statistics of the Real Prime Interest Rate (1966-1998) and the BestFit Lognormal

PDF
Real Prime Interest Rate PDF vs.
Lognormal PDF
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Fig. A3 Comparison between the Real Prime Interest Rate (1966-1998) and the BestFit
Lognormal PDF
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Probability to Probability Comparison Between
Real Prime Rate and Lognorm(4.42,4.36)
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Fig. A4 Probability to Probability Comparison between the Real Prime Interest Rate (1966-
1998) and the BestFit Lognormal PDF
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A.3  NOMINAL AND REAL LONDON INTERBANK OFFERED RATE
(LIBOR) (1983-1998)

Source Data: Banco de Informacion Economica del Instituto Nacional de
Estadistica, Geografia e Informatica (1998)
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APPENDIX A.3
NOMINAL AND REAL LONDON INTERBANK OFFERED RATE (LIBOR)
Monthly Data (1983-1998) _

Month / | Inflation in| Nominal Month / | Inflation in| Nominal
Year | the UK uBor |R€LIBORl “year | the UK LiBorR |RealLIBOR
Jan-83 4.90% 9.44% 4.33% Jan-87 3.90% 6.25% 2.26%
Feb-83 5.30% 9.31% 3.81% Feb-87 3.90% 6.44% 2.44%
Mar-83 4.60% 9.25% 4.45% Mar-87 4.00% 6.56% 2.46%
Apr-83 4.00% 9.50% 5.29% Apr-87 4.30% 7.13% 2.71%
May-83 3.70% 10.31% 6.37% May-87 4.20% 7.38% 3.05%
Jun-83 3.70% 10.63% 6.68% Jun-87 4.30% 7.19% 2.77%
Jul-83 4.20% 10.56% 6.10% Jul-87 4.50% 7.00% 2.39%
Aug-83 4.60% 9.94% 5.11% Aug-87 4.50% 7.19% 2.57%
Sep-83 5.10% 9.75% 4.42% Sep-87 4.30% 8.38% 3.91%
Oct-83 5.00% 9.69% 4.47% Oct-87 4.50% 7.63% 3.00%
Nov-83 4.80% 9.94% 4.90% Nov-87 4.10% 8.00% 3.75%
Dec-83 5.30% 9.75% 4.23% Dec-87 3.70% 8.13% 4.27%
Jan-84 5.10% 9.75% 4.42% Jan-88 3.40% 7.00% 3.48%
Feb-84 5.10% 10.19% 4.84% Feb-88 3.30% 6.81% 3.40%
Mar-84 5.20% 10.19% 4.74% Mar-88 3.50% 6.88% 3.27%
Apr-84 5.20% 10.00% 4.56% Apr-88 4.00% 7.31% 3.18%
May-84 5.10% 10.50% 5.14% May-88 4.40% 7.63% 3.09%
Jun-84 5.10% 11.69% 6.27% Jun-88 4.70% 7.81% 2.97%
Jul-84 4.50% 11.88% 7.06% Jul-88 4.80% 8.44% 3.47%
Aug-84 5.00% 11.63% 6.31% Aug-88 5.70% 8.56% 2.71%
Sep-84 4.70% 11.50% 6.49% Sep-88 5.90% 8.63% 2.58%
Oct-84 5.00% 10.38% 5.12% Oct-88 6.40% 8.63% 2.10%
Nov-84 4.90% 9.75% 4.62% Nov-88 6.40% 8.63% 2.10%
Dec-84 4.60% 8.75% 3.97% Dec-88 6.90% 9.31% 2.25%
Jan-85 5.00% 8.50% 3.33% Jan-89 7.50% 9.38% 1.75%
Feb-85 5.40% 8.31% 2.76% Feb-89 7.80% 10.31% 2.33%
Mar-85 6.10% 9.56% 3.26% Mar-89 7.90% 10.31% 2.23%
Apr-85 6.90% 9.13% 2.09% Apr-89 8.00% 9.94% 1.80%
May-85 7.00% 7.88% 0.82% May-89 8.30% 9.56% 1.16%
Jun-85 7.00% 7.81% 0.76% Jun-89 8.30% 9.31% 0.93%
Jul-85 6.90% 8.31% 1.32% Jul-89 8.20% 8.56% 0.33%
Aug-85 6.20% 8.06% 1.75% Aug-89 7.10% 9.00% 1.77%
Sep-85 5.90% 8.25% 2.22% Sep-89 7.60% 9.18% 1.47%
Oct-85 5.40% 8.13% 2.59% Oct-89 7.30% 8.68% 1.29%
Nov-85 5.50% 8.19% 2.55% Nov-89 7.70% 8.50% 0.74%
Dec-85 5.70% 8.06% 2.23% Dec-89 8.00% 8.37% 0.34%
Jan-86 5.50% 8.06% 2.43% Jan-90 7.70% 8.37% 0.62%
Feb-86 5.10% 7.94% 2.70% Feb-90 7.50% 8.37% 0.81%
Mar-86 4.20% 7.44% 3.11% Mar-90 8.10% 8.50% 0.37%
Apr-86 3.00% 6.88% 3.77% Apr-90 9.40% 8.75% -0.59%
May-86 2.80% 7.13% 4.21% May-90 9.70% 8.37% -1.21%
Jun-86 2.50% 6.88% 4.27% Jun-90 9.80% 8.30% -1.37%
Jul-86 2.40% 6.50% 4.00% Jul-90 9.80% 7.98% -1.66%
Aug-86 2.40% 5.81% 3.33% Aug-90 10.60% 8.05% -2.31%
Sep-86 3.00% 6.13% 3.04% Sep-90 10.90% 8.31% -2.34%
Oct-86 3.00% 5.94% 2.85% Oct-90 10.90% 7.80% -2.80%
Nov-86 3.50% 6.13% 2.54% Nov-90 9.70% 8.43% -1.16%
Dec-86 3.70% 6.31% 2.52% Dec-90 9.30% 7.56% -1.59%
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APPENDIX A.3 (Cont.)
NOMINAL AND REAL LONDON INTERBANK OFFERED RATE (LIBOR)
Monthly Data (1983-1998)

Month / | Inflation in| Nominal Month / | Inflation in| Nominal
Year | the UK ueor |R€HBORL "yvear | the UK Ligor |RealLIBOR

Jan-91 9.00% 7.06% -1.78% Jan-95 3.40% 6.31% 2.81%
Feb-91 8.90% 6.88% -1.85% Feb-95 3.40% 6.25% 2.76%
Mar-91 8.20% 6.56% -1.52% Mar-95 3.50% 6.25% 2.66%
Apr-91 6.40% 6.18% -0.21% Apr-95 3.30% 6.19% 2.80%
May-91 5.80% 6.06% 0.25% May-95 3.40% 6.06% 2.57%
Jun-91 5.80% 6.25% 0.43% Jun-95 3.60% 6.06% 2.37%
Jul-91 5.50% 6.06% 0.53% Jul-95 3.50% 5.87% 2.29%
Aug-91 4.70% 5.68% 0.94% Aug-95 3.70% 5.88% 2.10%
Sep-91 4.10% 5.62% 1.46% Sep-95 3.80% 5.95% 2.07%
Oct-91 3.70% 5.63% 1.86% Oct-95 3.20% 5.94% 2.66%
Nov-91 4.30% 5.00% 0.67% Nov-95 3.10% 5.88% 2.70%
Dec-91 4.50% 4.31% -0.18% Dec-95 3.20% 5.63% 2.35%
Jan-92 4.10% 4.19% 0.09% Jan-96 2.80% 5.37% 2.50%
Feb-92 4.10% 4.25% 0.14% Feb-96 2.70% 5.30% 2.53%
Mar-92 4.00% 4.25% 0.24% Mar-96 2.70% 5.47% 2.70%
Apr-92 4.30% 4.06% -0.23% Apr-96 2.50% 5.48% 2.91%
May-92 4.30% 4.06% -0.23% May-96 2.20% 5.50% 3.23%
Jun-92 3.90% 3.94% 0.04% Jun-96 2.10% 5.58% 3.41%
Jul-92 3.70% 3.44% -0.25% Jul-96 2.20% 5.67% 3.40%
Aug-92 3.60% 3.50% -0.10% Aug-96 2.10% 5.52% 3.35%
Sep-92 3.60% 3.19% -0.40% Sep-96 2.10% 5.62% 3.45%
Oct-92 3.60% 3.05% -0.53% Oct-96 2.60% 5.55% 2.88%
Nov-92 3.00% 4.24% 1.20% Nov-96 2.70% 5.50% 2.73%
Dec-92 2.60% 3.31% 0.69% Dec-96 2.40% 5.55% 3.08%
Jan-93 1.70% 3.25% 1.52% Jan-97 2.80% 5.56% 2.68%
Feb-93 1.80% 3.19% 1.37% Feb-97 2.80% 5.51% 2.64%
Mar-93 1.90% 3.19% 1.27% Mar-97 2.60% 5.61% 2.93%
Apr-93 1.30% 3.13% 1.81% Apr-97 2.40% 5.83% 3.35%
May-93 1.30% 3.25% 1.92% May-97 2.60% 5.82% 3.14%
Jun-93 1.20% 3.19% 1.97% Jun-97 3.00% 5.79% 2.71%
Jul-93 1.40% 3.31% 1.88% Jul-97 3.40% 5.75% 2.27%
Aug-93 1.70% 3.25% 1.52% Aug-97 3.50% 5.72% 2.14%
Sep-93 1.80% 3.38% 1.55% Sep-97 3.60% 5.72% 2.05%
Oct-93 1.40% 3.19% 1.77% Oct-97 3.80% 5.77% 1.90%
Nov-93 1.40% 3.50% 2.07% Nov-97 3.70% 5.84% 2.06%
Dec-93 1.90% 3.38% 1.45% Dec-97 3.70% 5.91% 2.13%
Jan-94 2.50% 3.25% 0.73% Jan-98 3.30% 5.64% 2.27%
Feb-94 2.50% 3.75% 1.22%

Mar-94 2.40% 3.88% 1.45%

Apr-94 2.50% 4.00% 1.46%

May-94 2.50% 5.06% 2.50%

Jun-94 2.60% 5.20% 2.53%

Jul-94 2.30% 5.61% 3.24%

Aug-94 2.40% 5.56% 3.09%

Sep-94 2.20% 5.50% 3.23%

Oct-94 2.40% 5.63% 3.15%

Nov-94 2.60% 6.25% 3.56%

Dec-94 2.90% 6.50% 3.50%

194




A4 STATISTICS AND BESTFIT ANALYSIS RESULTS FOR THE LIBOR
(1983-1998)
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REAL LIBOR

Real LIBOR Lognormal Distribution
Parameter 1 (Mean) 2.98
Parameter 2 (Std. Dev.) 2.75
@RISKFormula RiskLognorm(2.98,2.75)
Minimum 0.04
Maximum 7.06
Mean 2.69 2.98
Mode 2.23 1.18
Median 2.58 219
Standard Deviation 1.42 2.75
Variance 2.03 7.56
Skewness 0.88 3.56
Kurtosis 3.54 31.84

Table A.3  Statistics of the LIBOR (1983-1998) and the BestFit Lognormal PDF

Real LIBOR PDF vs. Lognormal PDF
0.35

030 f /N2 N

=== == Real LIBOR
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=
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Fig. A.5 Comparison between the LIBOR (1983-1998) and the BestFit Lognormal PDF
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Probability to Probability Comparison Between
Real LIBOR and Lognorm(4.42,4.36)

Lognormal

0 0.2 04 0.6 0.8
LIBOR Rate

Fig. A.6 Probability to Probability Comparison between the LIBOR (1983-1998) and the

BestFit Lognormal PDF
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A.5 SIMULATION ANALYSIS USED TO ARRIVE AT THE VARIABLE
DISCOUNT RATE
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NOMINAL RETURN
SECURITY MEAN STD DEV LOW HIGH
S&P 500 12.45% 22.28% -29.73% 42.56%
US GOVT BONDS 5.21% 8.00% -8.41% 15.23%
REAL RETURN
SECURITY MEAN STD DEV LOW HIGH
S&P 500 8.96% 22.28% -31.91% 38.14%
US GOVT BONDS 1.95% 8.00% -11.25% 11.66%
LOGNORMAL
SECURITY @RISK PDF Risk Premium = S&P 500 - US Bonds
S&P 500 8.96% Average inflation considered = 3.2% (Rao, 1992)
US GOVT BONDS 1.95% Sources: Goetzmann, 1998 and Rao, 1992
RISK PREMIUM 7.02% Returns over the period 1926-1995

Table A.4 Input Data Considered to Establish an Uncertain Discount Rate with @RISK

S&P 500 Index
0.20 (Output Cell D15)
H=8.86%
015 -~ s=2331% | |

@RISKLognorm(8.86%, 23.31%)

Probability
o
S
|

054N\

0.00 ‘ ‘ ‘ ‘ : ‘ ‘
0 5 10 15 20 25 30 35 40 45
Discount Rate (%)

Fig. A.7 @RISK PDF Simulation Results for the S&P 500 Index (or the Discount Rate Used
in the FEMTH)
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PDF for Risk Free Rate
0.16 (Output Cell D16)
u=1.93%
012 } - | s=817% }--- -]
2
Soosl [\ @RISKLognorm(1.93%, 8.17%)|
[]
o
0.04 }-
0.00 ‘ ‘ ‘
0 2 4 6 8 10 12 14
Average Real Return (%)

Fig. A.8 @RISK PDF Simulation Results for the US Treasury Long Term Bonds (or Risk
Free Rate)

Undiversifiable Risk Premium
(Output Cell D17)
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©
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Fig. A.9 @RISK PDF Simulation Results for the Risk Premium (S&P 500 Index Return —
Risk Free Return)
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SUMMARY OF SIMULATION STATISTICS

Name RISK FREE (26-95)| RISK PREMIUM S&P 500 S&P 500 RISK FREE (26-95)
Description Output Output Output Lognorm(D11,E11) | Lognorm(D12,E12)
Cell D16 D17 D15 D15 D16
Mean = 1.93% 6.94% 8.86% 8.86% 1.93%
Std Deviation = 8.17% 15.40% 23.31% 23.31% 8.17%
Variance = 0.67% 2.37% 5.43% 5.43% 0.67%
Skewness = 28.40 13.62 16.85 16.85 28.40
Kurtosis = 1392.39 460.88 547.31 547.31 1392.39
Errors Calculated = 0 0 0 0 0
Mode = 0.03% 0.29% 0.48% 0.48% 0.03%
5% Perc = 0.03% -3.89% 0.33% 0.33% 0.03%
10% Perc = 0.05% -1.18% 0.54% 0.54% 0.05%
15% Perc = 0.08% -0.32% 0.77% 0.77% 0.08%
20% Perc = 0.11% 0.09% 1.02% 1.02% 0.11%
25% Perc = 0.14% 0.36% 1.30% 1.30% 0.14%
30% Perc = 0.18% 0.68% 1.60% 1.60% 0.18%
35% Perc = 0.24% 1.01% 1.94% 1.94% 0.24%
40% Perc = 0.30% 1.40% 2.34% 2.34% 0.30%
45% Perc = 0.37% 1.84% 2.82% 2.82% 0.37%
50% Perc = 0.46% 2.36% 3.38% 3.38% 0.46%
55% Perc = 0.57% 2.98% 4.00% 4.00% 0.57%
60% Perc = 0.71% 3.73% 4.82% 4.82% 0.71%
65% Perc = 0.88% 4.65% 5.82% 5.82% 0.88%
70% Perc = 1.12% 5.80% 7.02% 7.02% 1.12%
75% Perc = 1.43% 7.43% 8.59% 8.59% 1.43%
80% Perc = 1.90% 9.63% 10.83% 10.83% 1.90%
85% Perc = 2.65% 12.90% 14.12% 14.12% 2.65%
90% Perc = 4.00% 18.74% 20.12% 20.12% 4.00%
95% Perc = 7.64% 32.26% 33.52% 33.52% 7.64%

Table A.5
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APPENDIX B.

TYPICAL BOT RISK ANALYSIS RISK MATRIX AND FLOW
CHART

Courtesy of Baker and McKenzie (1998)
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Fig. B.2 BOT Project Construction Completion Risks Matrix and Flow Chart
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Fig. B.3 BOT Project Operating Risks Matrix and Flow Chart (Courtesy of

Baker and Mackenzie, 1998)
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APPENDIX C.

DATA FOR THE ADJUSTED EXCHANGE RATE INDEX
ANALYSIS (AERI)

Source Data: Banco de Informacion Economica del Instituto Nacional de
Estadistica, Geografia e Informatica (1998) and Board of Governors of the

Federal Reserve System (1998)
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ADJUSTED EXCHANGE RATE INDEX (1990/01 = 100)

NOMINAL 1990/01 |EXCHANGE RATE ERI ADJUSTED FOR
PERIOD | PESOS / (‘1::;0“;'0'51)31%3) PESOS/ | INDEX(ER)) |, egz;olﬁfom USA CPI (AERI)
DOLLAR DOLLAR | (1990/01=100) (1990/01=100)
1-80 0.0228 0.664 0.00015 0.8412 61.07 0.51
2-80 0.0229 0.683 0.00016 0.8449 61.93 0.52
3-80 0.0229 0.683 0.00016 0.8449 62.87 0.53
4-80 0.0228 0.701 0.00016 0.8412 63.58 0.53
5-80 0.0229 0.720 0.00016 0.8449 64.21 0.54
6-80 0.0229 0.720 0.00016 0.8449 64.91 0.55
7-80 0.0230 0.738 0.00017 0.8486 64.91 0.55
8-80 0.0230 0.757 0.00017 0.8486 65.38 0.55
9-80 0.0231 0.775 0.00018 0.8522 65.93 0.56
10-80 | 0.0231 0.775 0.00018 0.8522 66.56 0.57
11-80 | 0.0232 0.794 0.00018 0.8559 67.11 0.57
12-80 | 0.0233 0.812 0.00019 0.8596 67.74 0.58
1-81 0.0234 0.849 0.00020 0.8633 68.29 0.59
2-81 0.0236 0.867 0.00020 0.8707 69.00 0.60
3-81 0.0238 0.886 0.00021 0.8781 69.47 0.61
4-81 0.0240 0.904 0.00022 0.8854 69.94 0.62
5-81 0.0242 0.923 0.00022 0.8928 70.49 0.63
6-81 0.0244 0.923 0.00023 0.9002 71.11 0.64
7-81 0.0246 0.941 0.00023 0.9076 71.90 0.65
8-81 0.0249 0.960 0.00024 0.9186 72.45 0.67
9-81 0.0252 0.978 0.00025 0.9297 73.16 0.68
10-81 | 0.0255 0.997 0.00025 0.9408 73.31 0.69
11-81 | 0.0258 1.015 0.00026 0.9519 73.55 0.70
12-81 | 0.0262 1.052 0.00028 0.9666 73.78 0.71
1-82 0.0266 1.107 0.00029 0.9814 74.02 0.73
2-82 0.0465 1.144 0.00053 1.7156 74.25 1.27
3-82 0.0453 1.181 0.00054 1.6713 74.18 1.24
4-82 0.0461 1.255 0.00058 1.7008 74.49 1.27
5-82 0.0469 1.329 0.00062 1.7303 75.20 1.30
6-82 0.0478 1.384 0.00066 1.7635 76.14 1.34
7-82 0.0486 1.458 0.00071 1.7930 76.53 1.37
8-82 0.0695 1.624 0.00113 2.5641 76.69 1.97
9-82 0.0700 1.717 0.00120 2.5825 76.84 1.98
10-82 | 0.0700 1.790 0.00125 2.5825 77.08 1.99
11-82 | 0.0700 1.883 0.00132 2.5825 76.92 1.99
12-82 | 0.0963 2.086 0.00201 3.5529 76.61 2.72
1-83 0.1005 2.326 0.00234 3.7078 76.77 2.85
2-83 0.1041 2.436 0.00254 3.8406 76.84 2.95
3-83 0.1080 2.566 0.00277 3.9845 76.84 3.06
4-83 0.1119 2.732 0.00306 4.1284 77.39 3.20
5-83 0.1161 2.842 0.00330 4.2833 77.86 3.34
6-83 0.1200 2.953 0.00354 4.4272 78.10 3.46
7-83 0.1237 3.101 0.00384 4.5637 78.41 3.58
8-83 0.1280 3.212 0.00411 4.7224 78.65 3.71
9-83 0.1319 3.322 0.00438 4.8663 79.04 3.85
10-83 | 0.1360 3.433 0.00467 5.0175 79.28 3.98
11-83 | 0.1399 3.618 0.00506 5.1614 79.43 4.10
12-83 | 0.1436 3.784 0.00543 5.2979 79.51 4.21
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ADJUSTED EXCHANGE RATE INDEX (1990/01 = 100)

NOMINAL 1900/01 |EXCHANGE RATE ERT ADJUSTED FOR
PERIOD | PESOS / (‘1::;0“;'0'51)31%3) PESOS/ | INDEX (ER)) |, egz;olﬁ?om USA CPI (AERI)
DOLLAR DOLLAR | (1990/01=100) (1990/01=100)

1-84 0.1479 4.024 0.00595 5.4566 79.98 4.36

2-84 0.1517 4.227 0.00641 5.5968 80.38 4.50

3-84 0.1556 4.411 0.00686 5.7406 80.53 4.62

4-84 0.1596 4614 0.00736 5.8882 80.93 4.77

5-84 0.1636 4.762 0.00779 6.0358 81.16 4.90

6-84 0.1674 4.928 0.00825 6.1760 81.40 5.03

7-84 0.1716 5.094 0.00874 6.3309 81.71 5.17

8-84 0.1756 5.242 0.00920 6.4785 82.03 5.31

9-84 0.1792 5.389 0.00966 6.6113 82.42 5.45

10-84 | 0.1835 5.574 0.01023 6.7700 82.65 5.60

11-84 | 0.1874 5.777 0.01083 6.9139 82.65 5.71

12-84 | 0.1920 6.017 0.01155 7.0836 82.65 5.85
1-85 0.1977 6.460 0.01277 7.2939 82.81 6.04

2-85 0.2025 6.737 0.01364 7.4709 83.20 6.22

3-85 0.2084 6.995 0.01458 7.6886 83.52 6.42

4-85 0.2151 7.217 0.01552 7.9358 83.91 6.66

5-85 0.2216 7.383 0.01636 8.1756 84.22 6.89
6-85 0.2275 7.567 0.01722 8.3933 84.46 7.09
7-85 0.3563 7.826 0.02788 13.1452 84.62 11.12
8-85 0.3381 8.176 0.02764 12.4737 84.77 10.57
9-85 0.3690 8.490 0.03133 13.6137 85.01 11.57
10-85 | 0.4043 8.822 0.03567 14.9161 85.32 12.73
11-85 | 0.4893 9.228 0.04516 18.0520 85.56 15.44
12-85 | 0.4657 9.856 0.04590 17.1813 85.79 14.74
1-86 0.4496 10.724 0.04821 16.5873 86.03 14.27
2-86 0.4702 11.203 0.05268 17.3474 85.79 14.88
3-86 0.4791 11.720 0.05615 17.6757 85.40 15.10
4-86 0.5049 12.329 0.06225 18.6276 85.24 15.88
5-86 0.5362 13.031 0.06987 19.7823 85.48 16.91
6-86 0.6314 13.861 0.08752 23.2946 85.95 20.02
7-86 0.6370 14.544 0.09265 23.5012 85.95 20.20
8-86 0.6847 15.707 0.10755 25.2610 86.11 21.75
9-86 0.7458 16.648 0.12416 27.5152 86.50 23.80
10-86 | 0.8004 17.608 0.14093 29.5296 86.58 25.57
11-86 | 0.8518 18.789 0.16005 31.4259 86.66 27.23
12-86 | 0.9003 20.284 0.18262 33.2153 86.73 28.81
1-87 0.9567 21.927 0.20977 35.2961 87.28 30.81
2-87 1.0217 23.496 0.24006 37.6942 87.60 33.02
3-87 1.0923 25.046 0.27358 40.2988 87.99 35.46
4-87 1.1598 27.243 0.31596 42.7892 88.46 37.85
5-87 1.2357 29.291 0.36195 455894 88.78 40.47
6-87 1.3179 31.414 0.41400 48.6220 89.09 43.32
7-87 1.3891 33.961 0.47175 51.2488 89.32 45.78
8-87 1.4593 36.748 0.53626 53.8388 89.80 48.35
9-87 1.5351 39.166 0.60123 56.6353 90.27 51.12
10-87 | 1.6106 42.433 0.68342 59.4208 90.50 53.78
11-87 | 1.9505 45.792 0.89317 71.9609 90.58 65.18
12-87 | 2.2739 52.547 1.19487 83.8923 90.58 75.99
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ADJUSTED EXCHANGE RATE INDEX (1990/01 = 100)

NOMINAL

1990/01

EXCHANGE RATE

ERI ADJUSTED FOR|

PERIOD | PESOS / (‘1::;0“;'0'51)31%3) PESOS/ | INDEX (ERI) (19‘;5;0‘:2?00) USA CPI (AERI)
DOLLAR DOLLAR | (1990/01=100) (1990/01=100)
1-88 2.2632 60.687 1.37346 83.4975 90.82 75.83
2-88 2.3020 65.744 1.51342 84.9290 91.05 77.33
3-88 2.3300 69.103 1.61010 85.9620 91.44 78.61
4-88 2.3300 71.226 1.65956 85.9620 91.92 79.01
5-88 2.3300 72.610 1.69181 85.9620 92.23 79.28
6-88 2.3300 74.086 1.72621 85.9620 92.62 79.62
7-88 2.3300 75.323 1.75503 85.9620 93.01 79.96
8-88 2.3300 76.024 1.77137 85.9620 93.41 80.29
9-88 2.3300 76.449 1.78126 85.9620 94.03 80.83
10-88 | 2.3300 77.039 1.79502 85.9620 94.35 81.10
11-88 | 2.3300 78.073 1.81910 85.9620 94.43 81.17
12-88 | 2.3300 79.697 1.85695 85.9620 94.58 81.31
1-89 2.3470 81.654 1.91641 86.5892 95.05 82.31
2-89 2.3751 82.761 1.96566 87.6259 95.45 83.64
3-89 2.4044 83.647 2.01121 88.7069 96.00 85.16
4-89 2.4350 84.902 2.06737 89.8358 96.62 86.80
5-89 2.4654 86.083 2.12230 90.9574 97.17 88.39
6-89 2.4961 87.117 2.17453 92.0900 97.41 89.70
7-89 2.5265 87.984 2.22293 93.2116 97.65 91.02
8-89 2.5576 88.834 2.27201 94.3590 97.80 92.29
9-89 2.5881 89.683 2.32107 95.4842 98.12 93.69
10-89 | 2.6185 91.011 2.38313 96.6058 98.59 95.24
11-89 | 2.6489 92.285 2.44454 97.7274 98.82 96.58
12-89 | 2.6793 95.404 2.55616 98.8489 98.98 97.84
1-90 2.7105 100.000 2.71050 100.0000 100.00 100.00
2-90 2.7400 102.270 2.80220 101.0884 100.47 101.56
3-90 2.7695 104.079 2.88247 102.1767 101.02 103.22
4-90 2.7998 105.648 2.95793 103.2946 101.18 104.51
5-90 2.8305 107.494 3.04260 104.4272 101.41 105.90
6-90 2.8572 109.874 3.13933 105.4123 101.96 107.48
7-90 2.8805 111.868 3.22235 106.2719 102.35 108.77
8-90 2.8979 113.769 3.29691 106.9139 103.30 110.44
9-90 2.9077 115.393 3.35529 107.2754 104.16 111.74
10-90 | 2.9212 117.054 3.41939 107.7735 104.79 112.93
1190 | 2.9415 120.155 3.53436 108.5224 105.02 113.97
12-90 | 2.9543 123.957 3.66207 108.9947 105.02 114.47
1-91 2.9668 127.113 3.77120 109.4558 105.65 115.64
2-91 2.9786 129.328 3.85217 109.8912 105.81 116.27
3-91 2.9903 131.174 3.92249 110.3228 105.97 116.90
4-91 3.0026 132.540 3.97964 110.7766 106.12 117.56
5-91 3.0148 133.850 4.03531 111.2267 106.44 118.39
6-91 3.0270 135.253 4.09410 111.6768 106.75 119.22
7-91 3.0392 136.434 4.14651 112.1269 106.91 119.87
8-91 3.0516 137.394 4.19271 112.5844 107.22 120.71
9-91 3.0638 138.760 425132 113.0345 107.69 121.73
10-91 | 3.0761 140.384 431835 113.4883 107.85 122.40
11-91 | 3.0872 143.854 4.44106 113.8978 108.16 123.20
12-91 | 3.0932 147.250 455473 114.1192 108.24 123.52
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ADJUSTED EXCHANGE RATE INDEX (1990/01 = 100)

NOMINAL 1900/01 |EXCHANGE RATE ERT ADJUSTED FOR
PERIOD | PESOS / (‘1::;0“;'0'51)31%3) PESOS/ | INDEX (ER)) |, egz;olﬁ?om USA CPI (AERI)
DOLLAR DOLLAR | (1990/01=100) (1990/01=100)
1-92 3.1026 149.926 2.65161 114.4660 108.40 124.08
2-92 3.1082 151.698 4.71508 114.6726 108.79 124.75
3-92 3.1146 153.248 4.77308 114.9087 109.34 125.64
4-92 3.1206 154.614 4.82489 115.1300 109.50 126.06
5-92 3.1264 155.629 4.86560 115.3440 109.65 126.48
6-92 3.1328 156.681 4.90852 115.5802 110.05 127.19
7-92 3.1390 157.678 4.94952 115.8089 110.28 127.72
8-92 3.1452 158.638 4.98948 116.0376 110.60 128.33
9-92 3.1512 160.022 5.04262 116.2590 110.91 128.94
10-92 | 3.1592 161.166 5.09157 116.5541 111.30 129.73
1192 | 3.1716 162.514 5.15429 117.0116 111.46 130.42
12:92 | 3.1718 164.821 5.22779 117.0190 111.38 130.34
1-93 3.1910 166.888 5.32540 117.7274 111.93 131.77
2-93 3.2019 168.254 5.38732 118.1295 112.32 132.69
3-93 3.2139 169.232 5.43895 118.5722 112.72 133.65
4-93 3.2269 170.210 5.49252 119.0518 113.03 134.56
5-93 3.2387 171.189 5.54429 119.4872 113.19 135.24
6-93 3.2505 172.148 5.59568 119.9225 113.34 135.92
7-93 3.2628 172.979 5.64396 120.3763 113.34 136.44
8-93 3.2752 173.902 5.69563 120.8338 113.66 137.34
9-93 3.2876 175.194 5.75967 121.2913 113.89 138.14
1093 | 3.2996 175.895 5.80384 121.7340 114.36 139.22
11-93 | 3.3121 176.689 5.85211 122.1952 114.44 139.84
1293 | 3.3239 178.018 5.91713 122.6305 114.44 140.34
1-94 3.3365 179.402 5.98575 123.0954 114.76 141.26
2-94 3.3480 180.325 6.03728 123.5196 115.15 142.23
3-94 3.3594 181.266 6.08946 123.9402 115.54 143.20
4-94 3.3726 182.152 6.14326 124.4272 115.70 143.96
5-94 3.3846 183.020 6.19448 124.8700 115.78 144.57
6-94 3.3967 183.942 6.24797 125.3164 116.17 145.58
7-94 3.4087 184.755 6.29773 125.7591 116.48 146.49
8-94 3.4211 185.622 6.35031 126.2166 116.95 147.62
9-94 3.4336 186.932 6.41851 126.6777 117.27 148.55
10-94 | 3.4457 187.911 6.47484 127.1241 117.35 149.18
1194 | 3.4583 188.926 6.53362 127.5890 117.50 149.92
12-94 | 3.5499 190.587 6.76565 130.9685 117.50 153.89
1-95 6.2000 197.748 | 12.26039 228.7401 117.97 269.86
2-95 6.2000 206.128 | 12.77992 228.7401 118.45 270.93
3-95 6.8000 218.291 14.84378 250.8762 118.84 298.14
4-95 6.1000 235677 | 14.37632 225.0507 119.23 268.33
5-95 6.2000 245533 | 15.22307 228.7401 119.47 273.27
6-95 6.2800 253.322 | 15.90864 231.6916 119.70 277.34
7-95 6.2000 258.490 | 16.02639 228.7401 119.70 273.81
8-95 6.3000 262.772 | 16.55465 232.4294 120.02 278.95
9-95 6.4000 268.217 | 17.16589 236.1188 120.25 283.94
10-95 | 7.2000 273.736 | 19.70897 265.6336 120.64 320.47
11-95 | 7.6000 280472 | 21.31591 280.3911 120.57 338.05
12-95 | 7.7500 289.627 | 22.44611 285.9251 120.49 344.50
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ADJUSTED EXCHANGE RATE INDEX (1990/01 = 100)

NOMINAL

1990/01

EXCHANGE RATE

ERI ADJUSTED FOR|

PERIOD | PESOS / (‘1::;0“;'0'51)31%3) PESOS/ | INDEX (ERI) (19‘;5;0‘:2?00) USA CPI (AERI)
DOLLAR DOLLAR | (1990/01=100) (1990/01=100)
1-96 7.4500 300.037 | 22.35275 274.8570 121.19 333.11
2-96 7.6500 307.032 | 23.48796 282.2357 121.59 343.16
3-96 7.5500 313.787 | 23.69095 278.5464 122.21 340.42
4-96 7.4600 322721 | 24.07495 275.2260 122.68 337.66
5-96 7.4200 328590 | 24.38137 273.7502 122.92 336.49
6-96 7.6000 333.942 | 25.37962 280.3911 123.00 344.88
7-96 7.6300 338.686 | 25.84173 281.4979 123.23 346.90
8-96 7.6100 343.189 | 26.11671 280.7600 123.47 346.65
9-96 7.5600 348.690 | 26.36093 278.9153 123.86 345.47
10-96 | 8.0500 353.027 | 28.41867 296.9932 124.25 369.03
11-96 | 7.8900 358.379 | 28.27614 291.0902 124.49 362.38
12-96 | 7.8900 369.860 | 29.18193 291.0902 124.49 362.38
1-97 7.8500 379.365 | 29.78016 289.6145 124.88 361.68
2-97 8.0000 385.751 | 30.86010 295.1485 125.27 369.75
3-97 7.9800 390.550 | 31.16589 294.4106 125.59 369.75
4-97 7.9800 394.758 | 31.50171 294.4106 125.75 370.21
5-97 7.9300 398.357 | 31.58974 292.5659 125.67 367.66
6-97 7.9700 401.901 | 32.03152 294.0417 125.82 369.98
7-97 7.8300 405408 | 31.74344 288.8766 125.98 363.93
8-97 7.8500 409.007 | 32.10705 289.6145 126.22 365.54
9-97 7.8200 414101 | 3238271 288.5077 126.53 365.05
10-97 | 8.6000 417.405 | 35.89683 317.2846 126.84 402.46
11-97 | 8.3500 422,075 | 35.24323 308.0612 126.77 390.52
1297 | 8.1500 427.999 | 34.88194 300.6825 126.61 380.69
1-98 8.6000 437.302 | 37.60794 317.2846 126.84 402.46
2-98 8.7000 444961 | 38.71163 320.9740 127.08 407.89
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APPENDIX D.

CODE LISTING FOR THE FEASIBILITY EVALUATION MODEL FOR
TOLL HIGHWAYS
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This Appendix illustrates the code and formulae listing for the FEMTH Excel spreadsheet
template. The column and row headers together with the formulae detail the logic followed
throughout the model to express the interrelationships among the variables and arrive at the
project’s objective function. The two different input forms discussed in Chapter 6 are included
in the figures. The listing shows only the first periods (quarters and months) of the analysis,
since the subsequent periods follow the same logic and are easily obtained by using the “Fill”
command in the Excel “Edif” menu. Finally, the code further illustrates the use of the @RISK

commands throughout the spreadsheet structure.
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G H 1 K

5 I. TRAFFIG AND TOLLS (Gase Study Data)

3 CORRIDOR DATA TOLL ROUTE DATA

7 [ToTaL TRAFFIC U LENGTH [km) [

¢ [TRAYEL TIME [kr) [ T. TIME [kr) ]

Ll

10 ADT DISTRIBUTION TOLL [$ikm) ADT DIST.
1| Car(a) [ [ EEFERE

1z | BUs(E] i ] EEERHAE

13 | TRUCK () =1-[§H}11-5HE12] i] I

14

15 MHax Tariatinn
1t | INITIAL TOLL ROUTE ADT =EUN03 23080 ] [H

17 | ADT GROWTH RATE (min,max) i o

13 | COMCESSION LIFE iVears) ]

N
-

21 PROJECT CAPITAL STRUCTURE
2 ERUITY 0k Cart) | |
& DEET | EXBER |
zd

i5 LOAN DATA

z | ORIGINATION FEE (%) [@ ]
27 | INITIAL REAL INTEREST RATE | ]
&%

" REFEREMCE INTEREST RATE DATA

30 | INTIAL REAL RATE lo |
3| EXPECTED LT. AYERAGE Lo ]
iz

3 RERUIRED RATE OF RETURN

4 DISCOUNT RATE la |

Fig. D.1 Code for Sections I and I'V of the Case Study Input Form

=} H | K
3 |. TRAFFIC AND TOLLS {Generic)
&
7 INITIAL ADT [0 ]
&
G DISTRIBUTION TOLLS
10 CAR () [ =3C428
1 EUS (B) i 3429
12 TRUCK [C) ST AT [=3egan
13
14 | AYERAGE TOLL [FERE T 1510, (EHE 1T E 1 1) SHE1Z $1512) |
15
16 | MAR ANMUAL YARIATION [

17 | ADT GROWTH RATE [minmat]
18 | COMCESSIONLIFE vears)

o I¥. FINANCIAL

29 PROJECT CAPITAL STRUCTURE

22 EGUITY i% of Cast] o ]
25 DEET | ESEEHS ]
24 |

F LOAN DATA

26 | ORIGIMATION FEE [3] [T ]
27 | IMITIAL REAL IMTEREST RATE o ]
i

29 REFEREMCE INTEREST RATE DATA

a0 | IMITIAL REAL RATE | |
31 | EXPECTEDOLT. AYERAGE Lo ]
2

a3 REQUIRED RATE OF RETURN

21 DISCOUNT RATE [a ]

Fig. D.2 Code for Sections I and IV of the Generic Input Form
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5

EAETIE S

0
11

13
14
15
16
17

L

M

Il. DESIGH AND CONSTRUGTION

COMETRUCTION *
FPECIAL STRUCTURES
DEZIGM %)

RIGHT OF W& CO3T
EUPERVISION

FONTHE
RUARTERE

MARGIMNAL INCORME TAX

PROJECT COST

1]

[1]

1]

TOTAL | =[M7+N&E][1+M9]

E

1o

PROJECT SCHEDULE

I

| B R ]

FREZUMPTIVE INCOME TAX (Taxon Fixed arrotr]

wORKERS PROFIT SHARING [X]

GEMNERAL wALUE ADDED T AX
wAT 0N DEET INTEREST
WAT OM DEET IZEUANCE

TOLL REVENUIE T A

DEFRECIATION PERIOD [YRE)

Lo

Lo

Fig. D.3 Code for Sections I and V of the Input Forms

218




E
: TOLL COLLECTION COST (3§ por Yehicle)
9

DIRECT CO3TE

Lo |
i | rin
L | [

2F COTHER

24 NFPY

=4 IRR

ADMIMNIETRATIOM (< of Direck Corer)

YI. OTHER. INGOME

S RIGHT OF w'a& [1]

YIl. FINANCIAL ANAL YSIS RESULTS

INDIRECT CO3TE

I |

BUARTERLT

0
SSUMReFes]

ON TOTAL CAPITAL

=fk$208
=fkg20E

OH EQUITY
=gkga0g
zgkga0g

Fig. D.4

Code for Sections III, VI and VII of the Input Forms
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Code for the Toll-Traffic Demand Model

Fig. D.5
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APPENDIX E.

DATA TO DEVELOP “S” CURVES FOR MONITORING PROJECT
PROGRESS

Based upon the work of Gustavo Marcelo Murmis (1997).
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Time (%) Progress (%) Time (%) Progress (%) Time (%) Progress (%)
0.00% 0.00% 34.00% 28.12% 68.00% 75.25%
1.00% 0.40% 35.00% 29.41% 69.00% 76.45%
2.00% 0.81% 36.00% 30.73% 70.00% 77.62%
3.00% 1.25% 37.00% 32.06% 71.00% 78.77%
4.00% 1.71% 38.00% 33.41% 72.00% 79.90%
5.00% 2.20% 39.00% 34.78% 73.00% 80.99%
6.00% 2.71% 40.00% 36.16% 74.00% 82.06%
7.00% 3.24% 41.00% 37.56% 75.00% 83.10%
8.00% 3.80% 42.00% 38.97% 76.00% 84.11%
9.00% 4.39% 43.00% 40.39% 77.00% 85.09%
10.00% 5.00% 44.00% 41.82% 78.00% 86.05%
11.00% 5.64% 45.00% 43.26% 79.00% 86.97%
12.00% 6.30% 46.00% 44.71% 80.00% 87.87%
13.00% 7.00% 47.00% 46.16% 81.00% 88.73%
14.00% 7.72% 48.00% 47.62% 82.00% 89.57%
15.00% 8.47% 49.00% 49.08% 83.00% 90.38%
16.00% 9.25% 50.00% 50.54% 84.00% 91.15%
17.00% 10.06% 51.00% 52.00% 85.00% 91.91%
18.00% 10.89% 52.00% 53.46% 86.00% 92.63%
19.00% 11.76% 53.00% 54.91% 87.00% 93.32%
20.00% 12.62% 54.00% 56.46% 88.00% 93.99%
21.00% 13.58% 55.00% 57.80% 89.00% 94.63%
22.00% 14.53% 56.00% 59.24% 90.00% 95.24%
23.00% 15.52% 57.00% 60.66% 91.00% 95.82%
24.00% 16.53% 58.00% 62.07% 92.00% 96.38%
25.00% 17.57% 59.00% 63.47% 93.00% 96.92%
26.00% 18.63% 60.00% 64.85% 94.00% 97.43%
27.00% 19.73% 61.00% 66.22% 95.00% 97.91%
28.00% 20.85% 62.00% 67.57% 96.00% 98.37%
29.00% 22.00% 63.00% 68.90% 97.00% 98.81%
30.00% 23.18% 64.00% 70.21% 98.00% 99.23%
31.00% 24.38% 65.00% 71.51% 99.00% 99.63%
32.00% 25.60% 66.00% 72.78% 100.00% 100.00%
33.00% 26.85% 67.00% 74.02%

Table E.1  Project “S” Curve Data Points (from Murmis, 1997)
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Fig. E.1
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APPENDIX F.

MEXICAN TOLL HIGHWAY NETWORK DATA

F.1 PLANNED VS. ACTUAL GENERAL NETWORK DATA

F.2  BESTFIT ANALYSIS FOR THE TOLL-TRAFFIC DEMAND
MODEL (CARS, BUSES AND TRUCKYS)

Source Data: Secretaria de Comunicaciones y Transportes (SCT) (1996)
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Planned vs. Actual General Data for the Mexican Toll Road Network

Table F.1
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F.2  BESTFIT ANALYSIS FOR THE TOLL-TRAFFIC DEMAND MODEL
(CARS, BUSES AND TRUCKS)
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Table F.2

Fig. F.1

% CAR ADT DIVERTED TO TOLL HIGHWAY

% Change in Car

Normal Distribution

ADT
Parameter 1 (Mean) -12%
Parameter 2 (Std. Dev.) 15%
@RISKFormula RiskNormal(-12%,15%)
Minimum -39.7%
Maximum 11.0%
Mean -13.1% -12.3%
Mode -10.1% -12.3%
Median -14.3% -12.3%
Standard Deviation 14.7% 14.8%
Variance 2.2% 2.2%
Skewness 0.15 0.00
Kurtosis 1.98 3.00

Statistics of the % Change in Car ADT Diverted Predicted by the Toll-Traffic

Demand Model and the BestFit Normal PDF

Probability to Probability Comparison Between
%Change in Car ADT and Normal(-12%,15%)

Normal PDF

0.4
% Change in ADT

0.6 0.8 1

Probability to Probability Comparison between the Car ADT Diverted Predicted by

the Toll-Traffic Demand Model and the BestFit Normal PDF
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Table F.3

Fig. F.2

% BUS ADT DIVERTED TO TOLL HIGHWAY

% Change in

Normal Distribution

Bus ADT
Parameter 1 (Mean) -5%
Parameter 2 (Std. Dev.) 25%
@RISKFormula RiskNormal(-5%,25%)
Minimum -51.3%
Maximum 38.7%
Mean -5.4% -5.4%
Mode 1.2% -5.4%
Median -3.8% -5.4%
Standard Deviation 24.6% 24.6%
Variance 6.1% 6.1%
Skewness 0.08 0.00
Kurtosis 1.98 3.00

Statistics of the % Change in Bus ADT Diverted Predicted by the Toll-Traffic

Demand Model and the BestFit Normal PDF

Probability to Probability Comparison Between
%Change in Bus ADT and Normal(-5%,25%)

Normal PDF

0.4
% Change in ADT

0.6 0.8 1

Probability to Probability Comparison between the Bus ADT Diverted Predicted by

the Toll-Traffic Demand Model and the BestFit Normal PDF
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Table F.4

% TRUCK ADT DIVERTED TO TOLL HIGHWAY

% Change in

Weibull Distribution

Truck ADT
Parameter 1 (Mean) 104%
Parameter 2 (Std. Dev.) 102%
@RISKFormula RiskWeibull(1.04,1.02)+-0.83
Minimum -82.5%
Maximum 299.7%
Mean 14.3% 17.5%
Mode -50.6% -78.4%
Median -5.9% -11.2%
Standard Deviation 99.3% 96.6%
Variance 98.6% 93.2%
Skewness 2.25 1.67
Kurtosis 4.58 6.25

Statistics of the % Change in Truck ADT Diverted Predicted by the Toll-Traffic

Demand Model and the BestFit Normal PDF

Probability to Probability Comparison Between

Weibull PDF

% Change in ADT

Fig. F.3

Probability to Probability Comparison between the Truck ADT Diverted Predicted

by the Toll-Traffic Demand Model and the BestFit Normal PDF
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APPENDIX G.

CASE STUDIES SIMULATION OUTPUT DATA AND STATISTICS

G.1 SAN MARTIN TEXMELUCAN-TLAXCALA-EL MOLINITO TOLL
ROAD

G.2 MONTERREY-NUEVO LAREDO TOLL ROAD

Only the first fifteen years of simulation results for the quarterly annual interest rates and

quarterly traffic growth rates are included in this appendix.
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G.1 SAN MARTIN TEXMELUCAN-TLAXCALA-EL MOLINITO TOLL
ROAD

248



[ AT WIL'E 800 0L4'5896) HETSH HESEL 02L'80."e5 096"B50PS 66'56b'E T'a0a'e = 213d %6
5l BT ED BIAE 0ern 05965876 BETEL BT T 07888 5 N Z00°80" L a5 T0E"S = U 06
fl %95'6Z %EEE LD 081026721 %Azl %A LL 0ba'5ER"OF 0LL'GZE I 0LL'ERLS 9c'988'y uad %ee
tl %El'6Z %Se G000 081'2998) %lE2l %S0l 05£'985°9¢ 066'66."92 FHETR0G 692'266°C 2ad 02
h BIETE REEE FL00 I0AFEE"EL WS b R D208 VEE DEF' B EE e 82F BEO'E =g %5t
&l %KbiTE HEEE 700 086'3F18L At LL %9101 0£9'290°08 048'852°08 055'3P9'E 896'9EK'T = 203d %02
gl %252 %9Z'E o0 0pe'pLETLL %OLLL %L96 088'952'22 096'515"22 06L'SPL'E 62p'988"L =203 %09
&l HSE'TT HET'E G300 060"9692} B0 HIE 065'26592 0050842 550'20.°7 al'alE’) = 213d %
£l BALTT BALE 2800 TN W5 W R K 06T Bt L2 995 8EE'T LLe'acs A3 %L
z BB 1T %E1'E L300 028'582°2) %LT0L %LOE 0£9'685°8L 089'525°81 925'L26"L £H0"0l = 2034 %06
2 %AL'1Z 'S 990°0 0£0°28072L %IEE %58 028'599°5L 08285751 BLELSTL [ze5"0g) = 2034 %tk
zk BEF LT HBETE ] 0eEER AL BT 6 HE5 8 045028 2k g 85T ek 206 LEL L (2217151 = 23d Yk
zl HIE LT ®LOE 900 02218991 %OFE %EE'D 997'5L9°8 i 26892 (261"068) = 2034 e
LL BiLE BT 5900 085'5L479) %EDE %E0Y 200'P1E"S 106'5E5"Y 156°L1E [206°555"1) 2 WL
b %0802 HEE'T Za0'0 095'232°3) HELE HET L 00 TT LN [T (02871512 =213 %Z
Ll BIE 0T BEAT L9010 0EE8E"aL EE R WL [025"a0a] (621 Fea7) [ae5"7a] (352 "a8:7) = U W
Lh %L OZ %a'T 0900 0P5'16LGL %I0Y %ETL [oBa'z62"s) (951"291'9) [sp6"ag1L) (550°g5t°8) = 2094 %6l
ol %Ll Bl Hid'Z 6500 0L LSS HLEL %159 [pB1'211'S) (12'0216) fps0r12e’1) (6L0"35) = 2034 %Ol
o BETBL REAT 2500 BEB5L 5L WA BTG G (255609 (055 58801 [258%2aT) [0 G5 g e
zl K5 TE %% 0900 oPL'E0LEL %ETB %EFB (3827%09°5) 08" L85 i 896'351°E 729'6E5'L = apol
0 0 0 0 0 ] i i i i i = paeinajeg s1oug
15859'T G9T6ES T 26p00F'T 4250047 L5TET SETO5K Y SASEAT Y ALIT0E BhE5087 EBIILES TLIEY s1sopny
L0-T0°E 90rI9T 0 FBESS0E 0 PEELLZE 0 73008520 10-358L ZE0ELLD L 30LS 103t =L L0368 = SHIUNAHS
506L5L°T PO-30LE 90-32L6 =T TL+330°7 PO S PO-I5ES Pl+Iees f1+395 1 S3T L 14396 = adueues
H %L %HLED 2000 CLETLREL %ET2 %lET 065'955"6L 09r'584°02 096'59.°E 693620 = uogenag Ms
£l BEX T WbE L] B3 LLE L) i 0k RET 6 02AE0L 6k IE5ELL Bk TEREWE A = ueay
8l KLEHT %IE'E 060°0 015812 %ETET %65 0T 00Z'605"301 000°186"301 091'8LL'52 021'555'52 WnwEeR
6 %018l %5T 5500 091’915 L %EDE BLLT (955'266"2) (09r"z255L) (195"0699) (025 "056"01)
LN akd i I ] GOTH 3024 202 502 202 5001 ]
labzbead |, H WN. . H . e §. ao,_u o nihg mifhe Mifho Mifho miing g uogdusag
052 0'aL DVEURUL | S s s ZIAuRUL [ 0ral 0's50 00BuRNL | 00/ L DD00EZE L iHad
(Brway - - - -
CTTETAn fison fison 4 1500 fison A I LU ELE (o xiqeuen) | Gy ageuey | easig paeg) | fgegasig pasg)
i na— HOUVHISININGY | TonNNY M2 | HOLSITI00 | HOUSMULSNGS | Totuamn aunpg | AP TYRMILNL | I0TUA INISTUA | INTHA INISTU | INTUA INISTUA | INTHA INISTU awey
193r0ud 13N Luno3 13N 193r0ud 13N Auno3 13N 193r0ud

TioL

249



Akl Wil ol ki WELF WELF T wAEa BEL ZRT WG EE BETE = M3y e
Wbl Hll'l Wl 'l WDl WEF WEF WY EL WATE WET LTT W5 ®EVY =34 W6
Hlkl'l Wi 0 Wl L ENINE WEF WETF W FL wAEa BLA 8L WO 07 WIEE = Ay e
W60 Wl Wl 0 WlE 0 wO0F wOTF WES 0L WAE Ll 1AL R 5L A = M3y e
Wi 0 Wl B0 w0 WELE WELE WER wAEa WA BEL BEL L "L =3y et
HED 280 D WEXD WS E W5 E w8 wAE REFLEL WELS "HE = Mg Wik
0 Wl W0 W0 WETE WETE WEF 5 wAEa WA 0L BEEF BAlLs =g 1ed
L0 Wl T WL WO0E WONE WLEF WAE WLLER Wbl LG = M3d WM
%L RS0 HAE0 ®BESD WELT WELT wEE waEe Wel T8 WEE | WL =113 bk
290 D Hl40 WED WE'E WEE el E wAE WYL WLET WE 0L = M4 wig
%50 %R0 HWESD WS WET WETT WEAT waEe Y] g L WrETh =213 k¥
Hl50 HWESD 050 WS D wO0'E wONE wTE WAE W ES wZE 0L BEIFL = M3 Wik
Hlf 0 e HiF 0 wEF0 WELL WELL wEFL WS HLESE HiFEL w5 =13 g
Tl Tl ot poral W5 L WL WL wAE WAL wld Al L = Mg Wit
%BED HBED HLED ®EED WETL WET L wlTL WS HLL0E wB00Z- HEEEL =03y hig
HW0E0 H0E0 W0 wLED w00l RN WEED WAE RATEE Wl T R = M3d W
%50 W0 HETD w0 WELD WELD WL WY HELLL Hil9T RIS =13 Rkl
T Wl Wbl 0 wLLD w050 w050 wLE0 wAE LRE L WL WBE LT =34 Wil
B0 B0 L0 ®E0D ®WET0 ®WET0 ®OED WYY WES HBEEE WETTE = M3d
Holtl Wl 0 050 WLED Wl WEEF w0 WAE Wt Wl 4 Wbt = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
Bt L6E | BLSER E SFELODE LEbST0 T CEOO0NE | BEBEEL | LE508 86 1] LEzThL L LHTRREE B5| 56T 2 = Sisopny
A=tz £0-328°% 1= £0-380°2 503K L0-3EE° ) Forzhle 0 SR Lo-3zh L cET0L0L - = S5
5038071 5039071 503507 503901 03802 03802 CO-326 & 1] CRETATE [ o6 ¥ c0r325° | = #IUeLIE)
®EED HTED HIED WEED WL L HIHEL w000 WE 96 WA 1T 5L = uopewnaq pg
W80 80 80 WEA0 W5'E W5E WLl w"ATE WL 00k AEE BESOL = ueapy
®ETL W5 WET L WEL wO0'S wO0'S WELI5E WYY HELLAL WL EF w005L = WnWEeg
000 000 000 w000 w000 w00 A WAE w000 A6 B BB = Wnwiuy
540 5N 50 541 S Sir SEd el ] il £0d 1133
SNITaHE | e L IFy T LT TRl
) SN ) SR ) SHTRLL ) SN . L . (L » .Hm (sermeylonEms | (Zo L b0 e | ,Hm.a 50 o H,m_‘ [hg1] wondussag
G =L | S L LI L | 05 L LG | S T LI L L2 ppIIoiary | LB LG IUMONNN | 2 0%3880" (JUuOURo] 5207607 0-IRUMON L | "§1'07) 0-J|RuLO L
et P TRRETE -T UYR [T ERTL T = EYYIRIRLTE o I | MR
£ 300 HIMOWS | ¥ 200 HIMOHS | € 310 HUIMOESD | £ 2004 HUMOHED | | 300 HUM0ED | 317H HLMOEa TYHUONGODT | (1qeuen 10 paxu) LETRERI] LETR:ERY] LETEER]
HIEE L 18 HIEE L 18 HIEE L 18 HIEE L 18 HIEE £ T8 HIEE £ T8 T e — 107 AL 109 $nd 107 U awey
ATHANY ATHAY O ATHAG D ATHAMG MO ATHIMGMD | TUNNNY ToLLINI HI J9NTHD % HI JINTHD % HI J9NTHD %

250



w5l L %Al Bl b %3l | H5h L %3l L A %51 L %4l L %511 %) = 234 b
FXI EEI KB L %20 ) wL0L %A40L %00L %00} %00') %40'L %40'L = 2034 %06
B w00 Bkl L Kbk Kbk EAT %00 L EAT EA %I0L %00} = 3d S
ELED EE0 G0 %560 %560 %G 0 %560 %560 AE D %ASED wPED = 4 e
BLEO %0 H0E0 HEE0 HEE0 HEE0 %20 %EE0 %EE0 %060 %EED = 03d iy
w20 RIL0 %P0 %0 %0 %220 %220 %800 %2E0 %ben LD =204 e
BLLO B0 HE0 %20 %20 %420 %20 %80 %LL0 %L HLLD = 2034 %9
REL0 REL0 %EL0 %50 %50 %20 %500 %EL0 %ZL0 %TL0 %E0 =294
B0 B0 %80 RS0 %480 %440 %490 HeE0 %480 %480 HLED = 203d it
w0 RIT0 %280 %280 %280 %20 %20 wbE0 %TH 0 AT 0 %I 0 EETELTT
B0 B0 50 %30 %450 %450 %350 %450 %450 %450 %S0 = 23d it
RGO IO %IE0 %250 %250 %250 %550 %250 %250 %250 %50 = 234 WP
H0 w0 %P0 "0 %0 %40 %20 %40 %0 %eF0 R0 EELTLY:S
w0 RIF0 L0 %0 %P0 %20 %570 %20 ALK 0 %0 %0 EETELT S
BLED HAE0 "0 %950 %950 %950 %480 %950 %9E'0 %9E'0 %IE'D =3 iz
BLEO HLE0 %0E0 %050 %050 %050 %2E0 %0E0 %0E0 %0ED %00 =94 W
w0 "0 HET0 %520 w20 %520 w670 %420 %0 %20 %20 = 203g %l
EYIN] FLIN %410 %310 %310 %210 %410 %910 %10 %910 %410 = 2034 %L
B0 B0 HED'D wE0'0 HE0'0 HE'0 %010 %800 %010 %600 %600 = 13 %
BLT0 R0 %50 %900 %200 %250 %20 wbE0 %0E0 %EED %0F0 = apony
0 0 0 1] 1] 1] 1] 1] 1] 1] 0 = paenojen s1003
922630 199500 2 SELSLE | L086 | SepLes ) 2555102 2318202 628046 ) 215202 Z2E000°Z LELIGEL = sisopuny
0-326' 20311 0akkE et 20355 b S0-306°6 2035 =T 20-376°7 2038 L 20368 = ssaunmg
S0-250° ) 5S0-290° ) EiETANE S0-260° ) SO-AL0 L S0-390°) S0-350°) SO°360° ) S0°390°) S0°360°) 50-380°L = aaueney
w20 B0 HEED L0 L0 L0 %250 HEE'D %EE'D %EE'D HEE'D = uonenag pis
®IT0 %20 %290 %290 %290 %240 %20 %280 %TE 0 %2E 0 %20 = ueapy
w57} ") w57 L %57k 5Tk 5T L 5T L %57} %571 %571 %52 ) = WnWEe
H000 %000 %000 %000 %000 %000 %000 %000 %000 %000 %000 = wnwiK
517 LA 5K 54 L 5N il 58 50 5l sid 1123
FE N ETNCCN:TE % T e BN N T ot T T T T L SV PN TE o WL VT (e T T W LT = B T T T o T CACT o %) BT T % S L B T
GUAILL UKL UM BLL GUEATLL SUNRLL UL S48 L S S0 L “5ifd el “Si0"LL uondussaq
ST LM | SIS L L= AL M| S LR LD | B B It LS | S L LS = UM 10 b LM S | S A LS | B 5 L LSt LS (S0 0 LR =0 LM | DL DA LMD | BB L LD LM o
Geg Al Duogury | -Geg)dDuiogury | -sepmldiueogun | -segaldnueomn | -sepnldnuuogun | segllamuopn | -sepsldiuuomin | -sefuldiuuomin | -sg0lduuomin | -sgd)diuuoun | -5800d10uMepn
91 AUY HLWOH9| 6 AVY HIMOMD| #1 200H HLMOUS | £1 217 HLM0N9 | Z1 21 HIMOW | L1 200 HLM0US |01 21w HLM0AS | 6 200 HIMOYSD | & 200H HLM0ES | 2 217 HLM0H9 | 9 21vd HIMOX9
LR T DL DL LR T DAL Dl DL DL DL DL DL awey
ATHADND ATHADIND ATHADIYND ATHADIYND ATHADIYND ATHIDRYND ATARYND ATHADRYND AT ND ATADITND ATHADTND

251



Akl Wil ol WELL WELL walL WL L WAl Al BEV L BiF L = M3y e
Wl Wl ol Wl Wl WL Wal WED L 0L L0 B0 L =34 W6
TN Wil | TN ENINE Wbl Wbl Wl L w00k ®l' b w00 L Bl b = Ay e
W60 W60 Wl 0 WD W0 WEE0 WEED WhE 0 WEED WEED W60 = M3y e
Wi 0 Wi 0 B0 WEE 0 w0 W0 WEED wLE0 W60 B0 W06 0 =3y et
HED W0 80 WEXD WEXD W0 WEXD w20 w0 w0 w0 = Mg Wik
T Wil 0 W0 W0 W0 W0 W0 w0 WEL D "0 B0 =g 1ed
L'l L0 Wbl WELD WELD WLl A wZl'0 W"ELD W"Zd0 20 = M3d WM
HWBE0 RS0 He8 ®HEE0 ®EE0 RN Weg w0 RN HEa0 g0 =113 bk
290 290 290 WEXD WETD WEX0 WEX0 WEFD ®IH0 "IN "0 = M4 wig
%50 W0 HWeS0 ®WEE0 ®WE50 ®eF0 WEF0 WiF0 WLE0 WLE0 w50 =213 k¥
%S0 Hl50 50 WESD WESD ol WS 0 WESD ®IE0 W0 IS0 = M3 Wik
Hlf 0 W0 i wEF0 wiF0 Hif0 wEF0 wEF0 ] W0 W0 =13 g
Hl¥ 0 Hl# 0 ot poral ot} ot} Wk 0 Wl 0 w0 ] w00 = Mg Wit
%BED WEED HBED ®BLED ®EED BLED WLED WLED WD WD W0 =03y hig
B0 B0 W0 wLED wLED w0 LD W00 W00 ®LED w00 = M3d W
®ETD W0 HETD w0 w0 WET0 WETD wFT0 HET0 HFT0 W0 =13 Rkl
W& Hal0 H2l'0 wLLD wal0 wal0 wal0 waln w*aL0 ®LLD LD =34 Wil
%200 %R0 B0 ®E0D ®E0D ®OL0 ®E00 wE0D HE0D HE00 HE0D = M3d
A5 0 WlL'0 WL w0 W0 W0 L0 w00 A0 Wit 0 = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
FLISEE | it aE | AL00E0'E G236 | LIEL00'E LigEne BOELDE SO0 E LALE | LHEIEE | pota e Ta g = Sisopny
S0-385 L £0-382°2 1= 1Y i 20-35F - 0-IET o0-3e8 - £0-320°6 £0-306°L 03T A= = S5
s0-3L1 L 50370 L 503807 503407 5038071 S0-390° 1 S0-360° L SO0 5036071 S0-340°) s0-3LLL = #IUeLIE)
®EED HEED HEED WEED WEED WIED WEED WEED HEED HEED HEED = uopewnaq pg
W80 80 80 WED WED WEXD WEXD WIA0 HEFD HIA0 "IA0 = ueapy
®ETL W5 WET L WEL WEL WET L WET L WL HETL WET) W) = WnWEeg
000 000 000 w000 w000 w00 wOwn w000 w000 w000 w000 = Wnwiuy
SEHT S S SeHT 50w S 5430 S0 5400 S0 s 1133
WA AL WAL WAL WA AL 1AL WAL LIEINER TS LIFINCRTES A1 T8 LIFINERTE B2
TSI SR TSI R SIS ST R T =i g T g ! GIFOTELL GIFETE L ST ST L uondusag

ST =L | S0 L LI B L | 15 0 M LG | S T LIt L | 0 0 L L DG | SR L LB N | BB b LD O MRS | BB b L LM LGN | B b LD LG | BB L LB LG | S L LA =0 LG o
Sl | SRl | -sgHL U | s gerld uopry | -sepd )i | -sgaulaiuuogun | -Gl iuaene | g0l diuec | -sapalueoun | -l ueegun | Sz

1 210 HLMOHD | 92 210 HLMOHA | & 0 HEMOWS | #2 100H HIMOHI | £2 300H HIMOED | £ J00H HLMOHa | 12 300H HIM0Ha (0F 300y HIM0Ha (61 3007y HIW0 9 | 81 300d HIW0H 9| 21 310H HIoda

HIEE L 18 HIEE L 18 HIEE £ T8 HIEE £ T8 HICEL L TR HICELL TR HICELE TR DL DL HIEE L 1R HIEELL1R awey
ATHANY ATHAY O ATHAG D ATHAMG D A THAG D ATHAEY D AT D ATHAHY D AT D ATHARY M ATHAY

252



Wbl WEL L WE L WLl WELL walL WAkl WL w5V Al L BEE L = M3y e
Wbl Wl ol Wl Wl WalL Wal w0l 0L R w80 =34 W6
TN Wl | Hall'l w00l Wbl 0 w00l WL Wbk 0L Wbl Wbl b = Ay e
W60 W0 W60 WlE 0 WhE 0 W0 WEED WEED WEED WFE D W0 = M3y e
Wi 0 Wi 0 B0 WEE 0 wEE 0 WlE0 WEED WEE0 B0 ®LE0 *ET0 =3y et
HED D D WEXD WEXD WEXD WEXD w0 ®2E0 "IN "IN = Mg Wik
T Wl 0 W0 WLLD W0 W0 w0 w0 ®E0 B0 B0 =g 1ed
Hli'0 Wl Wbl WL WELD WLl A WELD ®Zd0 W"Zd0 20 = M3d WM
%L WL He8 ®BESD ®EE0 RN Weg WA HEa0 RN g0 =113 bk
290 290 290 WEXD W0 WEX0 w0 w20 REFD "IN "0 = M4 wig
%A W0 HWeS0 ®WEE0 W50 ®eF0 WEE0 WiF0 WBE0 WLE0 WiE0 =213 k¥
Hl50 0 50 WESD WS D ol WS 0 WESD WESD IS0 "IN = M3 Wik
0 e HEF0 wEF0 woF0 Hif0 Hif0 wEF0 HiF0 W0 W0 =13 g
Hl¥ 0 Tl HlF 0 poral ot} ot} Wk 0 WEF D Wl 0 0 gl = Mg Wit
%BED HBED HLED ®BLED ®LED BLED WLED WLED HLED WD WLED =03y hig
HW0E0 Wl g0 wOED wLED w0 LD W00 w®LED ®LED w00 = M3d W
0 HETD W0 WETD ®WET0 WET0 w0 wFT0 w0 HFT0 HET0 =13 Rkl
T Wl Wl b0 wAl0 wELD w0 Wil 0 w0 w*aL0 »EL0 LD =34 Wil
B0 %00 %00 ®E0D ®E00 ®END w010 wE0D HE0D HE00 %00 = M3d
Wbl Hl50 W0 w90 WEAD w30 wLE0 W0 ®ELD "IN "IN = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
05002 BLLFO0'E LERRE0E LLZEn'E SR0AL0E AL5EF0E [l B35 LEE | IR0 SRESENE LREEENE = Sisopny
A= o FO-2EL8 £0-306°5 £0-350°%- £0-387L 03 o0-3e0E 203082 o038 L o0-3EE 2038k 1 = S5
s0-300° 1 5034071 5039071 5038071 5039071 S0-390° 1 S0-340°) SO0 5039071 S0-340°) S0-340°L = #IUeLIE)
®EED HEED HIED WEED WEED WEED WEED WEED HEED HEED HEED = uopewnaq pg
W80 80 80 WED WEA'0 WIA0 WEXD WEFD HEFD HIA0 "IA0 = ueapy
®ETL W5 WET L WEL WEL WET L WET L WL HETL WET) W) = WnWEeg
000 000 000 w000 w000 w00 wOwn w000 w000 w000 w000 = Wnwiuy
SLANT S4NT SLLY 5457 SEd sii Sidn 500 ST S 5470 1133

WA AL WAL WAL WA AL 1AL WAL LIEINER TS LIFINCRTES A1 T8 LIFINERTE LIETEt 3

SR LL SEELT R SIS R SR T el goh Sk SO L SN L TSI L S TR SRR LL uondusag
G = LG | S0 L LI B L | 05 0 e LG | S T LBt L | 0 e L L DG | B L LB LN | BB b LD 0 MRS | BB b L LM LGN | B L DA LG | BB L LB LG | S L LA =0 L o
“SEErl My | -sgLwlduomn | -sigewlduuogn | -sipd el | -seplaiuogun | -Sigdaldiuuemr | SOl i | -saprrrlaueogr | gl iuunge | -GaE Tl IMuemr | 5044 i
£ 210 HLMOHA | 2 210 HLMOHD | % 20 HEMOWS | &£ 100 HIMOHI | #£ 300 HIMOES | ££ 317H HLMOHD | £ 310H HIM0Ha | 1E 300y HIM0Wa (0F 3007y HIWDH 9 | 62 310H HIW0H 9 | 92 310d HIoda

HIEE L 18 HIEE L 18 HIEE £ T8 HIEE £ T8 HICEL L TR HICELL TR HICELE TR DL DL HIEE L 1R HIEELL1R awey
ATHANY ATHAY O ATHAG D ATHAMG D A THAG D ATHAEY D AT D ATHAHY D AT D ATHARY M ATHAY

253



Akl WEL L ol ki wal L Wbl T WAl Al Al L AL = M3y e
HlD'] Wl Wl 'l WLl WL WalL B L w0l 0L R B0 L =34 W6
W0} Wl | Hall'l WBE 0 w00l w00l WL w00k WL Wbl w00k = Ay e
b0 Wl W60 WEh 0 WhE 0 W0 W0 WhE 0 WhED WFE D BEED = M3y e
B30 B30 Wil 0 w0 w0 W0 a0 w0 B0 B0 BLE0 =3y et
HED D W30 WD W0 W0 WEXD w20 REFD REFD "IN = Mg Wik
T Wl Wl 0 WLLD WLLD ®ALD w0 w0 w0 B0 B0 =g 1ed
Hli'0 L0 L0 WL WEL0 w0 A wZl'0 ®Zd0 W"Zd0 20 = M3d WM
%L WL He8 ®HEE0 W0 RN Weg w0 RN RN g0 =113 bk
290 D 290 WED W0 w0 WEX0 WEFD ®IH0 "IN "0 = M4 wig
%R0 %R0 %R0 WS W50 ®E50 WeF0 WEE0 WLE0 WLE0 WiE0 =213 k¥
HWESD HWESD HWESD WS D WS D w50 wLE0 IS0 ®IE0 "IE0 "IN = M3 Wik
%0 e HiF 0 wEF0 wiF0 Hif0 Hif0 HiF0 HiF0 HiF0 WiF0 =13 g
HEF 0 HlF 0 Hl# 0 WEFD ot} WEFD Wk 0 Wl 0 w0 0 gl = Mg Wit
%LED HLED HBED ®EED ®EED BLED WEED WD WD HLED W0 =03y hig
Wl Wl W0 wLED wLED w0 WOED wLED W00 W00 w00 = M3d W
%EZ0 HETD HETD w0 w0 wFT0 w0 wFT0 w0 HFT0 W0 =13 Rkl
a0 Wl H2l'0 wLLD wELD w0 a0 w0 w*aL0 ®LLD LD =34 Wil
B0 L0 %00 ®OL0 ®E0D ®END wEND wE0D HE0D HE00 ] = M3d
Hli'0 290 50 wLAD WLl w0 w0an w00 w050 W0 S0 = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
BRESAN'E ERASEN'E AELLGE | el AEE0E Wible SREENN'E BRLEEN'T Tt LO0'E ETOOLYE o050 E = Sisopny
£0-3lee £0-355° L 1= £0-340°2 030 0-308°¢ o0-388°E 0306 03N 20328 20301 = S5
5030 L 5035071 5039071 503207 5039071 S0-390° 1 50-380°) SO0 503307 50-320°) S0-340°L = #IUeLIE)
®IED HTED HEED WD WEED WEED WEED WEED HEED HEED HEED = uopewnaq pg
HED 80 80 WEA0 WEA'0 WIA0 WZA0 WIA0 ®IA0 HIA0 "IA0 = ueapy
®ETL W5 WET L WEL WEL WET L WET L WL HETL WET) W) = WnWEeg
000 000 000 w000 w000 w00 wOwn w000 w000 w000 w000 = Wnwiuy
5404 5444 5433 5403 5408 5488 54d s SLAT SO sS40 1133

I A I A AT A A LIEINER TS LIFINCRTES A1 T8 LIFINERTE LIETEt 3

SR SR SRR SO e =t= g SR ST GIEATELL ST AL SRR L uondusag
ST =L | S0 L LI B L | 15 0 M LG | S T L LBt L | 0 0 L L DG | B L LB LN | BB b LD O LS | BB b L LGN LGN | B b L DAE 0 LG | BB L LB LG | S L LA =0 L o
-Gl ey | -sepag) i | -5gaaldiuon | 5ol ey | -sapadlauun | -sopealaiuuoun | -SaEEdld i | -sapldiuec | sl ueogun | sl iuun | 5l judn
B 210 HLMOHD | 2 200 HLMODED | £+ 20 HEMOWS | 9 100H HIMOHI | & J00H HIMOES | FF J00H HLMOHED | £ 300 HIM0HA | £F 300 HIM0HA | Lk 3000 HIW0 9 | 0F 300d HIW0H 9| 62 310d HInoda

HIEE L 18 HIEE L 18 HIEE £ T8 HIEE £ T8 HICEL L TR HICELL TR HICELE TR DL DL HIEE L 1R HIEELL1R awey
ATHANY ATHAY O ATHAG D ATHAMG D A THAG D ATHAEY D AT D ATHAHY D AT D ATHARY M ATHAY

254



Akl Wbl ol WELL WLl walL WAkl 5L Al BEV L Wl L = M3y e
Wl Wbl ol WDl Wl WalL Wal w0l 0L L0 A0 =34 W6
W0} Wil | Hall'l ENINE Wbl Wl L WL Wbk ' w00 L w00k = Ay e
b0 W60 W60 WD WAE0 WEE0 W0 WhE 0 WhED WEED W0 = M3y e
B30 Hll0 Holl'0 W60 W60 WEE 0 a0 w0 *ET0 *ET0 *ET0 =3y et
HED W40 0 w0 WEXD WEXD W20 WEFD ®2E0 REFD BEFD = Mg Wik
0 W00 Wl 0 W0 WLLD W0 wALD w0 w0 "0 B0 =g 1ed
Wl Wl Wl 0 WELD WEL0 WELD A WELD W"ELD W"ELD BELD = M3d WM
HWBE0 RS0 RS0 ®BESD W0 ®HEA0 Weg w0 HEa0 WEE0 a0 =113 bk
HEXD XD XD WED WED WEXD WEX0 WEFD REFD REFD REFD = M4 wig
%R0 W0 %R0 ®WEE0 W50 ®E50 WeF0 WEE0 HEE0 HEE0 HaE0 =213 k¥
HWESD 0 Hl50 WS D WS D w50 WESD WESD WESD WESD BESD = M3 Wik
%0 Hif 0 HiF 0 BiF0 wiF0 w0 wEF0 wEF0 HiF0 W0 W0 =13 g
Tl Tl ot w0 w0 w0 WEFD WEF D Wl 0 0 BEFD = Mg Wit
%LED HBED HLED ®EED ®EED WEED WLED WLED HEED WD W0 =03y hig
Wl H0E0 g0 wOED w0ED w00 WEE0 W00 w®LED W00 w00 = M3d W
0 HETD HETD WETD w0 WETD W0 wFT0 HETD HFT0 HET0 =13 Rkl
T Hal0 %al0 wLLD wELD w0 Wil 0 w0 w*aL0 ®LLD LD =34 Wil
B0 %R0 %R0 ®E0D ®E00 ®END wOL0 wE0D HE0D HE00 w00 = M3d
W0 Wbl 50 w090 WED w050 WEL0 WE0 WEED "IN w00 = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
FLO5E0T BLEGLE | FLERLE | FESSLE | L1266 | L AF5aE | FELESN'E LongLoe i I N L A26 | %10 = Sisopny
a0-386 |- o0-389° - 0-3EL ) £0-396° ¢ -3y £0-36E°2 =" c0-308°7 o038l 203291 20358 = S5
S0-340° ) S0 L 50341 L S0-360° L 5036071 s0-301° 1 S0-350°) 503907 503407 S0-380° ) 50-350°L = #IUeLIE)
®EED e HEED WEED WEED WEED WIED WEED HEED HEED W0 = uopewnaq pg
HED WED HED WEA0 WEA'0 WIA0 WEXD WEFD HEFD HIA0 "IA0 = ueapy
®ETL W5 WET L WEL WEL WET L WET L WL HETL WET) W) = WnWEeg
000 000 000 w000 w000 w00 wOwn w000 w000 w000 w000 = Wnwiuy
5448 siog 54d3 5408 5iM3 54na 5474 5448 5rd 5404 5LHE 1133

I A I A AT A A AT AT A1 T8 AT AT

ST SiEdd L SO SN SIS L SR SR Sra L SR GIHI L SO uondusag
G = LG | S L LIS L | 05 0 M LG | S T LBt L | 0 0 L L DG | B L LB LN | BB b LD 0 MRS | BB b L LM LGN | B b LMD LG | BB L LB LB | S L LA =0 L o
“sipndl M | -5 gaalduemn | 5ol Muuon | Sl | -sepngldusoe | -agaluon | -sapyglaiunc | -sagrdlaiuoun | -segElauinn | SRl UL | -Gp0a]d uign
9 210 HLMOHD | 66 200 HLMOED | 26 20 HIMOWS | 26 00 HIMOHI | 9¢ J00H HIMOES | &6 I10H HLMOHD | #¢ 200 HIM0HD (£6 300 HIM0Ha (26 3007y HIM 9 | 1e J00H HIW0H 9| 08 J10d HIoda

HIEE L 18 HIEE L 18 HIEE £ T8 HIEE £ T8 HICEL L TR HICELL TR HICELE TR DL DL HIEE L 1R HIEELL1R awey
ATHANY ATHAY O ATHAG D ATHAMG D A THAG D ATHAEY D AT D ATHAHY D AT D ATHARY M ATHAY

255



ol 8 HFL HFA A W5 A Wil Wl 8 | WET A WEL 8 *L08 BALE = M3y e
il '8 Wl '8 Wl 8 WEN wEl'8 WEE wLra W5 BTG T BETE =34 W6
hid 5 Wbl § Hold'5 WAL'G WS Wl WELE WG BEFE BT S i = Ay e
T Wl 5 i WG WSS WEE G WS IS5 BEE WS BHE'S = M3y e
HAT5 A5 Hl'5 WFES WLE'E WIS WS LS BLES WES BATE =3y et
HWll'5 HAl's WEl'5 WLL'E WEL'E WELE WELE WSS BTG WS RIS = Mg Wik
HWldF Wl B Wl F w05 Wl wbIE WIS WELE BhE BEVS BEVS =g 1ed
b WEl R Hll'f WEXR LR WEEF WREF WIE w005 WS BITS = M3d WM
WESF WEEE WB5F itk WELF WELF WELF WilT WY WY W00s =113 bk
o Hlb prlo LT WES T WEXF LR Wit S RATE WrE T = M4 wig
WiTF WiE W0EF WEET HF BEF hea WEAT TR WLt WY =213 k¥
LD Wl b HllF WELR WEF WIEF W R ISR BES T EA LT = M3 Wik
%BEE Wl HEIF ®EE BELF WETF WETF BLET HEFE HEET LT =13 g
Wl E Wl 'L Hld'E WERE WENF wATF LR wE REER WEER BITF = Mg Wit
W5 HIEE WliE WELE WERE ®IEE wElE E1R HATE HIFT wH0AF =03y hig
AL Wb £ W5 E W0YE WAYE WALE WY E WREE Eod WOER BLEE = M3d W
%AlE Wl BT WLEE WS WEFE WEL'E WEXE w00 waly pTead =13 Rkl
Wl B2 Hol'E Holl'E wLLE WL E WEEE WEE W E WELE AN REZR =34 Wil
%857 %HRET %HRET WELT wEET WENE Wl WEEE WFE HELE E18 = M3d
%El'5 HENF %l w5 WLEF WEEF WLTE WATE REFR LS BIET = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
FLELOLE LELSLDE AEELLDE i 586D SELSR0E BHFELTE LEOLT & ALENELE SECRAL'E alLiEE BRAERE T = Sisopny
H0-360°F L0-308°% 1= 2 L3882 2= 03662 10-388°2 103552 L= L0329} £0-351°T = S5
O34 | FO-3L5) -3 | FO-32E | O35 | 031V L S0-3E6°6 S0-3TE° R 503 5038 % S0-3E5°T = #IUeLIE)
%R WS Wk wELL wTlb WE0L wO0L ] W0 HEID %050 = uopewnaq pg
it Hl5F WSt WA WEAF LA WILF Ll WIET HETE W = ueapy
%A HR0E HEEE ®ElLE WL BLEE wlFS wale WEEL WAL TR = WnWEeg
Wl 0 il | Wl Wl WE L WL W L WA | Whl'E Wil T BETE = Wnwiuy
LEbn 1ELL VELS LELd bk Leld LELD LELN LELA LELT LELA 1133
niney e nigng b e} neng Indho o ey Ininey ey g uonduasag
L 43 01 YA no 6 ¥Adw o 2 WAoo 2 M3 nn LRI [ BT )] LRI i) £ HAenn Z Ao 1 A
AUy ISTUANI | 2 LSTUIUNT | 300 LSTUAUNT | 20 LISTUIUNT | 20 LISTUAUNL | 300 LSTHAINL | 209 ISTHAUNL | Ud ISTUAUNT | 300y 1STUAUN | 200 ISTUAUNL | 30 1STYIINI awey
ToNHNY ToNHNNY ToNNNY ToNNNY ToNNNY ToNNNY ToNHNNY ToNHNNY ToNHNY ToNHNY ToNHNNY

256



TR HoFh 8 Wl A WEEA Wlh 8 WEXE W8 Wl '8 A BT w049 = M3y e
58 Wl '8 Wl 8 wLld wELa w8 wELE whla ] w*ala *ala =34 W6
Hld'5 Hakl'§ WAL'5 Wil WG Wll'G WLLE WELS WELG BEE S = Ay e
Wb 5 Wit 5 Wl 5 Wi WS Wil WEFE s e o WS = M3y e
Hll'§ Wil 5 Wl wEb'§ WELE b5 T walLE BTG WS BETS =3y et
R Wbl F HEXR WETT WETF LR WZEF WG T N A BEIS = Mg Wik
WS HlSF W3 WFEF WEF WELF WELF "ALE BT RETF *ATE =g 1ed
b F Wl priaa W WSF WEEF WAEF WES T "IT Eooth REST = M3d WM
WFEE WITF W YA WBEF WOEF WEET . Yead W Wi WEE =113 bk
%A W0 W0 wlLLE WENF whLF WELF WELR BLTE BLER WEER = M4 wig
B HAEE lEE WIEE HE S HEEE FANN Wiy Wil WELE Wil =213 k¥
Wb E HalL'E Wkl E WL E WaLE WEXE WL E WlEE WEEE LB E T = M3 Wik
%l HITE HESE WFEE WESE WA WA WELE HELE WL WAL =13 g
BT E HEEE W E WEEE Wl E Wl E Wbl E WETE WETE "L RAITES = Mg Wit
®TLE WELE %RlLE WITE WETE WETE WEEE WS HEEE W WL =03y hig
Hlh'E Holrl'E Wl WEN'E WEN'E WEIE Wl E wALE WEL'E WL RHTE = M3d W
%liT %HRET WELT WELT WELT WERT WOET WOET HiET WENE WAL =13 Rkl
Wb 2 Wl E ol 2 ol WLEE WEEE WENE Wl'E WELE ELTa ROt =34 Wil
®I0T HTLT %07 ®BLLT ®LLT WELT WFTT wFET HIFT WL WEET = M3d
HlZ'E T Wl E WETE wO0F WATE WLEF W"ZlF REER WL BEVS = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
BOEASE E5RLES E Elokar g FIRALEE LG LG & ARSI E SOLLGLE ST E clell'g L&k E E51990°E = Sisopny
FEBELETO MESRLEED LO-IFED EREEEES0 2= L0-38%°% LETELEFD BEFERLF D) 19L281F 0 SELET0D SETFRRED = S5
3Lk O3V E 3518 FO-3ELE 03012 FO-3E0°E 0334 3L -S| 3L 0324 = #IUeLIE)
ol b Wit b Wil woF L wEFL Wik L WLl wFEL HE ) W W0EL = uopewnaq pg
Wl BT BT W LR WET T BLER WFEE BLET Ao BEFE = ueapy
®EE0L HLEOL LB 0L w010k ®al 0k ®EL0L HEXE HEYE HIFE HEXE WEEE = WnWEeg
W80 L8O Wl 0 WD Wl L WOT L Wil L WENL HEL0 HEX0 B0 = Wnwiuy
LELdT LE LT LE LI LELDT LEban LEbT LELE LELL e LEL LELA 1133
niney e nigng b e} neng Indho o ey Ininey ey g uonduasag
& YAvno 1 HAe o 02 YA 1wnn 61 YALHND 21 YA D 21 M3 o 91 YA ¢l HADIY #1 YA £1 WA AR =T L
AUy ISTUANI | 2 LSTUIUNT | 300 LSTUAUNT | 20 LISTUIUNT | 20 LISTUAUNL | 300 LSTHAINL | 209 ISTHAUNL | Ud ISTUAUNT | 300y 1STUAUN | 200 ISTUAUNL | 30 1STYIINI awey
ToNHNY ToNHNNY ToNNNY ToNNNY ToNNNY ToNNNY ToNHNNY ToNHNNY ToNHNY ToNHNY ToNHNNY

257



HFAH Wl '8 Wil WL WERE WA WEXE Wll8 *BLA Wil A W06 = M3y e
W08 Hal0°8 o] WEN w0la WENS IR wlla w*Zl'a ®L09 80a =34 W6
W55 W55 Wil WA 5 W5 WA 5 WA 5 "5 BEFE BEE BEXE = Ay e
Hll's W55 Wll'5 WLTG WLTG WET 5 WLTE WEL 5 W5 WOE'S "IES = M3y e
bl F HEEF Tl W WBEF WS WEEF WrET BEET REDS WS =3y et
HWl8F Wl F Wl wATE WRLF LR WELF WELR AT LT poTAt o = Mg Wik
HFF Wbt ¥ Tl F WEFF Wbl F ol WlFF BEE BEFE BESE BEGE =g 1ed
AT WlTF porA WEL R WELF WITF WL R WOER WIET WEER BT = M3d WM
WE0F R W50 WEDF WENF wolF Wil wELY WELY Wbt b =113 bk
2L HldE A E WEYE WY E Wl E WERE WLEE WEEE AN BETR = M4 wig
B WbEE R8s Wl ®HEE BILE WELE WELE WodE WodE W =213 k¥
Wl 5L Wbl £ Wi E WG E WLEE WP E WESE WIEE BAYE WYL WYL = M3 Wik
%I HDEE HEEE WL WEEE WL wFE WEE HFE HiFE WAL =13 g
Wbl E Wl & Wil E WL E wALE WELE WETE WHTE BT E B L BHTE = Mg Wit
HlE T WHEET EET WEET WEET WENE wA0E w0 HHE HEEE WE0E =03y hig
Hl4'E Wil 2 WL’ WALE w0YE wLEE WEXE whYE "ATE "ETT BT = M3d W
%D Wbk T %WlET ®lET WEST ®OAT WLFT WEET HEST %997 AT =13 Rkl
T2 WlZ'E AT WRTE WATE WEE WLEE WEE WE'E WET BIET =34 Wil
Be L R Rk wEE L WL WEE L WEE L WE L WEE) W9E | ®00E = M3d
HlDE T E W4 E Wk E WREE e WS E WELE WREE WEE'E A = 4poy
0 0 0 ] ] ] 0 0 0 0 0 = PAEnIe] s1003
AGLLESE FERGRT £ AR5L0EE LR0ZRE & BRELLTE ALBFEE BLLEEE'E CRISSEE ootk =S ELSTITE ekl = Sisopny
HETF0ED SPE05E50 BRELTIE0 LTFSFE0 SBLESTY 0 5EEEES 0 LEESLEED SFESEEE 0 S088E05°0 GOFEELYD GLEFTAND = S5
38 FO-3LEE I A PO 2 FO-3ETE =T 03418 3L E FO-3LLE O30T 0327 E = #IUeLIE)
Wbt Wbt L 051 wOEL weF L il wif L wiF L HiF b HEF WEE = uopewnaq pg
W0 Wl WENR WEF wANE WilF WEF Wil wIlE Eod N BALE = ueapy
%LE 0L HOL0L HELE HlF 0L ®O00L WEF 0L wE00L wAE 0L LN E W0E L = WnWEeg
W30 WED Wlrl 0 wA0 WS 0 WEL 0 WEL 0 WES 0 BEF0 BLE0 L0 = Wnwiuy
bEbow LE bd LELOT LE LR LE A LEL T LELHY VELIMT LELT LELHY VELDT 1133
niney e nigng b e} neng Indho o ey Ininey ey g uonduasag
££ YA no 2 YA no 1€ AT 0 YALHnn 62 WAL D 92 YA D 12 YA 92 YA Z ALY #Z WA £Z YA
AUy ISTUANI | 2 LSTUIUNT | 300 LSTUAUNT | 20 LISTUIUNT | 20 LISTUAUNL | 300 LSTHAINL | 209 ISTHAUNL | Ud ISTUAUNT | 300y 1STUAUN | 200 ISTUAUNL | 30 1STYIINI awey
ToNHNY ToNHNNY ToNNNY ToNNNY ToNNNY ToNNNY ToNHNNY ToNHNNY ToNHNY ToNHNY ToNHNNY

258



®58T T BEL'T WET Wl'3 %hLY HEL'D %ETY %ETY %9 %9 = 2034 %06
%072 %ETT LT %ETT GG %EH'S %IHG HIEG %009 %09 %009 = 2034 %06
HEL L %ALL L L "L NG REF'S BLFG HEFS WS %IFG %O5S = 2034 %eR
S L Wil L Kl L KL KEL'S %IL'G %9L'G %AL'G %L'S %EL'S %LLE = 2034 %R
%AkL %akL %Ak %Ak W BB Wt %Al %Y %5aY %eaY =034 %2
%260 %260 %260 %D %95 %A %09t %At %0FY %eqY %Zqb = 2034 %02
®LTD %590 %EI0 %390 WEET R BT B REEY %Y Bt = 2134 %09
%0 %SEH0 HEF'D W0 %OTH KLl %Ll %ALY %TH %Y %ELY = 2034 %09
HAZT0 HETD HETD W0 %00t HIG'E HIG'E %00t HEE'E BLEE N0t = 2134 %ig
%0070 %00 %LO0 %00 %0IE KELE %ILE %OLE BLLE %OTE %9TE = 2034 %06
HELD %Ak Hako %EL0 BLIE HEFE HAE HETE HIAE WAL BLTE = 2134 %tk
HTH 0 HER D B0 KD HOW'E %EE'E HIE KOS S BLHE %IEE = 2034 %o0F
A0 "0 prea %S0 WETE HTE WTE WETE BITE BITE HIEE = 2134 %E
%AT0 %060 TED WE0 HED'E KOS HEN'E %LOE %ITE KEOE %OLE = 2034 HOE
WL Ak wakh WET L WIHT HEAT T HEET HEAT BT HIET =134 %iZ
KA L %5 b %25V %OIE WAT AT %EAET %EAET %EIT KOLT = 2034 HOE
BEL L R e W06 b BT Wk'T ST 05T BT BT BT = 2134 %l
%L WLET WET %05'T BLLE %OTET % %ETET %ETE %ETT %ET = 2034 %L
HEVE WLV HE0E HLTE W2 HiEL el HE L %91 %L HETL = 213d %
HELD L0 E0 %370 %OL'E HIGT %I %5 KIS %ELE %8TE = apol
1] 1] 1] 1 1 1 0 0 0 0 0 = pARInIe S10.03
BLERLE 285295 ¢ 376981 ¢ 209201 § LOSBE'E L18287°8 SB067E 3E95AL S SFIL9ZE S #66LZE 20LLERE = stsopny
1E5152E 0 SPELEAT 70-365 8 2hEEel 0 SOBSFES 0 40545550 0540650 LLE006S 0 LELEZET D GLOBBSS 0 BELFED = sEaUMMS
#0-208°8 #0-295°8 PO S F0-208°8 F0-257T PO T #0-3ETT = #0-321°T #O-3E2T $0-317E = adueLe]
W2} HEE) %08k NI WL WL e %L %L | Wb L = uonensd p§
HIO0 00 A KO0 HF6'E HSHE %IHE %IGE %EEE NBEE %00F = ueap
%769 H549 WITL WhE'L w0k WEE %ZH0k HEFE %901 %Ak L KA b = WNWEeY
HALE BT 8 pEE BlL %0L'0 Wi 0 A0 %950 %EFO %ELD %ZTD = wnwg
0439 [ETRE] [ [ [ LE M LELAY LEMNY VELLY \ELEY LEkd T 1P
(5 mubel (5 mubeL (5 mubeL (I5 tubeL
Grake 0 LEIgYa | $Z0kE0 0TLEMEZY | BATRED 0TLEMEAY | Bxwlean 0 TLE MY o g wigno wigng wing Hing g uogduasag
-OEKBR1Z ONRUUON | -0ELBR1Z ONIRUUON | -0SLER)Z QJIRULON | -05 L3R ):Z QIeUUon
+ U0 £F WD 2 WD 1 WD 0F HALNND 6 o MALYND 1€ MADIYND 9 ¥ALUYND € WALNYND £ ¥ALYND
U0 ISTUIINI | 200 ISTUIINI | 20 LISTUIINI | WY ISTUIINI | WY ISTUIINI | 200 ISTHIUINI | WY ISTHIINI | VY ISTUIINI | 2V ISTUIINI | W ISTUIUNI | 30vd ISTHAINI swey
JINUHI % JINGHD % JINGHI % JINYHI % TUNNNY TUNNNY TUNNNY TUNNNY TUNNNY TYNNNY T NNNY

259



®58T T T BT WEL'T WET %IAT %0IT %SAT NEAT %ELT = 2034 %06
2Ty 61T BLLT %31'T %OTET %IL'E %IL'E WTET %ELE %TT KOTT = 2034 %06
BLLL 1) %A "L "L %L BiLL %ELL BLLL %ILL BEL L = 2034 %eR
Kl L Wil L Kl L WL WL W L %L KL %L %L BERL = 2034 %R
BB L BLh) %Ak 2T %ak'L BlkL %AkL BLkL %ALY BVL BebL =034 %2
%260 LD LD %260 %LED %ZG0 HLED %ZED %TED %ED %OGD = 2034 %02
%230 %040 %040 %I %LF0 %EA0 %290 %830 %8T0 %9TD %ITD = 2134 %09
B0 %0 b0 %050 %H'0 W%tk 0 %0 %0 %D %D %eD = 2034 %09
0 W0 WL %LT0 %LT0 W0 %IT0 %IE0 %5T0 %ETD H5TD = 2134 %ig
%0070 %LO0 %a00 %E0'0 %00 %S00 %000 %00 %00 %S00 %00 = 2034 %06
HELD %Ak Hako LD %EL'0 %ELD LD B0 BLLD BOTD HebD = 2134 %tk
pA BLED A o A %90 %BED %BED %9E0" KD %EE D = 2034 %o0F
pra %030 HLAD pra HIH0 HEF0 HIA0 HEAD HETD HETD K50 = 2134 %E
%AT0 %060 HELD %ELD WHLED %990 %990 %990 %BI D %OED HLTD = 2034 HOE
prIee Ak wakh Hebh HebL HibL Hibh %Akl %Ak BTV KAkl =134 %iZ
HBE b WL Bobi b WL %L %G1 %L %L L %51 %31 = 2034 HOE
WL wLlb p AN HLEL %08'L %ol HiEL HiEL %91 %91 HEE L = 2134 %l
BT %ATT wWIT %OoW'T %I %EE'T %eE'T %LET *WET %LET *HET = 2034 %L
AL WLET WHTE'T WEN'E WLET HOL'E ST e HTLE HLTE HObE = 213d %
A0l W0 %020 KEND HLOD %30 %210 %00 %L D AL %OTD = apol
1] 1] 1] 1 1 1 0 0 0 0 0 = pARInIe S10.03
LOOKEE § SPLLTE 590025 § 189699 ¢ IPISEE S 191808°% BEORLYE SBE0LTE 19851L5°E LRT99T S BLLZAF S = stsopny
4906061 0" 5851 0 L81zzel o ShUB0LE 0 Ap9EFSH 0 SPE0STE 0 azLLERL O 3506894 0 SHEEAPT 0 2955204 0 BZATRET D = sEaUMMS
#0372 8 #0-361°§ #0-202°§ F0-23T 6 FOALTE F0-3578 FOFETE FO-ALTE #0367 S B0 E $0-337°8 = adueLe]
%08} L) ek HhEL HELL %0a'L HELL HELL %L g HhEL = uonensd p§
HIOD HLOD BLOD HEDD HLOD: HEND %ZND HETD %ETD HETD HETD = ueap
359 %ale 6D WAL %959 HEF'G HdEL HES'S HETY HOT9 HITE = WNWEeY
B0 L 5T 9 %alE HLOE %B'E HLOL HLLE %8TY WL %rL9 BEL L = wnwg

[ETaG] RG] 0g44a [T [N 0ELHE 0£kod 04448 05438 i) 0£LDd 1P

(15 0ube (5 mubeL (15 Dk (5 0l (5 DubEL (5 mubsL [l5 tubeL (5 Dubel (5 Dube L (5 Dube L (5 0ukeL
1$73k60 0161573 | $Hake0 0L 1EHA | 19ralen 0 leLgra| Sigigle0 o (L 1919 | $HAkE0 0 LE1gHa [ $oaksr 0'(LE g0 | $4ake0 0 (LE1$44 | $3ake0 0 (LE1$3 | $adken o LE1gad [$oalen o LeIg0g | $adlenoLEIgad uogduasag
OEHPEE1E ONRUUON | -0ELBE 12 ONRUUON | -0ELBIE)E (JIRUUON | -0ELBIE)E ODRUWMON | -0S LG, 2 ONRUMON | -DSLEI )2 0NRUMON | -DELEM1.Z" DIRUUON | -DELGHE" 0IRUUON | -DEIGHERE DJIRUUON | 0% 1B DJIRUMON | 05 IBIE)T D)IRUMoN

6 WD 541D £6 W10 EORT] 16 W10 05 WID 6 WID oF WD FERTIL] 9 WID [27111]

U0 ISTUIINI | 200 ISTUIINI | 20 LISTUIINI | WY ISTUIINI | WY ISTUIINI | 200 ISTHIUINI | WY ISTHIINI | VY ISTUIINI | 2V ISTUIINI | W ISTUIUNI | 30vd ISTHAINI swey
JINUHI % JINGHD % JINGHI % JINYHI % JINYHI % JINYHI % JINYHI % J9INGHI % JINYHI % JINYHI % JINTHI %

260



G.2 MONTERREY-NUEVO LAREDO TOLL ROAD

261



Wl BT TE5 A 7 A0FE BELE =] U T L w59 (oLz"zsaz 1 [nez"a0k¥E] = 13g %46
BLIET %EE'E s %L9'ET %A 020°0 0017195281 %999 %hE'S logp'piz'sz) [0s5"290°3p) = 2134 %06
REDEL HEF1 7 RBEED BESE L0 00E"L5 1 28k HEED BEES [ne0Lraezl (09 vzz"as) = 1ag %eg
%LAEL %0F1 A %EL'ET HEF'E G070 002°92L"991 %EE'S %005 (062 Bp0'E) (099" 192'1.9) = 34 02
BEVOL TdHE 7 BB TE BEEE FLD (0% 56 991 WS WEF L=y (09" Vo) uag e
%5l %BE'G k4 BhTT %EE'E o0 00v'098°591 %EL'S ®OTH [020°621 0] (0s1'920'2) = 234 WL
REYE WL [ RIS TL BETE Lo (0 0% 591 REST REEE L= y= ] [o00"z00%: ] = 1ag %69
%ETD %ALE k4 %56'TT %ETE 0o 000°286°91 %S %€ (01539, 5] [09s"cLa'e8) = 2134 %09
BT %06'0L- k4 %Aalk'ze HELE 290°0 003'Fr a1 %ETH BEE'E [0Le"5z2 2] [056"58L"28) = 203 %
WES HLAEL k4 L6 1T %EL'E L300 006'526°591 REEE AR [opa'vLz"08) [0zz"552'L8) 1A HOC
BATE HLEFL k4 BT HEO'E 490°0 000'FLE"E31 BEIE ®al'Z [oF3'sv 17251 [0Ba'E58"56) = 2034 Gtk
AN %508l k4 %55'1T %E0E 5900 00v'ZLL'291 %EE'E %EH'T (025" 2585 [00g'562'001) = 2034 Wo¥
"ET L %9 2h k4 HIEIT H0E a0 002821 291 %LTE %22 lnz2'az1 951 [00a'z52'v01) = 203 g
pATIR HGLBL k4 BLOLE NLET £90°0 002" 11181 %EAT %EE) (025 "sepag) [o0g'8z5"201) LA WO
TN HeL1Z 0z 0T HEET o900 00k F08"091 BEE'T ) (03t 'zzp 09 [o0a'g8z's4 1) = 203d hig
Wlb 7T %00HE- 0z AR %6aE 1900 001699651 %IEL KDL (02576229 [00L'E21'B1L) = 234 W
HEY BT %7582 0z HLVOT T 0900 00k Be5"a51 BET'L W0 L= R=PR [00a'595'521) = 203 %l
%9585 %e5 BT 0z BLLBL BLLT G500 009°290°251 %ETD %10 [03a'0g 129 (002" 196°26 1) = 234 %L
66 BE Wb ES 14 HSTE HEIT 2500 007938 51 A0 W50 lns4'606 02 (002822t 1) a13g %
AL %EF'ZL- k4 Wb TT %ENE 090°0 002'29¢" 191 %LEE %WhE'T (09" et w5) (028" 255'56) = apol
1] 0 0 1] 0 1] 1] % 3 0 0 = paeInajeq s10u3
#2EIT T LFB0ST T THITEE T 5B0B6E T SELOOFE SLL00F°T B0 1 ZBekLL S seerl s FOS0L0°S L5epLaE = sisopny
£0-3286 22ss0b 0 50-326°6 £0FL39T 0 121950570 LA5RIEE 0 SIZE596 0 E0-3L0°E 03} Za0LFL | ZoIhL = SEIUMHG
FO3EERO D 26HFLOT0 2LGELLS D #0-20L°2 0T 503165 14316604 L %900 %500 43268 S43LL L aIuELIE]
HIE0T a0z b 5L %D 4000 2LL5E LY BT HhET 0Le'zaE"el 054'E02 ks = uogemag P
HATF %eF TV k4 REL'LT %LLE 290°0 006°020°591 UEE ®ED'E [025"506 3] (016" 1608 uesy
6B %260k 7 56T HEE'E 0600 00F'595"291 HOLZL VL 005°899°L5 00E"8L0"ab = wnwpcey
26 B %6 BE" 6l llEl %EFT 5500 005001561 HETE LB E [0zy"126'92) [00r"020'292) = Wy
2 520 LN [ i) [ ] GO 302 202 02 129

[ 0's0-'52 0% 500 [Lotn . (52 [ (60 (000685231 000000

Jewons [sroziodewenr| SO o oy e e 2ibueuL | a0 oS5 o1PueuL| 91 onsessiol e e Sl L e uopduasag

iEThiE ] iETR =R it

10w sng 100 Wy FINGEHIS 1509 1509 . e 1509 W1 AUMDI Wl 193r0ud AdN ALIND AdN 193r0Ud awey

193roud NOLIVUISININGY | TUNNNY ¥SN'HW | NOLLOITI0D | NOLINUISNOD
HIJIHYHD % | HIJINVHI %

1100

262



[ e BeVL %Ak %AL'L BLb L %Y RELY HbE B8 %398 %88 6T = 213 %66
BLTL %90 HEO L BLDL %90 %0l %05t %GH %BY Bl %99'8 %0 LET = 2134 %06
BhL j3tigt %I b %00k %00b %00} %Y %ETY W%E6 £l %398 %ET E3L = 203 %eg
%60 WD %S0 %60 %D %60 A %O0Y %6501 %99'8 %EL 191 = 34 02
%230 %BA0 HET 0 %280 %BE0 HEED WELE RELE H568 %39°8 % BEL = 203 %l
%280 %Eq0 %ET0 %ELD %0 %0 %05'E %FE %hia %99'8 %68 12l = 234 WL
%L %IL0 BELD %L %BLD %240 WSTE NETE H25S %39°8 HET 0L = 2134 %69
%EL0 %ELD %ILD %ELD HELD a0 %O0'E %OTE %l %99'8 %LTER = 2134 %09
BLAD %830 BLAD HLAD %830 ®a0 wHLT RELT HhEE %38'8 o i = 203 %
%ZF0 %EF0 %A 0 %ZI0 %130 %0 %05°Z %FET %al'¢ %99'8 %99 1L = 234 HOE
HAT0 %850 Be50 HAT0 %450 ®A50 "5TT RETT %352 %38'8 ] = 2034 Gtk
%0 %250 %250 %ETD %250 %250 %00'T %OOT %2 %99'8 %2k €S = 2034 Wo¥
A0 HdF0 ik WHLF0 L0 W0 wELL %ELL el %38 HEE' S = 203 g
HEFD %EFD %0 TR0 %EF0 %0 %051 %051 %051 %99'8 %eq 48 = 234 WO
A0 %90 HIED A0 %950 HIE'D "ET L %ETL BT %38 HLL0E = 203d hig
%LED %050 HIED %LED %LED %050 %00l %00 L %360 %99'8 %LLHE = 234 W
w0 A0 HHT0 H5T0 %520 W0 w50 HELD 20 %38 HaL Lk = 203 %l
%LLD %910 %310 %20 %210 %310 %050 %0FD %50 %99'8 %6 L = 234 %L
%OL0 HE0D HEOD %OL'0 %0L0 %00 w570 %ET0 %050 %38 XIS =034 %
%EED %ELD %ET0 %0 %0 %0 %ETT %EFT K0 %99'8 %ELE = apol
1] 0 0 1] 0 1] 1] 0 1] 0 0 = paeInajeq s10u3
2906k T LEPBE6 L 20L26 | 1pLESDT SPLTLE L $25520T 100081 LLBEGL L 5567201 0 GAIT5A L = sisopny
£0-3h8°2 =T 203981 70-356} =l TEERELY - i[9 S0°306° 1 4TBAKE 6 1 aE65EE | = SEIUMHG
50-350L 50-320°L 503011 50-350L 50°390°L 50°360L #0-230°7 #0-330°7 20352 0 10514260 = aaueLeq
HIED HEE'D HEE'D HTED HEE'D HEE'D froat AL WL 0T %000 HET 96 = uogemag P
%ZF0 %ZA0 %A 0 %ZI0 %ETD ®EF0 %05°T %FT %098 %398 %LE 00k = ueap
"5 %5TL HET L "5 HETL 5T ) %00'S %005 HEY Ebt %38 %TbaeL = wnwpcey
%000 %000 %000 %000 %000 %000 %000 %000 %00 %398 %00 = Wy
580 5id 540 5IN S0 541 50 i 560 #l 520 129
LtV R TN vt ot oo 0 Pt T R VB T o VTG o e S T8
ST SR SN G SHETRL S [ [t [ ewpelamemis | (20 150 s wopdusag
G LIt M | BB L VBB L | O L LAt AL | GO LI UGS | OB 0 L VGG 1S | I T LD MG | LML MBI | L2 MBS IUUOr | 07 3R00° Qluloufo ’ ) o
Sapdld ey | -sapolduuony | gl | gl | -SRI | -G d Uy
I EM“ “aﬁoma 9 EH“ uﬂp..._._.._w_h_#_a & EM“ “:...Eaﬁ ¥ EM“ “_...f.._EEu £ E“.“ “:._Eo.% 4 EM“ “_...”:.._quu I EM“ “_.“._..._Eozu EMH__L__&.”....._EEm TUHNONSDT | Gigeuen o pasy) hmqwir“ﬂﬁh e
210 INNDDSIA | 10w INNDISIA
ATHALHYND ATHILNYND ATUALHYND ATHALHYND ATUILHYND ATUALHYND ATHALNYND | TYNNKNY ToLLNI HI JIHVHD %

263



%Ak %AL'L BEVL %Ak BLkL %ak'L %Ak %L BLb L %Ak'L %AV} = 213 %66
%Al %90 %30 L %Al %E0L HLOL %30l %LTL KL %30l %L = 2134 %06
%00k %00'b EE 0 BhOL HTL %00} %00k %00 b KL BhO'L pragt = 203 %eg
%60 %SE0 HPE D %560 %D %560 %60 %EED %560 %560 %EED = 34 02
%EE0 %BA0 HET 0 %060 %8A0 HEED %D %80 %280 %0 %EID = 203 %l
%0 %580 %P0 %590 %ET0 %680 %Le0 %ZID %290 %0 %ZID = 234 WL
%20 %IL0 BELD %aL0 %BLD %20 %L BLLD ®LLD %80 BLLD = 2134 %69
%ELD %ELD BELD %ELD HELD "D %ELD %ELD LANN %ELD %ELD = 2134 %09
HAT0 %350 HEAD HLAD %830 ®a0 %330 %EAD %330 %830 %EAD = 203 %
%EFD %EF0 HETD %ZI0 %ETD %20 %EFD %ZTD %ZF0 %0 %ETD = 234 HOE
HAT0 %850 HESD B0 %450 HLE0 %350 %950 w0 %30 %E5D = 2034 Gtk
%250 %50 %ES0 %250 %S0 EAT %ETD %ZFD %250 %ET0 %ESD = 2034 Wo¥
HLF 0 %0 ik A0 L0 %30 %0 %D Hlb0 %20 HLFD = 203 g
%2H 0 HEFD %20 pAT %EF0 %0 %2R0 %EFD KD %2R0 %R0 = 234 WO
HLED %4ED HIED AN LD HLED HIED BLED HLED HLED %90 = 203d hig
%050 %LED %ET 0 %050 %050 HLED %LED %LED HLED %LED %S0 = 234 W
HETD HETD HHT0 0 HETD #3520 W0 %ET0 #AT0 HETD HETD = 203 %l
%LLD %910 %310 %LLD %LU %310 %210 %20 %E10 %510 %LLD = 234 %L
%0 %200 HE0D HEI'D HE0D %00 %0L'0 %KD H®0L'0 WHE0'D HE0D =034 %
%ELD %ETD %650 %EFD HELD %0 %ELD %TFD %090 %290 %LHD = apol
1] 0 0 1] 0 1] 1] 0 1] 0 0 = paeInajeq s10u3
FRLTO0E AL06Z0°Z 52007 9BLEIE | SOZLE0E 5575107 ST5H0°T LLENZ0E TEEMO T £1B000°T S350L0°E = sisopny
03T 203k T 20Tkt 20-300°2 i = 035 ) LaALLLD £0-30L°5 035 203 £0-398°8 = SEIUMHG
50-360L 50-360°L 50340 50-304 L S0°360°L 50-390L 50-350L S0°T0°L 50-350L 50-330°L 50°320°L = aaueLeq
HEED HEE'D HEE'D HEE'D HEE'D HEE'D HIED %TED H2E0 HEE'D HEE'D = uogemag P
HEFD %ZA0 %A 0 %ZI0 %2A0 %20 %2I0 %ETD ®EF0 %EFD %ETD = ueap
"5 %5TL HET L "5 HETL 5T ) w5 %ETL 5T} "5 %ETL = wnwpcey
%000 %000 %000 %000 %000 %000 %000 %000 %000 %000 %000 = Wy
5290 5L 547 LA 580 52 LA 520 521 515 504 129

LIPS AN | AT | IRATEE | TS | AT | NS | ELTAIEHNE | Sl TegaE | MDA | 201N TR

SAE R L S S SR GARI L L SN SR S S G WLk SEED B wopdusag
LR e T g s TR e e AR s T g T v T o o e M £ g AR e T o AT o T oy o e e M T g TR o TRy o R e R o
Al ey | -SAEZIAM | Gl | ey | sl ueny | - uLey | gl uenin | -sap Ll | -gagaldiuuegury |-G 1A uuniey | -5Ag Uy
21 VY HLMOHS | 21 2007 HLMO0US| 91 10 HLMOUS| £ 200 HLMOUS | #1 200 HLMOUA| €1 100 HLMOUA| 21 200 HIMOUS | 1 200y HIM0US| 01 100y HLMOWA| 6 100y HLMOWD | & 110 HLMoWa

UL UL JIEE LT UL RIEE T JIEE LT UL IR LT JIEE LT UL UL awey
ATHALHYND ATHALNYND ATUALHYND ATHALHYND ATUILHYND ATUALHYND ATHALHYND ATUALHYND ATUALHYND ATHALHYID ATUALNYND

264



%Akl BllL BLbL %IV %I Wl L %L Bdl b %LV BELL %Al = 2034 %66
%Al HED'L %80L %E0'L BL0L A0’k %ALY HOK'L %E0L HE0L HA0L = 2134 %05
%00 %ETL %ETL %01 %O0L %001 HLOL KDL %001 %L HI0L = 2034 %2
A0 WD %ED %EED %PED HEE'D %0 HSED %0 APED %560 = 2034 %02
%L %3E0 %LED %ET 0 BETD %280 %LED %3E0 %80 %ET 0 %380 = 2034 %L
%20 HEAD HEAD %PE0 BEXD BEE'D B2 HEAD READ HELD HEED = 2134 0L
w0 HLLD HLLD %ELO HELO B0 HALD HILD %eL0 HELO HELD = 2134 %09
HELD HELD %ELD %ELD BELD HELD HELD KELD %ELD %L0 "ELD = 2034 %09
%LAD %LT0 %2T0 %ET 0 %ET0 HLID %290 %LTD %2T0 %ET0 HETD = 2094 %G
HZAD HEA0 HEAD %IAD BEXD HEFD A0 HEAD %EAD A0 HEFD = 2134 %0
HLFD %450 %450 %950 HES0 A0 HESD %450 %950 HES0 %Ha50 = 2194 %tk
%250 %250 %ETD %50 %250 HETD %50 %EFD %S0 %ES0 %ET0 = 2034 HOF
B0 %0 %D %D %20 %20 %20 Kl D %0 %Lk0 %20 = 2034 %
%2F0 HEF0 HEFD %KD BEFD HEF'D HEFD HEFD BERD B0 j o) = 2034 HOE
HIED HIED HLED HIED HEED LD HLED HAED HLED HIED HAED = 2194 %2
%250 %050 %ZE0 %LED %LED HLED %LED %LED %eE0 %LED %050 = 2034 HOZ
%570 W0 %0 %T0 %HT0 BLTD 0 %ST0 %ET0 %ET0 ®ET0 = 2094 %l
%810 %Ll0 %IL0 BLVD %30 %20 %310 %LlD %BLD BLVD %310 = 2034 %L
HEN'D HEAD HE0D HE0D HEOD HE0'D HEND HEAD %KD HEOD ®300 = 203g %
%LA0 %IL0 %50 %ELD %EED %EID %5890 %550 %230 %ETD T =apol
0 0 i i ] 0 0 0 i ] 0 = paEINIE] s10ug
120150°E 7L88L0T 16350°C 251996 1 T3LBE0T 1TEL50T EES5L0T 23pLEN T ZBSIE0T 2T I0T 138800°2 = s1s0pny
PSIEZEDD 20-302°2 E52P00°0 £0-39F'8 20-356' 1 20-305°2 TOEELLOD 20340 =g 20-36k' 1 20-324 '8 = ssaunMg
50-350°L 50°360°L S0°390°L 50°360°L 50°390°L 50-350 L 50-390°L 50°320°L SOr350°L n=rligh 50°360L = aueuey
%260 %EED HESD %EE'D %ESD %260 %250 HET'D %eEE0 %EE'0 HEED = uopenag NS
%ZA0 %2A0 HETD %ETD BETD HEFD HEAD HETD HETD HETD HEFD = uean
BETL "5TL %ET L %ET L BT BETL WETL "5T L BTV BET L BT = Wnwecey
%000 %000 %000 %000 HO00 %000 %000 %000 %000 K000 H000 = Wy
s GLTY SO SAPT 5 G2HY 509 G4 BE 5eQ 5200 [IE5]
WA A LiFT iR R LiF T 4T LM WA TE AL AR AL LiFi e LiFT TR LI A LM LaFTii Tt
GETI L G SRR SR L “SEH L Sibo Ll SR G GEROT L SR L L SUEE L uondusag

ST L VBRGS0 L VB LD SR L IS L | B T L LBt A G | B e 2L e LG | 08 R L LGS | BB L MBI R | OB B V= S D A e L KOS MG | B W LBt A G | IS e L e LG o

-G To)anuuopey | -gagrlanuaomun | gageyldiluuepun | -sagdddusapny | -sapH)duopn | -saponldiuuain | -gebawldiuuopun | -sagavlauuemn | gepauldiuiepun | -Sapouldiuuapn | -sigaw)uuogn

62 L0 HLMOWS | 2 200 HLMO0W | 22 00H HLMOYS | 92 10y HIMOUA | (€ 10 HLMOUI | #¢ 10wy HLWOHS | £2 210 HIMOUS | €2 200 HLMO0WS | 1E 100 HLMOYS | 02 1Y HLMOU| 61 11vH HIMO0YI

HIEE T HIEE T HIEE ST HIEE AT HIEE 4T HIEE 4T HIEE T HIEE TR UL DUl HIEE AT auwrey
ATHALNYND ATUALNYND ATALNYND ATuALHYND ATUALNY D ATHALNY D ATHALNYND ATUALNYND ATUALNYND FRHETR ] FRETE )]

265



%A L Bl BV %L Y WL el Al %ill Wil A = 3d e6
G| %a0'1 %90 Hil'L %901 %401 %90°) %901 %i0L w0l S0 = 3 d %06
HE0 L 00 SO0} BT B0l EATg %0 B0l %001 wl0'L HEED = wag tee
HIED HBED WD HEED HIED %IED %IED SHED 5B D WEED HIED = uad %o
%290 %350 %0 %280 HELD %890 %ELT HELD %890 %EYD EALY = wad et
%EQD %e8D %0 %EQD %he0 %E9°0 %290 %E00 %E00 %ee0 %200 = uad %0s
%iLD HilD LD LT HELD %Al %40 wALD %840 %340 LD = 1ad o9
%L HELD H2LD %ELD %ZL0 %240 HELD %ZLD %ELD WELD %240 = ad %09
%A EXLN LD %0 S0 %240 %240 LD %240 w240 90 = aad it
%EF D %EHD %290 %EFD %EHD %ET D %EHD %290 %290 %240 %E9D = uad e
HITN $iTD HLSD %50 E¥L %IT0 HITN S50 %350 %350 a5 = Mad ik
%ZED HESD %S0 %ESD %250 %250 %ZE0 %250 %150 %ZE0 %250 = ad %ok
%D HikD Hit'D 520 SO0 SO0 %D S0 %0 W'D 9D = Mad e
%0 %D %D HEFD %I D %20 EATal %I D %20 wEH0 %20 = uad e
%3270 %350 HLED HiL0 EFL %980 %320 %950 %480 %320 %450 = Mad E
%0270 %IED HIED %D %050 %0870 %080 %150 %180 %00 %150 = uad %E
HHT0 %320 #ITD R0 #ET0 %ET0 %220 %520 %570 Al HHT0 = aad Bl
%10 %210 %410 %D %410 %410 %D %410 %810 %D %910 = wad %L
HEDD HE0'D EAIN HE0'D %900 %010 %010 %900 %600 %200 EATN =atad e
0L %IED %G D %180 %a0 %BS0 %200 HEFD %0 %540 %990 = apol
0 0 0 0 0 0 0 0 0 0 0 = paEnIe] s100]
SELRE L 2508102 Z0Z190°2 120180 E £90600'E SrLLEE | 9396 | 202002 24020 E LSPELIE GORZH0'E = sisopuny
b= 13 203k L Z03eE WX = L3 SOy 3=y LLLZSE0D bA%= 1B Z0r 30kl = ssIUnMg
S0°360°1 50°390°) S0l 503501 S0r30L 'L 503201 S0°390°1 50r390°) 50°350°1 S0°3L0'L S0°3g0'L = auenen
HELD %2L'D #2ED %2L0 %20 %eL0 %20 %250 %200 %20 %250 = uopeEwa PIS
HEFD HEHD %EAD HEHD HEHD %240 HEHD H2HD %240 %EHD %2AD = ueayy
%L %37} #IT) %L %57l %5T') %) %571 %571 %Il %57 ) = wnwigel
%000 4000 S00°0 %000 4000 %000 %000 %000 %000 %000 %000 = wnwnuig
SR Sl S SN Giln 55t Si sib Sidi 501 SN 199

WA Trra1g LA Thra A a1 WAL LA TR A Trra AT LA Thr 9 1 WAl Al AT G WAV T 1

S B L SIATRLL G GUELT L ST AT bR SR SO R UM ST L -
G0 LG | S5 T L LEIE = LB | 0B L DB MG | BB B LG ot DG | BB L LEE e G |  0 L DAE=tr L E | BE r  LEIG = A LE S | A 0L LGB L G B b L L=t LG | S L LM LS | BB L LA o L e o
-] ey | -sepaldiuuepun | -sabnnlailuogun | i) duson | -sapsnliuuegn | sagevldluuogun | ool diuen | -Sgdnlaiuuogun | -segon)iuuen | -Seeil e | -capiglaiusegun
OF 10V HLMOUS | 68 2V HLI0HSD | 28 L1 HLIWOU| 28 2IVY HLMOUD |92 200y HIMOYA | 66 VY HLW0UO | ¢ 207 HLMOUD | £5 Y HLWOYUD| 28 100y HLMOUD| 1€ 20 HLNOHS | 0F 1Y HL0u9

IEE T ITHL IdSvuL IR T L LUl VUL UL IEE YT VUL UL awey
ATYANYID ATHALNYID ATUARYND AT ATUALNYID ATUARYND ATV ATUALNYID ATUANRNYND ATHARNYID ATUALNYID

266



%A L Bl BV %L %kl %3l L %L Al %L Wil Bl = 3d e6
%20'L %G %40 %20') %401 %901 %901 %901 %901 %401 HEO'L = 3 d %06
%00 00 EAng EAN 00 EAng %0 %00} EAT %00'L B0l = wag tee
%R HBED HEED HIED HERD %BE D %60 SHED 5B D WED HHED = uad %o
HEYD HELD %0 %280 %880 %890 %0 %990 %890 %EYD EALY = wad et
%EQD %e8D %280 %290 %e00 %E9°0 %E00 %200 %E00 %ee0 %200 = uad %0s
%iLD %aL0 HALD %iLT HIL0 %Al %40 BLLD Wil LD w40 = 1ad o9
%ELD HELD HELD HELD HELD %00 %ELD HELD %240 WELD %240 = ad %09
EAL HaED LD EALA S0 %240 ST LD %240 w240 90 = aad it
%EFD %EHD %290 %ZH 0 %240 %140 %290 %E9D %290 %EHD %290 = uad e
HITN $iTD HLSD %ITN E¥L %IT0 HITN 450 %IT0 %350 S50 = Mad ik
%ZED HESD %S0 %ZSD %250 %250 %ZE0 HESD %250 %ESD %150 = ad %ok
50 a0 D HiD B0 %0 %D SO0 %00 W'D B0 = Mad e
%E0 HWEF D HEb'D %E0 %I D %20 %Z0 %I D %EV D wEH0 %20 = uad e
%3270 %350 HLED HiL0 EFL %880 %320 %950 %880 %320 %450 = Mad E
%0270 %IED HOED %D %IED %280 %10 %150 %180 %00 %150 = uad %E
HHT0 HHT0 HHTD R0 HHT0 %570 EAl HHTD %570 %ET0 %520 = aad Bl
%10 %310 HLLD %D %D %410 %D %910 %10 %410 %10 = wad %L
HED'D HE0'D HEDD %E0'D HEDD %600 %E0'D HED'D %010 %200 HED'D =atad e
%iF0 %HiTD %D %090 %190 %950 HELD %090 %090 %940 %900 = apol
0 0 0 0 0 0 0 0 0 0 0 = paEnIe] s100]
LTI E EISPLDE AUTLT 16320°E FRFRLIE SEGOS0E £50106 | SRESENE GALAL0 T SREBENE EGRAP0 = sisopuny
£0-369° =l =" 2039} = 203 e TS cordars 203 b= IS L9BDEE0'D = ssIUnMg
503101 S0°3i0L 503901 503901 S0°T0L 50°390°1 S0°390°1 50r340°) 50°350°1 503001 50r390°L = auenen
HELD %2L'D HEE'D %D #2L0 %e0 %20 %250 %200 %20 %250 = uopeEwa PIS
HEFD HEHD HEAD HEDD HZHD %240 %EHD HEHD %ETD %EHD %280 = ueayy
%L %37} #IT) %L %57l %5T') %) %571 %571 %Il %57 ) = wnwigel
%000 4000 S00°0 %000 4000 %000 %000 %000 %000 %000 %000 = wnwnuig
5i1 5iH3 5103 5049 5133 5109 508 5193 5i1g SiF LAY 199

Al TrraLg E Al s alrTrraLg AlThra 1 Al e alTrraIg Al Thra 1 WAl Al AT 1G5 WAV T 1

“GUEHARLL e AT L 53R ST SO -5AaRL TR ST UM R UL -
G0 L LG | BOE T L LB LB | 0B L B M | BB B LG ot DL | BB L LEE e G | 0 L DAE =t L E | BE r  LEIG = A LE S | GO 0L LS B L G B b L L=t LG | G L LM LS | BB L LA o L e o
-CipHal ey | -sasoaliiuiogun | -cagdgldiuuen | -cagaglamopn | -Sepaaliiuogn | -sesodlaiueepy | -segagliiuopr | -sapraldivuopn | -sapzvlaiiuen | -sipanlausoun | -sagldiuegn
16 2V HLMOHD | 06 Y HLWOES| 6F 100 HLNOUD| 2 200 HLMOHS | A0 HLM0US| 8F 110 HLNOHD | ¢F v HLWOYS |+ 100 HIM0HS | £ 100 HLN0YS | ZF 100 HLM0US | 1+ 2w HLn0H9

IEE T ITHL IdSvuL IR T L LUl VUL UL IEE YT VUL UL awey
ATYANYID ATHALNYID ATUARYND AT ATUALNYID ATUARYND ATV ATUALNYID ATUANRNYND ATHARNYID ATUALNYID

267



%A L Bl [T %L Y %3l L %L Bl %L el A = 3d e6
%20'L %il'l RGO Hil'l W01 %901 %901 %901 %i0L w0l %901 = 3 d %06
EAg EAnN SO0} EAN 00 EATg HEET %00} %001 Wl 20 = wag tee
HIED HIED WD HIED HHED %IED HEED SHED 5B D WED HEED = uad %o
%290 %350 %0 %280 %880 EAA %80 EALY %890 %EYD %950 = wad et
%Z00 %EQD %E8D %EQD %280 %R0 %E00 %200 %E00 %ee0 %E00 = uad %0s
%iLD HilD HALD LT LD %ELD %40 HALD %ELD LD LD = 1ad o9
%ELD HELD H2LD %ELD %ZL0 %ELD %ELD %D %R0 %ELD %240 = ad %09
50 HIED LD EALA EXL %840 ST S49D %840 WD 90 = aad it
%EF D %D %290 %ZH 0 %EHD %290 %290 %190 %ETD %240 %190 = uad e
HITN %a5D BLSD EAL E¥L %IT0 %50 S45D %IT0 WD 5D = Mad ik
%ZED HESD EALA %ESD %250 %250 %ESD %250 %150 %ZE0 %250 = ad %ok
50 HikD Hit'D HiD B0 %0 %0 SO0 %0 W'D B0 = Mad e
%0 %D %D EATal %I D %20 HEPD HEF D %20 wE'D S50 = uad e
%3270 %350 HAED %iL0 EFL %980 %D %450 %90 wiLD %450 = Mad E
%0270 %050 HOED %D %150 %0870 %10 %IED %080 EAT %050 = uad %E
%220 HHT0 #5TD %ET0 %520 %570 EAl %570 %570 Al HHT0 = aad Bl
%410 %310 %410 %410 %910 %910 %D %10 %910 %D %910 = wad %L
HED'D %200 EAIN %200 HED'D %400 %E0'D %010 %800 HE0'D HED'D =atad e
HELT %290 %080 %ITT HEAD %E90°0 %450 %990 %I50 %050 HEED = apol
0 0 0 0 0 0 0 0 0 0 0 = paEnIe] s100]
122066 | FRLLIE 29002 FERSLIE EORENE 66226 | LHEAE PASLANE 1EGL0E | SST0E0E 09102 = sisopuny
P36V =" 958800 03 Z0°30'T 0T %= T =" AT LA BASERZ0D = ssIUnMg
50°390°1 S0°3i0L 503401 503901 50°350°) 503011 503501 50°3E0°) 50°390°1 503901 50r390°L = auenen
HELD %2L'D HEE'D %D %2L0 %e0 %2L0 %250 %EE0 %20 %250 = uopeEwa PIS
HEFD HEHD %eAD HEDD HZHD %240 HEHD H2HD %240 %EHD %280 = ueayy
%L %37} #IT) %L %57l %5T') %) %571 %571 %Il %57 ) = wnwigel
%000 4000 S00°0 %000 4000 %000 %000 %000 %400 %000 %000 = wnwnuig
51 5159 5143 b3 5id3 5103 5iNg GG 5119 GiHg sirg 199

QL Trralg Al Thra Al s alrTrraLg AlThra 1 Al e alTrraIg Al Thra 1 QI TalgHg Al g Al Trra 1

AR AT ReTE vz TN “iEdARLL od L SN L RTLU=g o AL SN AL AT -
G LG | BT L LB LB | 0 B L B M | BB B LG ot DL | BB L LEE S G | 0 L DA =t LE | BE r  LEIG = LGS | A 0L LGB L G B L L=t O LG | SO L LM LS | BB L LA o L e o
-cipegldiuuegun | sapaaliuiogun | -sipogldiuuomn | -cagaglaiepur | -capogliiuogn | -saugldiueep | -capmgldiusegun | -sastaldiueepn | -copnalaiuemn | -sgegdiegun | -sapElausogun
70 VY HIMOUS | 19 20 HLM0HSD| 09 10y HLWOU| 66 2IvH HLMOUD | 26 200y HIMOY| 26 1V HLW0UO | 96 2V HLMOUD | 66 1Y HLWOUD| +6 100 HLMOUS| £6 20 HLNOHA | 26 1Y HLM0u9

IEE T ITHL IdSvuL IR T L LUl VUL UL IEE YT VUL UL awey
ATYANYID ATHALNYID ATUARYND AT ATUALNYID ATUARYND ATV ATUALNYID ATUANRNYND ATHARNYID ATUALNYID

268



%E6T %E8'T LT %967 HED'E %96'T BLHT HLIE %ITE %ITE %ITE = 2034 %06
%577 HLTT HATT WITT WETT W%0E'T HITT WHTET BEE'T HTE'T BEE'T = 2134 %05
%28 ) %2q ) BheL %L %29'L %2l HLAL %2ql %eTL %ETL %L = 2034 %2
5L 5L froat HERL HHL WL 5L H5E L %L %EHL Wbl = 2134 %
HELL HELL 5L HEL'L %L HEL'L %L %EL'L %ELL %ILL %L = 2094 %t
HLE0 L0 %590 %EL0 %230 w0 A0 %0 %280 %230 %LED =034 %02
HEF0 %ZI0 %50 %50 %50 %50 %350 %550 %550 %EFD HEFD = 2034 %69
%5670 %A50 %EE'D %EE'D %550 %20 %260 %LED %S0 %ETD %970 = 2034 %09
%200 %00 %0L0 %0 %300 %500 %300 %500 %EDD Eran %000 = 2034 et
LD %20 HELD LN %50 TN HLlD LD %20 %IT 0 %ET 0" = 2034 %06
HED H5E0 HHED AT A REFD WD T B0 Bl 0 HOF0 = 2134 ok
%090 HLYD AR HEFD Y0 KA0 HLAD HLTD HELD AL 0 HILD = 2034 %oF
HEE0 HLED HLED %e0 %90 %0 HEED 960 HEED 6D p g = 2134 %E
HATL %Al %Al BLLL BLLL %31 %OTL BTV %ETL %ET 1 HOE' L = 2034 HIE
BLEL B L B L WL %L kL HLEL L BLF L %G | KL =034 %2
HTLL HELL Bl WLl %ZL'L %ILL %HYL BLEL REFL %6 | AL = 2034 HOE
HEDZ %al'z %3z %5hT %LlT T %ETT %eEe %L %eEe %EET =034 el
HEFT REFT "2IT WIT WIT "GLT HILT BLLT RELT HEAT BEAT = 2034 %L
e A HShE %ShE %ShE NI %G HOFE %LEE %95 %95 = 203d %E
%AT0 %A BT B0 %3L'0 WD HLF0 %BLD %ET L %ELD B0 = apoy
0 0 0 0 0 0 i i i i 0 = pRRINIE s1003
l5ezals PISA20°E LBETETE a5 E LLLBRLE [l g LABLO'E E5EOLDE SPESSLE 2090808 LBOS0°E = s1sopny
POSEALL O Z0-300°5" =TS 20-329'8 Z0-309°6 2032 Z0-3L0°¢ 0T 203957 203256 20346 L = S5AUNAS
P0-239°8 PO-3008 PO-23LE FO-23LE PO-3T8E FO-TvEE FO-368E FO-306°E FO-ILE FO-3E0 $0-390°F = asuene
LGl %6 L KL WL %6 %96 %G L %EEL %0ET %LOET %LOET = uopenag ps
®5L0 %al0 a0 HLLD %210 %20 %0Z0" HED %220 %ET D %ET 0 = ueay
%079 %ETD %58 %EL'A %359 %L0'9 BhlL %ETL RELL %969 %I9 = WNWEERK
Ll L %369 L2 %502 NEE'L Wl D HEk L %90 L KL L %8 %998 = wnwng
[T [ [ [ [T 0gld [0 0gLh nEL gLl i35 113
((50u 10504 [ [ 50y [ [ [ 50y 50y i3
LEELIB0 07TLE IS L | LEMEShE0 DTLEISS| Sl beb 0 LE 1 | E050060 0 (LE VS | LEMEdhED 0TLES | ELE0%E0 DTLE IS | SLERTE0 07TLELEN | ELEndsn TLELEI | LEMETIE0 DTLELET | LEMEMIED O'TLE LM | Duieblan 0 Lo uonduasag
“DEIPAL ONRUUON | -0E LG DNRULON | -DELERTZ ONIRWUON | 05 LGD:Z DDRUMON | -0SLEI)Z ODIRUUOR | -0E LS )7 DNRUMORN | -0SLERETZ ONIRUUON | -DEIE)Z DIRUMON | -0SLERDZ ONIRULON | -0E L DIRUMON [-DELEELE DJRUUON
1L 41D 0L 4D 61D gUID PR 9U10 LU0 R £un Zun 1 Wn
2U0H ISTUIINT | 200 ISTUAINI | 20N ISTUAINI | 20 ISTUAUINI | 20Y ISTUAINI | 2000 1STUAING | WY ISTHIING | U0 ISTUAINT | U0 ISTUAINI | 00 ISTUAINI | 3009 1STUAINI awen
JINUHD % JINGHD % JINUHI % JINVHI % JINVHI % JINVHI % JINVHI % JINGHI % JINVHI % JINYHI % JINVHI %

269



%037 %E6T %397 %L8T 06T HLGT AT AEET %IEET %EET %6AT = 2034 %06
W27 BT WETT HOT'T HITT %eTT WTT HETT BITT %ETT HLTT = 2134 %05
HAL Bl HALL %021 %ALL KL %0FL %ELL %BLL %L %L = 2034 %2
5L ) froat W HHL WSk L H5E L BEFL %EHL Wbl = 2134 %
%511 %511 5L %51 %Ll %5l Al %A1 REL'L %EL'L %ELL = 2094 %t
%380 %0670 %290 %590 %390 %320 %990 %450 %990 %LTD %950 =034 %02
%330 %0 %LI0 W0 %390 %LA0 %LA0 %EA0 %0T0 %ETD %0TD = 2034 %69
%IF 0 %0 %350 HLE0 %EE0 %LE0 %LE0 %950 %S0 %950 %IED = 2034 %09
HLVD %20 %0 %540 %20 %3k %20 HELD %KD %EOD HEVD = 2034 et
K00 %S00 %00 HLOD %900 HEOD %900 HEOD %EOD %OLD %ETD = 2034 %06
®AT 0 %AT 0 %050 %0 %ET0* %00 HET D WD BIED HET 0 HEED = 2134 ok
Bl 0 %250 A HEFD %050 W0 pAT %950 %650 %B5 0 %950 = 2034 %oF
WILD HELD HELD HELD w0 %ILD HALD HELD %00 HTAD KO0 = 2134 %E
HEE D BLOL A0 %960 0L %EOL HENL pragn AL %90V %901 = 2034 HIE
%9 b H05L Bl L HLEL %051 %2E L %971 %eE L %L %L L =034 %2
HEFL Bl "L L KL HEF'L %IAL HEAL %L %ELL %9T L BOL L = 2034 HOE
WG HZ6 L HZ6 L BT HLO'Z HLOZ HENZ %902 %L0Z %S0T HLZ =034 el
BEWT BT W T REFT WEFT %A BFT W HOFZ BLFT HEF T = 2034 %L
BB %05E T %ETE %2 %eTE %05'E HIEE %9 %9E'E A = 203d %E
HZL0 %A50 BERD %EI0 %0 %BAD %IE0 %800 HET D HEVD B0 = apoy
0 0 0 0 0 0 i i i i 0 = pRRINIE s1003
8818 PEBEE L PLITEVE LabTLLE F3885E°E FS526LE FSTLE FAZIESE FO3KEE'E BEOERT S SLETEE = s1sopny
955LLGL 0 £00PE51 0 0356t 95k L6010 L0310 = #096PEL 0 9E68LEL 0 AL6IEL 0 BBREZR0 0 L06RLGL D = S5AUNAS
POt s P03 8 PO-AUEE PO E FO-2E5E FO-305°8 #0308 FO-IREE FO-350E PO S $O-33L°8 = asuene
%5EL %AgL HET'L %31 %2E'L KL L %06 BLEL %LEL %LEL G L = uopenag ps
HEDD HEDD BLOD %010 %010 AN %010 %20 %EL'D KELD %ELD = ueay
AN %065 BT BLE'S %259 %O0'L W59 HEL'S BhhL %9 %T9 = WNWEERK
%bE8 %L pAT %EY'o %I B %D HE0'E BT L Bl L %ET L %AT L = wnwng
0gl4y L gy gL =] el [ 0L, [ [ i) 113
[T [T (5 0uleL (5 0uleL 15 0ulEL 504 ll50u 50y (5 0ul 50y 105001
530060 0°(LE 1T | San ks 0TLE MG | $OveEn 0 TLEIS0T | $a0lE0 0TLE1gaY | Burkan 0TLEM D | LEISE)ED 0TS E | LEMEALED DTLELEA | LEMERE0 DTLELE | ELEMB0 07TLE LGN | LELERLED DTLELER | EMBrED D TLEISN uonduasag
“OEIBALZ ONRUION | -0ELGRE)Z DNRULON | -0 LER)Z ONIRWUON | 05 LS. DDRUMON | -0ELEI)Z ONIRUUOR | -DE LS )7 DNRUMOR | -0SLERETZ ONIRUUON | -DEIGHE)Z DIRUMOR | -0 LERDZ NIRULON | -DE LH)Z DIRUMON | 08 LEI)Z OliRULoN
[T 12 41D 02 WID 61 WID g1 WID 11410 91 WID [T 1 HID £1 HID £ uIo
2U0H ISTUIINT | 200 ISTUAINI | 20N ISTUAINI | 20 ISTUAUINI | 20Y ISTUAINI | 2000 1STUAING | WY ISTHIING | U0 ISTUAINT | U0 ISTUAINI | 00 ISTUAINI | 3009 1STUAINI awen
JINUHD % JINGHD % JINUHI % JINVHI % JINVHI % JINVHI % JINVHI % JINGHI % JINVHI % JINYHI % JINVHI %

270



%052 %28'T %28'T %AUT %992 NEHT %SHT %58 KOEE %TT %58T = 2034 %06
BT %077 WELT WITT BT 21 HITT T #WTT BTT WL = 2134 %05
BLlL %Al WLl WKLl %ALL %ALL %ALL %A %BLL %A KA = 2034 %2
) ) froat W froat WSk 5L HEFL HEFL et Bk L = 2134 %
Ll L %511 5L %51 %3l %3l %Ll %A1 %L1 %L1 %ELL = 2094 %t
%060 %160 %160 %060 %EI0 %EA0 %260 %EI0 %990 %230 %LTD =034 %02
HLID %0 %330 %390 WI0 %390 %390 %530 %5T0 %I0 %0 = 2034 %69
HSH0 HERD HSH0 %R0 %ER'0 %lF0 %KD KD %D %EFD %EFD = 2034 %09
%220 %0Z°0 %ZZ 0 HETD %0Z'0 %E0 %ETD HETO %OZ0 %BLD %ED = 2034 et
%LO0 HIO0 HIO0 %LO0 NEO'D* KO0 %ZN0 %000 %IOD %00 HLOD = 2034 %06
H0Z0 B0 HATD RETD HETD %IT0 B0 HET 0 BIED BLT0 HET 0 = 2134 ok
A0 HED A %0 %0 %D A D KD % 0 %D %o 0 = 2034 %oF
HELD "0 HEI0 pATN HLAD HEAD HOLD HLA0 HELD HEL0 HELD = 2134 %E
HS6 D HEFD 56D %SE0 HEG'D %D %6 D HEED %66 D %60 HEED = 2034 HIE
HOZ L %Al BTV %eZ b WL Tl %ITL Tl %OT L %T 1 %2 L =034 %2
B L HEFL L %L %EHL %L %0F1L %EF1L %G1 %65 1 = 2034 HOE
H0GL %ed b %061 %26 L HoLEL 961 HlB L HEEL KOG L %26 | LG L =034 el
HATT %A WThT WEE'T BT BT HEGT BT BT T T = 2034 %L
%0OLE %ELE %A %ol'E BLOE e %05'E HETE %SLE %LOE HLLE = 203d %E
®590 %50 %000 %LED %80 AT %ZED %50 %50 BLVD HEED = apoy
0 0 0 0 0 0 i i i i 0 = pRRINIE s1003
785k5E S0LLEEE LB S SpIFTE TLESKTE BOSEEYE 1B9TLEE SBLBLEE P67 S BLE08°E 2584588 = s1sopny
7e8L9pL 0 TEALPSL 0 LISEEEL D 196351 0 991801 0- £OP3Z0Z 0 BLPRL0Z 0 FBLIGLE 0 9BT9ZLL 0 Z600K220" SR I = S5AUNAS
PO-IEE PO-ITE P00 E FO-235E FO-ATEE POt e #0458 FO-3aE FO-36EE FO-3EpE $O-33E = asuene
HETL %031 %L HEYL HE'L %I %L %9TL AL %ET L %51 = uopenag ps
HS00 HH00 BLOD %S00 %300 LD %00 HL0D %900 %A00 %ET0 = ueay
il 8 Bhi'S %28 %L %359 %39 BTL WE'9 %EE'Y %ETL HEES = WNWEERK
%552 %lE8 %952 BLGL %059 NEA L B2 HLT L KT L %LEY HLT L = wnwng
gLy 0gldy 0gLOY 8L ELAY 8L 081Ny 0ELPY EUY 0ELHY 0ELO 113
[T [T (5 0uleL (5 0uleL 5 0ule 15 0uLEL [T [ [N [N ll50ulel
G160 0 (LE Y | SO kB0 0TLE B0 | Srawlern 0 TLE SN | Sl 0 LE g | L5 To B 0TLEMETY | SoialeB ) 0'TLENEM | 1Erwlel 0'TLE MG | ELBIrhenl 0TI | $HDE0 0 TLEMEHY ($wla0 0 LE1g0 | $40len 0TIEg Y uonduasag
“OEIBALZ ONRUUON | -0ELGREDZ DNRULON | -0 LER)Z ONIRWUON | 05 ISR 1 ONEUUON | -0 LEI)Z OIRUUOR | -DE LSS )7 DNRUMOR | -0SLERETZ ONIRUUON | -DEIGE)Z DIRUMOR | -0SLERDZ ONIRULON | -DE M) DIRUMON | 08 LEI)Z OlIRULoN
££ WID € uin 1€ 41D 0f WID 62 WID % WID 1Z Wi 92 WID © Ul +Z HID £Z UID
2U0H ISTUIINT | 200 ISTUAINI | 20N ISTUAINI | 20 ISTUAUINI | 20Y ISTUAINI | 2000 1STUAING | WY ISTHIING | U0 ISTUAINT | U0 ISTUAINI | 00 ISTUAINI | 3009 1STUAINI awen
JINUHD % JINGHD % JINUHI % JINVHI % JINVHI % JINVHI % JINVHI % JINGHI % JINVHI % JINYHI % JINVHI %

271



%87 %aLT %397 %997 %E4'T KT %EAT %L8T NBLET %EAT %EAT = 2034 %06
%27 LT W7 WEL'T %Az %A'Z HELT %ITT BTT %TT HeT = 2134 %05
HAL BLlL WLl BLLL %ALL Bl BLLL %0TL %ALL %L %ILL = 2034 %2
5L 5L 5L HHL froat WL %L H5E L HEFL et Wbl = 2134 %
%al'L BLlL %2l %51 %3l HLlL %3l %A1 BLLL %L1 %ELL = 2094 %t
HLED %0670 %160 %060 %260 LG HLED OG0 %OE0 %LED %OED =034 %02
%290 %EI0 %290 %390 %LI0 %390 %LA0 %990 %LT0 %LTD HOLD = 2034 %69
%0 HLF 0 %20 Lo %R0 %F0 %S0 KD %LFD %D %D = 2034 %09
®ET0 %ET0 %520 %30 W0 W0 W0 %0 %IT0 RETD %ED = 2034 et
%Z00 %Aa00 %000 %Z0'0 %LOD %END %000 %000 %000 %00 %D = 2034 %06
%20 %50 B0 %e0 HETD HOTD HET 0 HET 0 HETD BED HELD = 2134 ok
pAT HED HEED NER0 KER'D HEF0 %D HEFD HEFD KEFD HEFD = 2034 %oF
praa HEFD HEI0 HEFD HEFD A0 HLA0 %990 %EA0 KB HaF0 = 2134 %E
LD %20 %AT0 HLED %BYD HLED HLED %eT0 %EHD HEFD HEED = 2034 HIE
%Al Ll b p 1IN HLlL %2 b %L HdlL LI %L % b Tl =034 %2
B BEF L BTG %G1 KL B %051 HEFL AL %L BLF L = 2034 HOE
BLEL HATL %a0'L %991 %9l 961 LAl HLT L KLEL %LT L %61 =034 el
BEWT "HET BT WBE'T BT WEE'T BT BT %ITT WET HIET = 2034 %L
bl e BLOE %A0'E %I0'E WEO'E HEL'E HOO'E HLLE %EL'E HILE HLLE = 203d %E
BLED %0 "HED HEI0 %80 A HEFD HITD WL BLD %rED = apoy
0 0 0 0 0 0 i i i i 0 = pRRINIE s1003
B E LETSEEE TEIESTE IPEBEEE EPbTER S LOBZSS S SLI0GEE 4585808 EWELTE SLIPOFE SEE5TEE = s1sopny
£5pE9aL 0 #S5LA0Z 00 62863%1 0" LO0ZZ6L 0 1255222 0 GL9415T 0 FLELESL O A9BSE 0° FZOB0SL 0" B5ZLE6L D BSLPBLL D = S5AUNAS
POITE PO-305°8 $0-232E F0-23TE FO-208°E FO-336°8 F0-3378 FO-ILEE FO-397°E FO-3EEE PO-32EE = asuene
%031 %2 L B HLEL HE'L HELL %0 %ETL %LEL %ET L %ITL = uopenag ps
HEND HEND HEND K00 W00 %S00 00 P00 %00 %00 %S00 = ueay
%289 %219 HELD BLED %Ol'L BlBS %099 HETG %E0'Y %009 BELL = WNWEERK
%A WL %5090 WNEO'L B2 %8r'8 %952 %Pl E %05 L %L HLTL = wnwng
0199 [ERE] 012y [ [ ELY 0ELAY gl kLY [ (L] 113
[T [T (5 0uleL (5 0uleL 15 0ulEL 15 0uLEL 1[5 0uLEL [N [N [N ll50ulel
SralE0 07 LA | ST kB0 0TLEIEEY | SATE0 0 TLEIEAY | Beulen 0 TLe g S ks 0TLE g | Snadsn 0 TLEgne | Sl 0 TG | SL0kE0 0TLEMELY | $onla0 0TLEMESY | $ul a0 0 Le g v | i lsn 0TLE LS uonduasag
“OEIBHLZ ONRUUON | -0ELGRE)Z DNRULON | -0 LER)Z ODIRWUON | 05 LS. DDRUMON | DS 152 DIIRULON | -DELSE )7 DNRUMOR | -0SLERDZ ONIRUUON | -DEIGEZ DIRUMOR | -0SLERDZ ONIRULON | -DE L) DIRUMON | -08 LEI)Z OliRULoN
+# U0 £F U0 2 W 1¥ WD 0F WID 6 HID o€ WID 1€ W0 9 HID € UID £ uIo
2U0H ISTUIINT | 200 ISTUAINI | 20N ISTUAINI | 20 ISTUAUINI | 20Y ISTUAINI | 2000 1STUAING | WY ISTHIING | U0 ISTUAINT | U0 ISTUAINI | 00 ISTUAINI | 3009 1STUAINI awen
JINUHD % JINGHD % JINUHI % JINVHI % JINVHI % JINVHI % JINVHI % JINGHI % JINVHI % JINYHI % JINVHI %

272



%28'T %aLT %397 %AUT %E4'T %EAT BLLT %ae BLEET %992 %EAT = 2034 %06
W27 HLVZ HOT'T %Az HeVT HELT H0TT %7 %aL'T %TT BETT = 2134 %05
BLlL BLlL HALL %Al HELL KELL BLLL %A BLLL %A KA = 2034 %2
) ) R W HHL WL L H5E L HEFL et Wbl = 2134 %
%511 %alL %Al HLLL HLLL HLlL %3l BLLL BLLL %L1 %A1 = 2094 %t
%0670 %2670 %060 %260 %260 LG %260 0G0 %LED %LED %OED =034 %02
HEI0 %230 %LID %290 %LT0 %LA0 %3A0 %890 %970 %BTD %ETD = 2034 %69
HSH0 %0 %20 K0 %ER'0 %F0 %20 %0 %D %HD %D = 2034 %09
w0 %0 %A W0 %220 %570 %ETD %5T0 W0 %ED %ZT0 = 2034 et
%Z00 %L00 %00 %500 %Z0'0 w00 %END %00 %00 %00 %00 = 2034 %06
HEL D %0Z 0 LD HOT0 %30 %eLD 51N %D %ILD %ELD HEVD = 2134 ok
pAT %950 BLED AT KER'D %90 %950 %950 KD A K0 = 2034 %oF
HEFD pA S s pra w0 HEAD %090 HTA0 %030 A0 HaF0 = 2134 %E
BLED %50 %AT0 %EY0 %060 HLFD %EY D %EI0 %2TD A AP0 = 2034 HIE
Hbl L %2l L %Al WBlL %3kl %2kl %2l %Al KLl KTV KT L =034 %2
BT L Kl L 2L %051 %051 Wil %L %L %L %G1 %IF L = 2034 HOE
%28 b %ed b %L %28 b L KL %I L 0L %LT L %L KOG b =034 el
BLTT %A "ATT WETT NGET BT T T HETT BET T BET T BLTT = 2034 %L
%96 %AV %A0'E BLET %96'Z BLLE %96 pOE %SLE %LOE KOTE = 203d %E
W0 BLED BLF0 %ELD %3E0 %3A0 HOKD %BLD BFD gt BLVD = apoy
0 0 0 0 0 0 i i i i 0 = pRRINIE s1003
SPALTLE TL0LESE SI0FSE BT E 15628 FaLaaE BLBEREE aLLB0EE L1BEATE BO8GAT S LEO0PEEE = s1sopny
JLEZIEL 0" PELERT 0 JEAIR 1N 3LLGSL 0 E1ZEREL 0" TLOILLL O L0961 0 GA900LL 0 5520610 1Z26ER L0 £LE58LLD = S5AUNAS
PO-230°8 PO-3676 POITE FO-251E FO-251E FO-3ETE FO-331°8 FOALEE FO-3ETE FO-321E PO-ANTE = asuene
HALL Ll %031 %A %A %L %A %A %0TL %R %EL L = uopenag ps
HLOD HEND H200 %200 %200 %200 %200 %200 %ETD %200 KETD = ueay
%515 %ETD RED'L %ET'G Bl "ITL W9 %EL'Y %LAG WLS %809 = WNWEERK
%L %28 L BLlL LG %0L'9 Lo %EAS B0 L KA L HEG L %8T L = wnwng

ELNE g1 R [t [ENE] 0ELHE 0£19d 0149 L] 0109 0£L0d 113

[l 0ulg [T 5 Dulg [ 15 0ulEL 15 0uLEL 1[5 0uLEL [N [N [N ll50ulel
160 0TLEE7A| EEE0 0L LEME | 1pralen 0TLELgra| £1pale0 0 LELEE | $HANED 07TLEIgHE | Soaken 0TIE150E | $49kE0 0TLEME A | $30600°T1E1$38 | $aaken 071E1508 | $0F)60 0 LELE0E | g8 0°TLE 159 uonduasag
“OEIBALZ ONRUION | -0ELGRE)Z DNRULON | -0 LER)Z ONIRWUON | 05 LS. DDRUMON | -0ELEI)Z ONIRUUOR | -DE LS )7 DNRUMOR | -0SLERETZ ONIRUUON | -DEIGHE)Z DIRUMOR | -0 LERDZ NIRULON | -DE LH)Z DIRUMON | 08 LEI)Z OliRULoN

[T +6 U0 £6 W10 26 Wi 16 WD 05 HID 6+ HID oF WID 1 WD 9 HID [T

2U0H ISTUIINT | 200 ISTUAINI | 20N ISTUAINI | 20 ISTUAUINI | 20Y ISTUAINI | 2000 1STUAING | WY ISTHIING | U0 ISTUAINT | U0 ISTUAINI | 00 ISTUAINI | 3009 1STUAINI awen
JINUHD % JINGHD % JINUHI % JINVHI % JINVHI % JINVHI % JINVHI % JINGHI % JINVHI % JINYHI % JINVHI %

273



274



REFERENCES

Adler, H. (1987). Economic appraisal of transport projects: a manual with case studies.
Baltimore: The Johns Hopkins University Press.

Aldrete, R. M. (1996). Interview with Fernando Galarza, project manager in the "Libramiento
Oriente de San Luis Potosi" toll road. San Luis Potosi, Mexico.

Aldrete, R. M. (1996). Interview with Vicente Rangel, CEO of Valoran Group, concessionaire
of the "Libramiento Oriente de San Luis Potosi" toll road. San Luis Potosi, Mexico.

Aldrete, R. M. (1997). Interview with Lindolfo Pedraza, President of Profin de America,
Financial Consultants. Monterrey, Mexico.

Aldrete, R. M. & Orozco, J. J. (1996) Interview with Carlos J. Orozco, President of the Mexican
Chamber of Consulting Companies, Chapter Jalisco. Austin, TX.

Aldrete, R. M. & Orozco, J. J. (1996) Interview with Juan M. Orozco, Director of the Technical
Services Unit of the Mexican Ministry of Transportation (SCT). Austin, TX.

American Concrete Pavement Association (ACPA). (1997). An overview of pavement
performance and design in New York. Skokie, IL: Author.

American Concrete Pavement Association (ACPA). (1998). General information about
concrete pavement. Available from: http://www.pavement.com/ general/conc-info.html.

Arias, J. (1990). Aplicaciones a la evaluacion de proyectos carreteros. [Applications of
highway project evaluation]. Evaluacion técnica y financiera de proyectos carreteros.
[Technical and financial evaluation of highway projects]. Seminar conducted at the
Mexican Road Association. Mexico City.

Asociacion Mexicana de Infraestructura Concesionada (AMICO). (1996). Andlisis de la
evolucion de las tarifas, aforos e ingresos de las autopistas concesionadas. [Analysis of
the evolution of toll prices, traffic and revenue of the concessioned highways]. Mexico
City: Author.

Baker & McKenzie. (1998). Typical BOT risk analysis risk matrix and flow chart. Projects
group publication, available from: http://www.baker.com.hk/publicat/projex/pro_3.html.

Banco de Informacion Economica del Instituto Nacional de Estadistica, Geografia e Informatica
(Mexico) (BDINEGI). (1998). Indicadores economicos de coyuntura. [Relevant
economic indicators]. Available from: http://dgcnesyp.inegi.gob.mx/bdine/bancos.htm.

Board of Governors of the Federal Reserve System (BOGFRB). (1998). Statistics: releases and
historical data. Washington, DC, available from http://www.bog.frb.fed.us/releases

275



Bond, G. & Carter, L. (1994). Financing private infrastructure projects: emerging trends from
IFC's experience. Discussion paper No.23. Washington, DC: International Finance
Corporation.

Brunetti, A. & Weder, B. (1994). Investment and institutional uncertainty: a comparative study
of different uncertainty measures. Technical paper. Available from:
http://www.ifc.org/DEPTS/OPS/ECON/PUBS/ TECHPAP4/TP4. HTM.

Cervantes, P. & Rubio J. (1992). Aspectos legales y financieros de las obras concesionadas.
[Financial and legal aspects of concessioned projects]. Conference proceedings. San
Luis Potosi, Mexico.

Civil Engineering Research Foundation (CERF). (1997). Commercializing infrastructure
technologies: a handbook for innovators. Washington, DC: Author.

Clemen, R. T. (1996). Making hard decisions: an introduction to decision analysis. Belmont,
CA: Wadsworth.

Cole, L. (1997). Life-cycle cost analysis: engineering economics for pavement type selection.
Presentation at the Texas Regional Concrete Pavement Conference. Austin, TX.

Construction Industry Institute (CII). (1988). Risk management in capital projects. CII Source
Document 41. Austin, TX: Author.

Construction Industry Institute (CII). (1995). Pre-project planning handbook. CII Special
Publication 39-2. Austin, TX: Author.

Construction Industry Institute (CII). (1995). Project definition rating index for industrial
projects. Working Draft. Austin, TX: Author.

Credit Suisse/First Boston & Inverlink. (1997). El Vino-Tobiagrande-Puerto Salgar-San
Alberto toll road. Information Memorandum.

Dickey, J. W., & Miller, L.H. (1984). Road project appraisal for developing countries. New
York: John Wiley & Sons.

Euritt, M. A. & Harrison, R. (1994). A framework for evaluating multimodal transportation
investment in Texas. Austin, TX: Center for Transportation Research.

Gittings, G. L. (1982). A methodology for assessing the feasibility of toll financed highway
facilities. Master's Thesis. Northwestern University, Evanston, IL.

Goetzmann, W. N. (1998). 4n introduction to investment theory. Chapter 1: Capital markets
and investment performance. Available from:
http://viking.som.yale.edu/will/finman540/classnotes/class1.html.

Goldstein, A. (1987). Private enterprise and highways. Transportation Research Record, 1107
(pp. 106-111).
276



Gomez-Ibanez, J. A., & Meyer, J. (1993). Going private: the international experience with
transport privatization. Washington, DC: The Brookings Institution.

Gomora, D. (1997). Limitaran a constructoras en proyectos carreteros. [Construction
companies will have limited participation in new (concessioned) highway projects].
Reforma (Pulso de San Luis), pp. 1

Gomora, D. (1997). Reasume el gobierno control de autopistas. [The government regains
control of the (concessioned) highways]. Reforma (Pulso de San Luis), pp. 4

Grigg, N. S. (1988). Infrastructure engineering and management. New York: John Wiley and
Sons.

Hendrickson, C. & Au, T. (1989). Project management for construction: fundamental concepts
for owners, engineers, architects, and builders. Englewood Cliffs, NJ: Prentice-Hall.

Hudson, W. R., Haas, R., & Uddin, W. (1996). Principles of infrastructure management:
integrating planning, design, construction, maintenance, rehabilitation and renovation.
Austin, TX: Author.

Hyman, D. N. (1993). Public Finance: a contemporary application of theory to policy. Forth
Worth, TX: Dryden.

Instituto Mexicano del Transporte (IMT). (1996). Datos viales del sector transporte: aforos
vehiculares. [Transportation sector data: traffic volumes]. Available from:
http://www.imt.mx/ espanol/ datosviales/ introduccion.html.

Jones, C. V. (1991). Financial risk analysis of infrastructure debt. New York: Quorum Books.

Levy, S. M. (1996). Build, operate, transfer: paving the way for tomorrow's infrastucture. New
York: John Wiley & Sons.

Little, I. M., Mirrlees, J. A. (1974). Project appraisal and planning for developing countries.
New York: Basic Books.

Lépez de Ortigosa, D. A. (1993). Forecasting construction costs in hyper-inflated economies.
Doctoral dissertation. The University of Texas at Austin, Austin, TX.

MacPherson, G. (1993). Highway <& transportation engineering and planning. London:
Longman.

Magallanes, R., Diaz, E. & Ramirez, A. (1997). La tarifa de las carreteras. [The highway toll
price]. Mexico City: SCT

Martin, R. (1997). Internal rate of return revisited: economic analysis. RiskWorld, available
from: http://www.riskworld.com/Nreports/1997/ Rmartin/html/nr7aa001.htm.

277



McConville, J. G. (1996). The 1996 international construction costs and reference data
yearbook. New York: John Wiley & Sons.

Ministerio de Transporte de la Republica de Colombia (INVIAS). (1994). Caminos de
progreso: programa de carreteras por el sistema de concesion. [Roads of progress: the
concessioned highways program]. Colombia: Author.

Murmis, G. M. (1997). "S" curves for monitoring project progress. Project Management
Journal, 28 (3), (pp. 29-35)

Murray, P. (1997). Marking time: assessing discount rates. Australian Accountant. 67(6), 36-
38.

Navon, R. (1996). Cash flow forecasting and updating for building projects. Project
Management Journal, 27(2), 25-31.

Newnan, D. G. (1996). Engineering economic analysis. San Jose, CA: Engineering Press.

Organization for Economic Co-Operation and Development (OECD). (1987). Toll financing
and private sector involvement in road infrastructure development. Paris, France:
Author.

Orozco, C. J. (1996). El costo de la calidad de las carreteras mexicanas. [The cost of quality
in the Mexican highways]. Paper presented at the Congress of the Mexican Chamber of
Consulting Companies. Mexico City.

Orozco, J. J. (1997). Analysis of input variables for a pre-feasibility evaluation model for toll
highways. Master's thesis, The University of Texas at Austin, Austin, TX.

Ortega, F. (1996). Las autopistas, el gran proyecto del gobierno salinista: costos rebasados,
plazos incumplidos y mal cdlculo de los aforos vehiculares. [The (concessioned)
highways, the big project in the Salinas government: cost overruns, delays and wrong
traffic estimates]. Proceso 1006, available from:
http://proceso.web.com/protexto/1006/1006n07.html.

Palisade Corporation. (1996). @RISK advanced risk analysis for spreadsheets. User's guide.
Newfield, NY: Author.

Park, C. S. (1997). Contemporary engineering economics. Menlo Park, CA: Addison-Wesley.

Payson, W. & Steckler, S. (1996). Developing public-private partnerships in infrastructure. In
S. Hakim, P. Seidenstat, & G. Bowman (Eds.), Privatizing transportation systems.
Westport, CT: Praeger.

Poole, L. W. (1996). Private toll roads. In S. Hakim, P. Seidenstat, & G. Bowman (Eds.),
Privatizing transportation systems. Westport, CT: Praeger.

278



Pouliquen, L. Y. (1970). Risk analysis in project appraisal. Baltimore: Johns Hopkins Press for
the International Bank for Reconstruction and Development.

Project Management Institute (PMI). (1996). A guide to the project management body of
knowledge. Upper Darby, PA: Author.

Queiroz, C. (1992). Road infrastructure and economic development: some diagnostic
indicators. Policy reseach working paper WPS 921. Washington, DC: World Bank.

Queiroz, C. (1997). Corruption and infrastructure stock: is there a link? Draft. Washington,
DC: World Bank.

Queiroz, C. (1997, April). Public-private partnership in the provision of road infrastructure.
Presentation. Washington, DC: World Bank.

Quinet, R. (1990). Evaluating investment in transport infrastructure. In European Conference
of Ministers of Transport (Ed.), Report of the Eighty-Sixth Round Table on Transport
Economics (pp. 65-85). Paris, France: Economic Research Centre.

Quinn, K. & Olstein, M. (1985). Privatization: public/private partnerships provide essential
services. In B. Weiss (Ed.), Financing a common wealth (pp. 66-83). Washington, DC:
Government Finance Research Center, Government Finance Officers Association.

Rao, R. K. (1992). Financial management: concepts and applications. New York: McMillan.
Roth, G. (1996). Roads in a market economy. Hants, England: Avebury.

Schaevitz, R. C. (1988). Private sector role in U.S. toll road financing - issues and outlook.
Transportation Research Record, 1197 (pp. 1-8).

Schlaifer, R. (1969). Analysis of decisions under uncertainty. New York: McGraw-Hill.

Secretaria de Comunicaciones y Transportes (SCT). (1996). Programa nacional de autopistas
1989-1994: caracteristicas generales. [1989-1994 national highway program: general
characteristics]. Mexico City: Author

Secretaria de Comunicaciones y Transportes (SCT). (1996). Reporte de autopistas
concesionadas. [Concessioned highways report]. Mexico City: Author

Secretaria de Hacienda y Crédito Publico (SHCP). (1997). Ley del impuesto al valor agregado.
[Federal value added tax law]. Mexico City: Author.

Secretaria de Hacienda y Crédito Publico (SHCP). (1997). Ley federal del impuesto sobre la
renta. [Federal income tax law]. Mexico City: Author.

Secretaria de Hacienda y Crédito Publico (SHCP). (1997). Ley federal del trabajo. [Federal
labor law]. Mexico City: Author.

279



Systma, S. (1998). Capital budgeting and cash flow analysis. Financial management, available
from: http://www.systma.com/cism700/ capbudgdoc.html.

Szymansky, S. (1997). Rational pricing strategies in the Cross-Channel market. In E. Quinet
& R. Vickerman (Eds.), The econometrics of major transport infrastructures (pp. 115-
135). London: McMillan.

U.S. Department of Transportation (USDOT), Bureau of Transportation Statistics (BTS). (1997).
Transportation statistics annual report 1997. Washington, DC, available from:
http://www.bts.gov.

Van Horne, J. C. (1974). Fundamentals of financial management. Englewood Cliffs, NJ:
Prentice-Hall.

Venable, D. L. (1994). Electronic toll collection systems. Master's Thesis. The University of
Texas at Austin, Austin, TX.

Winston, W. L. (1996). Simulation modeling using @RISK. Belmont, CA: Wadsworth.

Wohl, M. & Hendrickson, C. (1984). Transportation investment and pricing principles: an
introduction for engineers, planners and economists. New York: John Wiley & Sons.

World Bank. (1998). World Bank Group instruments for private sector support. Available
from: http://www.worldbank.org/html/cfsvp/0001.htm.

World Bank. (1994). World development report 1994: infrastructure for development. New
York: Oxford University Press.

World Bank. (1998). Financing of interest during construction. Bank operational policy 6.60.
Available from: http://www.worldbank.org/html/ opr/opmanual/ops/660tx.html.

World Bank. (1994). Financing of interest during construction. Bank procedure 6.60.
Available from: http://www.worldbank.org/html/opr/opmanual/bps/ 660tx.html.

World  Bank. (1998). Mexico:  country  overview. Available  from:
http://www.worldbank.org/html/extdr/offrep/lac/mexico.htm.

World Bank. (1998). Mexico: federal road modernization. Available from:
http://www.worldbank.org/cgi-bin/waisgate/

World Bank. (1998). The World Bank guarantee. Available  from:
http://www.worldbank.org/html/extdr/rmc/rmcwbg1.htm.

Waurtzebach, C. H. & Miles, M. E. (1991). Modern real estate. New York: John Wiley & Sons.

Zambrano, H. (1991). Administrative and financial aspects related to works concessioned to the
private sector. SCT Conference paper. Mexico.

280



